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EXECUTIVE SUMMARY 
 
Introduction 

The Exxaro Grootegeluk Coal Mine has been mining coal near Lephalale in the Limpopo 

Province since the 1980s. Grootegeluk Coal Mine produces three major groups of product, 

namely semi-soft coking coal for the metallurgical industry, thermal coal for Matimba Power 

Station and steam coal for local and international markets. 

Policy, Legal and Administrative Framework 

The Grootegeluk Consolidated Environmental Management Programme report, which is a 

consolidation of all Grootegeluk Coal Mine’s existing EMPs and their associated amendments 

within the surface and mining authorisation areas of the Mine, as approved by the Department 

of Mineral Resources and Energy in 2014, was found to be in need of updating and amendment 

following internal compliance audit undertaken in accordance with the requirements of 

relevant environmental legislation and their authorisation issued in terms of the Mineral and 

Petroleum Resources Development Act, 2002 (Act No. 28 of 2002). 

The EIA Regulations, 2014 (as amended, GNR 326), published in terms of the National 

Environmental Management Act, 1998 (Act No. 107 of 1998), allows for the amendment of 

the approved EMPR, should it be required to amend/incorporate additional information 

influencing the environmental impact management actions and outcomes contained within 

the EMPR in order to ensure that the EMPR sufficiently provides for the avoidance, 

management and mitigation of environmental impacts associated with the activities at 

Grootegeluk Coal Mine. The updating of the Grootegeluk Consolidated EMPr is executed in 

accordance with the legislative requirements of the EIA Regulations and the MPRDA for 

submission to the DMRE. 

Mine Operations 

The Grootegeluk Coal Mine infrastructure consists of the following components: 

•  An open cast pit; 

• Eight coal processing plants; 

• Coal stockpiling areas; 

• Ten discard dumps of which only Dumps 4 and 5 are active; 

• Water management dams and pipelines; 

• Three Slimes dams of which only Dams 1 & 2 and the Cyclic ponds are active; 

• Mine roads and conveyors; 

• A railway line & rapid loadout station; 

• Power lines; 
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• Transformers; 

• Locomotive service station; 

• An explosives magazine; 

• Laboratory, change houses and offices; 

• Warehouses; 

• Gates, guard houses and car parks; 

• An explosive storage site; 

• A fuel depot; 

• A waste storage yard; 

• Scrap yard; 

• A reductants plant;  

• A workshop area; 

• New sewage treatment plant;  

• New main gate, access control and associated infrastructure;  

• Cyclic Operated Coal Slurry Ponds System; and 

• Backfill Conveyor System. 

Receiving Environment 

A description of the environment prior to mining operations was formulated and summarised 

from all the various baseline studies conducted over the years as part of the EMPRs (Section 

4). The following components of the receiving environment are described: 

• Climate; 

• Geology; 

• Soils; 

• Pre-mining land capability; 

• Land Use; 

• Biological environment (Including any Wetlands and Aquatic ecosystems); 

• Surface water; 

• Groundwater; 

• Air quality; 

• Noise and vibration; 

• Visual aspects; 

• Cultural and heritage; and 

• Socio-economic. 
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Impact Assessment and Mitigation 

Actual and potential impacts associated with the Grootegeluk Coal Mine were evaluated and 

risk ranked (Section 5). The most significant impacts associated with the mining activities 

are: 

• Impact on geology as a result of open cast mining; 

• Impact on topography due to the construction and operation of the open pit, discard 

dumps and tailings storage facilities; 

• Pollution of surface water resources as a result of contaminated run-off; 

• Effect on groundwater flow and levels as a result of dewatering; 

• Effect on groundwater quality during normal operational activities;  

• Effect on land capability and land use; 

• Impact on cultural heritage resources; 

• Impact on visual resources; 

• Socio-economic impacts during construction and operational phases of the mine; and 

• Loss of jobs and other socio-economic impacts upon mine closure. 

Mitigation measures for all identified impacts were updated by including relevant measures 

from recent. The Environmental Management Programme (EMP) is tabulated in Section 6.1. 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page vi 

CONTENTS OF THIS EMPR AND RELEVANT SECTION IN THIS REPORT.  

REQUIREMENT SECTION IN 
THIS REPORT 

Details of—  
(i) the EAP who prepared the EMPr; and  
(ii) the expertise of that EAP to prepare an EMPr, including a curriculum vitae; 

Section 1.3 and 
Appendix A 

A detailed description of the aspects of the activity that are covered by the EMPr as 
identified by the project description; Section 1.7 

A map at an appropriate scale which superimposes the proposed activity, its associated 
structures, and infrastructure on the environmental sensitivities of the preferred site, 
indicating any areas that should be avoided, including buffers; 

Figure 3-1 

A description of the impact management outcomes, including management statements, 
identifying the impacts and risks that need to be avoided, managed and mitigated as 
identified through the environmental impact assessment process for all phases of the 
development including—   
(i) Planning and design;  
(ii) Pre-construction activities;  
(iii) Construction activities;  
(iv) Rehabilitation of the environment after construction and where applicable post-
closure; and  
(v) Where relevant, operation activities; 

Section 5 

A description of proposed impact management actions, identifying the manner in which 
the impact management outcomes contemplated above will be achieved, and must, 
where applicable, include actions to—  
(i) Avoid, modify, remedy, control or stop any action, activity or process which causes 
pollution or environmental degradation;  
(ii) Comply with any prescribed environmental management standards or practices;  
(iii) Comply with any applicable provisions of the Act regarding the closure, where 
applicable; and  
(iv) Comply with any provisions of the Act regarding financial provision for rehabilitation, 
where applicable; 

Section 5 

The method of monitoring the implementation of the impact management actions; Section 5 

The frequency of monitoring the implementation of the impact management actions; Section 5 

An indication of the persons who will be responsible for the implementation of the impact 
management actions; Section 5 

The time periods within which the impact management actions must be implemented; Section 5 

The mechanism for monitoring compliance with the impact management actions; Section 5 

A program for reporting on compliance, taking into account the requirements as 
prescribed by the Regulations; Section 5 

An environmental awareness plan describing the manner in which—  
(i) The applicant intends to inform his or her employees of any environmental risk 
which may result from their work; and  
(ii) Risks must be dealt with in order to avoid pollution or the degradation of the 
environment; and 

Section 4.15 
Section 5 

Any specific information that may be required by the competent authority. NA  
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ACRONYMS AND ABBREVIATIONS 
 
ADT Articulated Dump Trucks  

AEL Atmospheric Emission License 

AIS Alien Invasive Species 

AIMP Alien Invasive Management Plan 

AIR Atmospheric Impact Report 

AMD Acid Mine Drainage 

APPA Atmospheric Pollution Prevention Act 1965 (Act 45 of 1965) 

ARE Assistant Resident Engineer 

AQMP Air Quality Management Plan 

BWD Bulk Water Dam 

CARA Conservation of Agricultural Resources Act 

CBA Critical Biodiversity Area 

CBMA Critical Biodiversity Management Area 

CEC Cation Exchange Capacity 

COCSPS Cyclic Operated Coal Slurry Pond System 

DEA Department of Environmental Affairs 

DFFE Department of Forestry, Fisheries and Environment 

DFO Dust Fallout 

DLM Dipaleseng Local Municipality 

DM District Municipality 

DMR Department of Mineral Resources 

DMRE Department of Mineral Resources and Energy 

DWS Department of Water and Sanitation  

EA Environmental Authorisation 

EAP Environmental Assessment Practitioner  

ECA Environment Conservation Act 

ECO Environmental Control Officer 

EIA Environmental Impact Assessment 

EMP Environmental Management Programme 

EMPR Environmental Management Programme Report 

EO Environmental Officer  

ESA Ecological Support Area 

GCS GCS Water and Environmental Consultants (Pty) Ltd 

GMEP Grootegeluk Medupi Expansion Project 
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GPS Global Positioning System 

GSDM Gert Sibande District Municipality 

GT Gigatonne (109 tonnes) 

HPA Highveld Priority Area 

I&AP Interested and Affected Party(s)  

IPCC International Panel on Climate Change 

km Kilometres 

LDEDET Limpopo Department of Economic Development, Environment and 
Tourism 

LM Local Municipality  

LoM Life of Mine 

MAE Mean Annual Evaporation 

MAP Mean Annual Precipitation 

mamsl meters above mean sea level 

mbgl meters below ground level 

Mg/l Milligrams per litre 

MES Minimum Emission Standards 

mm Millimetre 

MPRDA Mineral and Petroleum Resources Development Act 

MR Mining Right 

Mtpa Million tonnes per annum 

NAAQS National Ambient Air Quality Standards 

NDCR National Dust Control Regulations 

NEMA National Environmental Management Act 

NEM:BA National Environmental Management: Biodiversity Act 

NEM:AQA National Environmental Management: Air Quality Act 

NEM:WA National Environmental Management: Waste Act 

NDCR National Dust Control Regulations 

NFEPA National Freshwater Ecosystem Priority Areas 

NHRA National Heritage Resources Act 

NNR National Nuclear Regulator  

NSR Noise sensitive receptors 

NT Near Threatened 

NWA National Water Act 

PCI Powdered Coal Injection 

PEAS Pea Coal  

PES Present Ecological State 
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PM Particulate Matter 

PSC Power Station Coal  

ROM Run of Mine 

RWD Return Water Dam 

SAWS South African Weather Service 

SCC Species of Conservation Concern  

SPLUMA Spatial Planning and Land Use Management Act 

SSCC Semi Soft Coking Coal 

SWD Storm Water Dam 

SWP Safe Work Procedure 

TDS Total Dissolved Solids 

TFR Transnet Freight Rail 

TOPS Threatened or Protected Species 

tph Tonnes per hour 

TSF Tailings Storage Facility  

TSP Total Suspended Particulates 

S&EIR  Scoping and Environmental Impact Reporting 

U/G Underground 

VOC Volatile organic compound 

WMA Water Management Area 

WML Waste Management Licence 

WMP Waste Management Plan  

WRD Waste Rock Dump 
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1 INTRODUCTION 

Exxaro Coal (Pty) Ltd (Exxaro) Grootegeluk Coal Mine (Grootegeluk Coal Mine) is located in 

Limpopo Province approximately 20 km west of Lephalale. The Grootegeluk Coal Mine has 

been operational since the 1980s.  

Grootegeluk Coal Mine produces three major groups of product i.e., semi-soft coking coal for 

the metallurgical industry, thermal coal for Matimba Power Station and steam coal for local 

and international markets. 

The Grootegeluk Consolidated Environmental Management Programme report (EMPr) (Golder, 

September 2013), which is a consolidation of all Grootegeluk Coal Mine’s existing EMPs and 

their associated amendments within the surface and mining authorisation areas of the Mine, 

as approved by the Department of Mineral Resources and Energy (DMRE) in 2014, was found 

to be in need of updating and amendment following internal compliance audit undertaken in 

accordance with the requirements of relevant environmental legislation and their 

authorisation issued in terms of the Mineral and Petroleum Resources Development Act, 2002 

(Act No. 28 of 2002) (MRPDA). 

The EIA Regulations, 2014 (as amended, GNR 326), published in terms of the National 

Environmental Management Act, 1998 (Act No. 107 of 1998) (NEMA), allows for the 

amendment of the approved EMPR, should it be required to amend/incorporate additional 

information influencing the environmental impact management actions and outcomes 

contained within the EMPR in order to ensure that the EMPR sufficiently provides for the 

avoidance, management and mitigation of environmental impacts associated with the 

activities at Grootegeluk Coal Mine. The updating of the Grootegeluk Consolidated EMPr is 

executed in accordance with the legislative requirements of the EIA Regulations (2014, as 

amended) and the MPRDA for submission to the DMRE for approval. 

 

1.1 OVERVIEW OF EXXARO GROOTEGELUK COAL MINE 

1.1.1 Mine Location 

1.1.1.1 Regional Setting 

Grootegeluk Coal Mine is located near Lephalale in the Waterberg District of Limpopo 

Province (Figure 1-1). The Limpopo Province is the northern-most province of South Africa 

and covers approximately ten per cent of the country. Limpopo is rich in minerals, 

particularly in the south, while agriculture (livestock and crops), game farming and tourism 

are also important economic drivers in the region. 

1.1.1.2 Magisterial District and Relevant Regional Services Council Authority 

The Municipality of Lephalale is situated in the north-western part of the Limpopo Province 

and north of Thabazimbi, bordering on Botswana in the west. It covers an area of 14,000 km2. 

It is the largest of the Waterberg District local municipalities and also the least urbanised. 
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1.1.1.3 Location in Relation to Neighbouring Towns 

The mine is located approximately 21 km west of Lephalale, 140 km north of Thabazimbi, 

170 km northwest of Modimolle and 180 km northwest of Mokopane, in the Lephalale 

Municipality (Figure 1-1). The mine is situated on the farms Grootegeluk 459 LQ, Hieromtrent 

630 LQ, Leeuwdrift 312 LQ, Enkelbult 462 LQ, Daarby 485 LQ and Turfvlakte 463 LQ. The 

Appelvlakte 448LQ and Goedehoop 457 LQ was included into the Grootegeluk Mining Right in 

2018, however this portion of the right still needs to be executed. (Figure 1-3). 
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Figure 1-1: Regional Setting of Grootegeluk Coal Mine 
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1.1.2 Mineral Deposits 

The Waterberg Coalfield is fault bounded along the southern and northern margins and can 

be called a “graben”. The Daarby Fault, with a displacement of ± 350 m, divides the coalfield 

into a shallow opencast mineable western part and a deep north-eastern part, where coal 

occurs at a depth of ± 300 m below surface. Numerous coal seams occur over a stratigraphic 

thickness of at least 120 m. The Grootegeluk open pit mine is situated south of the Daarby 

fault in the coal-bearing strata of the Ecca formation. 

The Daarby fault is impervious and divides the coal deposit into two discrete water 

compartments. The aquifer consists of fine-grained sandstone, siltstone, shale and coal. The 

aquifer is layered and has a low transmissivity. Bedding plane-oriented fractures act as 

conduits along which the groundwater flows into the pit. The water compartment north of 

the Daarby fault, on the downthrow side of the fault consists of Drakensberg basalt and 

Clarens Sandstone. The general dip of the strata in this compartment is towards the Daarby 

fault. 

Grootegeluk Coal Mine was originally brought into production to produce a blend of coking 

coal from the Volksrust Formation bright coal zones. Eskom uses a middling fraction, obtained 

from the beneficiation process, in the Matimba power station. 

The mine produces three major groups of products namely: 

• Semi-soft coking coal for the metallurgical industry; 

• Thermal coal for Matimba power station; and 

• Steam coal for the local and international markets. 

1.1.3 Mining Methods and Open Pit Expansion 

1.1.3.1 Mining Method 

Mining at Grootegeluk is conducted by means of the conventional shovel and truck method. 

The pit is located to the west of the plant and is being developed in a westerly direction. 

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

horizons are mass mined whilst 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 

benches 6 to 11. Topsoil is removed prior to mining new areas and either stockpiled or 

transported directly to areas at the mine requiring rehabilitation. 

The fleet of haul trucks consists of 200 and 250 ton rear dump trucks, which transport 

approximately 81 million total tons annually. The dump trucks are diesel-electrically driven 

and equipped with pantograph systems, making it possible to use electrical power when 

driving up the ramp and out of the pit. In this way diesel consumption is minimized, 
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productivity is increased and noise and air pollution are reduced. Diesel driven rotational 

drills are used to drill the blast holes, before they are primed and blasted. 

The overburden bench is approximately 16 m thick, and consists of weathered and blue shale. 

The topsoil and weathered material is stripped with the aid of a hydraulic shovel. The rest 

of the overburden is drilled with a 172mm rotary drill and blasted. This material, together 

with the blue shale, is loaded into haul trucks by a rope shovel and transported to the waste 

dumps. 

Coal is either temporarily stored on stockpiles on Dump 1 next to the GG1 tipping bin or fed 

directly into the tipping bins for use in the coal processing plants. The coal is transported via 

conveyor from the tipping bin to the plants. 

There are also various workshops across the plant and mining area where the various pieces 

of equipment are maintained and serviced according to a planned schedule. 

As part of the Medupi Expansion project and the commissioning of the new processing plants 

(GG7 and GG8), an in-pit crushing and conveying systems has also been implemented.  

These large semi-mobile crushers are located on benches 5, 6 and 11, with several smaller 

units installed on benches 7, 9 and12. Power is supplied by a 33 kV power line. The conveyors 

has also been installed to carry coal from the crusher units to the plant tipping bins. As the 

pit expands these systems will be moved so as to ensure their efficiency.  Similar in-pit 

crushers are being investigated for the other plants and will be installed over time.  

1.1.3.2 Production Rates and Mining Schedule 

The mine currently produced a total of 27.2 mtpa of product at the end of 2021 and provides 

jobs for approximately 3931 permanent employees and some 2853 employed as contractors.  

The mine provides approximately 23.7 mtpa of power station coal to the Eskom’s Matimba 

and Medupi Power stations. 

Currently, Grootegeluk has the world’s largest beneficiation complex where 9 000 tonnes per 

hour of run-of-mine (ROM) of run-of-mine (ROM) coal is upgraded in nine different plants. 

Grootegeluk produced 1.9 Mtpa of semi-soft coking coal, the bulk of which is railed directly 

to Mittal SA under a long-term supply agreement. Approximately 1.6 Mtpa of steam coal is 

exported through Richards Bay Coal Terminal or sold domestically in 2021. 

The mining area, consisting of six adjoining farms, consists of a total of 6528.54 hectares 

(ha). The current mining pit cover a surface area of approximately 1223,98 ha and the current 

depth of mining in the open pit is approximately 132 m. Appelvlakte 448LQ and Goedehoop 

457 LQ was included into the Grootegeluk Mining Right in 2018, bringing the total area to 

8703.35 hectares (ha), however this portion of the right still needs to be executed. 
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1.1.3.3 Time-table, Duration and Sequence of Operations 

Although the economically exploitable, saleable coal reserves exceed well in excess of 60 

years, the mine’s planning is based on a 30 year Life-of Mine Plan. Figure 1-2 illustrates the 

updated Life-of-Mine plan, indicating the timetable, duration and sequence of mining. 

1.1.3.4 Existing Mine Infrastructure 

The key components that make up the Grootegeluk operations are: 

• An open cast pit; 

• Eight coal processing plants; 

• Coal stockpiling areas; 

• Ten discard dumps of which only Dumps 4 and 5 are active; 

• Water management dams and pipelines; 

• Three Slimes dams of which only Dams 1 & 2 and the Cyclic ponds are active; 

• Mine roads and conveyors; 

• A railway line & rapid loadout station; 

• Power lines; 

• Transformers; 

• Locomotive service station; 

• An explosives magazine; 

• Laboratory, change houses and offices; 

• Warehouses; 

• Gates, guard houses and car parks; 

• An explosive storage site; 

• A fuel depot; 

• A waste storage yard; 

• Scrap yard; 

• A reductants plant;  

• A workshop area; 

• New sewage treatment plant;  

• New main gate, access control and associated infrastructure;  
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• Cyclic Operated Coal Slurry Ponds System; and 

• Backfill Conveyor System. 

1.1.3.5 Servitudes 

There are two existing servitudes namely: 

• Eskom power line supplying power to Grootegeluk Coal Mine; and 

• A conveyor belt transporting power station coal product from the mine to 

Eskom’s Matimba power station. 

1.1.3.6 Land Tenure and Land Use 

Principal land uses in the study area include: 

• Agricultural land devoted mainly to game and cattle farming; 

• Residential and industrial areas – i.e. Onverwacht and the towns of Lephalale 

and Maropong. Plans have been made to expand Maropong towards the east; 

• Grootegeluk Coal Mine, which is owned by Exxaro Resources Pty Ltd; 

• The existing Matimba Power Station; 

• Game farms and lodges, including the Manketti Private Nature Reserve 

managed by Ferroland on behalf of Exxaro Resources (Ferroland Trust); and 

• Sewage works on the farms Zongezien 467 LQ and Nelsonskop 464 LQ. 

The Grootegeluk Coal Mine area is fenced with 1.2 m high fencing and also acts as security 

areas. Land not utilised by the mine is currently used as game farming and grazing land by 

Ferroland Trust and is fenced with game fencing. The farms adjacent to Exxaro Coal’s farms 

mostly belong to farmers utilising the land for cattle and game farming. 
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Figure 1-2: Proposed Life of Mine Plan for Grootegeluk Coal Mine 
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Figure 1-3: Grootegeluk Coal Mine Site Locality, Surface Rights and Mine Licence Boundary 
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1.2 DETAILS OF THE PROPONENT 

1.2.1 Name and Address of Mine 

Grootegeluk Coal Mine is owned and managed by Exxaro Coal (Pty) Ltd. The relevant details 

are provided in Table 1-2. 

Table 1-1: Details of Proponent.  

ITEM DETAILS 
Proponent Exxaro Coal (Pty) Ltd – Grootegeluk Coal Mine 

Trading Name Exxaro Coal (Pty) Ltd 

Address Exxaro Coal (Pty) Ltd 
Grootegeluk Coal Mine 
Farm Enkelbult LQ 462 
Limpopo Province 

Mine Manager Ronaldt Mafoko 

Tel no (014) 763 9099 

Mine Owner Exxaro Coal (Pty) Ltd a subsidiary of Exxaro Resources Limited 

 

1.2.2 Details of Mining Right Holder 

Table 1-2: Details of Mining Right Holder.  

ITEM DETAILS 
Name and Address of Mining Right Holder Exxaro Coal (Pty) Ltd 

Grootegeluk Coal Mine 
Farm Enkelbult LQ 462 
Limpopo Province 

DMR Reference Number LP30/5/3/2/1 (46) 
Land Owners Exxaro Coal (Pty) Ltd 

 

1.2.3 Surface and Mining Rights 

Exxaro Resources owns the surface rights of the following farms: 

# FARM NAME FARM NUMBER 
1. Leeuwdrift 312 LQ 
2. Grootegeluk 459 LQ 
3. Daarby  458 LQ 
4. Enkelbult  462 LQ 
5. Hieromtrent  460 LQ 
6. Turfvlakte  463 LQ 
7. Appelvlakte 448 LQ 
8. Nelsonskop 484 LQ 
9. Goedehoop  457 LQ 
10. Eendragtpan 451 LQ 
11. Gelykebult 450 LQ 
12. Gelykebult 455 LQ 
13. Graaffwater  456 LQ 
14. Grotestryd 465 LQ 
15. Groothoek 504 LQ 
16. Vooruit  449 LQ 
17.  Onbelyk 257 LQ 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 11 

Exxaro Resources owns the mineral rights for the Grootegeluk Coal Mine on the following 

farms: 

# FARM NAME FARM NUMBER 
1. Leeuwdrift 312 LQ 
2. Grootegeluk 459 LQ 
3. Daarby 458 LQ 
4. Enkelbult 462 LQ 
5. Hieromtrent 460 LQ 
6. Turfvlakte 463 LQ 
7 Appelvlakte  448 LQ 
8 Goedehoop  457 LQ 

 

Refer to Figure 1-3 for Grootegeluk Coal Mine Surface and Mining Rights. 

 

1.3 DETAILS ENVIRONMENTAL CONSULTANT 

GCS Water and Environment (Pty) Ltd (GCS) is an independent consultancy offering a wide 

range of professional services within the fields of water and environmental sciences, such as 

environmental and water use authorisation processes, ecological and aquatic investigations, 

water quality and dust fallout monitoring, hydrological-, geohydrological and geotechnical 

investigations, amongst others. GCS has been involved in environmental authorisation 

processes and related work for more than 20 years and has been involved in the application 

for authorisation of a significant number of large-scale developments and multi-disciplinary 

projects. The contact details of the environmental consultants responsible for this project 

are provided in Table 2.2 and the CVs are attached as Appendix A.  

 
Table 1-3: Details of the Environmental Consultant 

ITEM DETAILS 

Company Name GCS Water and Environmental Consultants (Pty) Ltd 

Company Representative Gerda Bothma 

Telephone No. +27 (0)11 803 5726 

Facsimile No. +27 (0)11 803 5745 

E-mail Address gerdab@gcs-sa.biz 

Postal Address PO Box 2597, Rivonia, 2128 
 

GCS has no conflict of interest related to the contents of this Report. GCS has no personal 

financial interests in the property and/or activity being assessed in this report. GCS has no 

personal or financial connections to the relevant property owners, developers, planners, 

financiers or consultants of the property or activity, other than fair remuneration for 

professional services rendered for this Report to the Competent Authority. GCS declares that 

the opinions expressed in this Report are independent and a true reflection of their 

professional expertise. As such GCS meets the requirements of an Independent EAP as per 

the NEMA: EIA Regulations (2014, as amended). 

mailto:gerdab@gcs-sa.biz
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1.4 ASSUMPTIONS AND LIMITATIONS 

This EMPR has been drafted with the acknowledgement of the following assumptions and 

limitations: 

• Information used to guide the development of this EMPr was gained through the 

previous EMPr reports and using the Consultant’s experience gained; and 

• The mitigation measures recommended in this EMPR document are based on those 

contemplated in the approved EMPR and subsequent investigations and assessment 

undertaken for the Grootegeluk Coal Mine.  

 

2 POLICY, LEGAL AND ADMINISTRATIVE FRAMEWORK 

This section summarises the policy, legal and administrative framework within which the 

Consolidated EMPr functions and has been updated. 

The Consolidated EMPr has been updated using knowledge of relevant national, provincial 

and local legislation and policy as well as best practice guidelines. Grootegeluk Coal Mine is 

bound to comply with the legislation and policy provisions throughout the life cycle of the 

project.  

2.1 RELEVANT SOUTH AFRICAN LEGISLATION 

In summary the following key legislation is relevant to the Grootegeluk Coal Mine EMPr 

Consolidation Process: 

• Mineral and Petroleum Resources Development Act (Act 28 of 2002) (MPRDA) and 

applicable Regulations; 

• National Environmental Management Act (Act 107 of 1998) (NEMA) and applicable 

Regulations; and  

• National Water Act (Act 36 of 1998) (NWA). 

Other legislation applicable to the project includes: 

• National Heritage Resources Act (Act 25 of 1999); 

• National Environmental Management: Biodiversity Act (Act 10 of 2004); 

• National Environmental Management: Air Quality Act (Act 39 of 2004) and applicable 

Regulations, Standards and Notices published in terms of NEMAQA; 

• National Environmental Management: Waste Act (Act 59 of 2008); 

• Environment Conservation Act (Act 73 of 1989); 

• Various other legislation, regulations, by-laws, policies and guidelines (see 2.3.4). 
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2.2 SUMMARY OF KEY RELEVANT SOUTH AFRICAN LEGISLATION 

2.2.1 Mineral and Petroleum Resources Development Act (Act 28 of 2002) 

The Mineral and Petroleum Resources Act (Act 28 of 2002) (MPRDA) governs mineral resources 

in South Africa, regulates mining and mining authorisations and has as one of its principal 

objectives the equitable access and the sustainable development of the South Africa's mineral 

resources. The Department of Mineral Resources and Energy (DMRE) is the regulatory 

department that approves applications under the MPRDA. 

Section 5(a) of the MPRDA provides that: "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 environmental authorisation". 

The MPRDA requires all mining and prospecting operations and related activities to be carried 

out in terms of the environmental management principles set out in Section 2 of the National 

Environmental Management Act, 1998 (NEMA) and that an Environmental Authorisation (EA) 

be obtained.  

Section 43 of the MPRDA requires every mine to apply for a closure certificate upon inter alia 

the cessation of the mining operations. 

2.2.2 National Environmental Management Act (Act 107 of 1998) 

NEMA is the framework law giving effect to the constitutional environmental right and for 

regulatory tools in respect of environmental impacts. NEMA contains a set of principles that 

govern environmental management and against which all EMPRs and environmental 

management actions are measured. These principles include and relate to sustainable 

development, protection of the natural environment, waste minimisation, public 

consultation, the right to an environment that is not harmful to one’s health or well-being, 

and a general duty of care. Section 24 of NEMA regulates EAs.  

Section 28(1) includes a statutory duty of care, providing that “Every person who causes, has 

caused or may cause significant pollution or degradation of the environment must take 

reasonable measures to prevent such pollution or degradation from occurring, continuing or 

recurring, or, in so far as such harm to the environment is authorised by law or cannot 

reasonably be avoided or stopped, to minimise and rectify such pollution or degradation of 

the environment”. 

In terms of sections 24(2) and 24D of NEMA, the then Minister of Environmental Affairs 

promulgated certain activities that may not commence without an EA. Activities promulgated 

in terms of GN983 and GN9835 require a basic assessment process, while activities 

promulgated in terms of GN984 require that a full scoping and EIA process be conducted. GNs 

983, 984 and 985 are promulgated under NEMA in GG 38282 of 4 December 2014 (as amended).  
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Section 24C(2A) of NEMA indicates that where listed activities are directly related to the 

extraction and primary processing of a mineral or petroleum resource the Minister of Mineral 

Resources and Energy is the competent authority or officials at the DMRE to whom he has 

delegated his authority, being the Regional Managers.  

In accordance with the transitional arrangements that are in place since 2014 when the “One 

Environmental System” aligned the Application for Environmental Authorisation processes in 

terms of the MPRDA for mining related activities with the 2014 EIA Regulations (as amended), 

all EMPRs compiled in terms of the MPRDA by the DMRE is to be considered as authorised in 

terms of the 2014 EIA Regulations (as amended). As such, any amendment of the EMPRs must 

be dealt with in accordance with the requirements of NEMA and the 2014 EIA Regulations, as 

amended. 

Grootegeluk Coal Mine has accumulated a number of approved EMPRs and associated 

addendums related to development projects over the past 20 years and Exxaro which has 

been consolidated into one concise EMPR as far as practicable. This Consolidation EMPR was 

approved by the DMRE in 2014. 

The 2014 EIA Regulations (as amended) allows for the amendment of the approved EMPR, 

should it be required to amend/incorporate additional information influencing the 

environmental impact management actions and outcomes contained within the EMPR in order 

to ensure that the EMPR sufficiently provides for the avoidance, management and mitigation 

of environmental impacts associated with the activities at Grootegeluk Coal Mine, subject to 

submitting the amended EMPR to public review as contemplated within the regulations. The 

final amended Consolidated EMPR will be submitted to the DMRE upon completion of the 

required public consultation for approval. 

2.2.3 National Water Act (Act 36 of 1998) 

The National Water Act (NWA), 1998 (Act No. 36 of 1998) is the primary legislation controlling 

and managing the use of water resources and pollution thereof. It provides for fundamental 

reformation of legislation relating to water resource use. The NWA’s preamble recognises 

that the ultimate aim of water resource management is to achieve sustainable use of water 

for the benefit of all users and that water resources quality protection is necessary to ensure 

sustainability of the nation’s water resources in the interests of all water users. The NWA's 

purpose is stated in section 2 and enforced by the DWS.  

The NWA presents strategies to facilitate sound management of water resources; provides 

for the protection of water resources; and regulates use of water by means of Catchment 

Management Agencies, Water User Associations, Advisory Committees and International 

Water Management. As the NWA is founded on the principle of trusteeship, the government 

has overall responsibility for and authority over water resource management, including the 
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equitable allocation and beneficial use of water in the public interest. Industry (including 

mines) can therefore only be entitled to use water if the use is permissible under the NWA. 

Section 19 of the NWA provides for pollution prevention and requires that a person who owns, 

controls, occupies or uses the land in question, is responsible for taking reasonable measures 

to prevent pollution of water resources. A catchment management agency may take action 

to prevent or remedy the pollution and recover all reasonable costs from the responsible 

party.  

In terms of section 21 of the NWA, certain consumptive and non-consumptive water uses are 

identified and can only commence once authorised. Water use is broadly defined in the NWA 

and includes taking and storing water; activities which reduce stream flow; waste discharges 

and disposals; controlled activities; altering a watercourse; removing water found 

underground for certain purposes; and recreation. Consumptive water uses include taking 

water from a water resource (section 21(a) of NWA) and storing water (section 21(b)). Non-

consumptive water uses include impeding or diverting a watercourse’s flow (section 21(c)); 

altering a watercourse's bed, banks, course or characteristic or impeding the flow of a 

watercourse (sections 21 (c) and (i)); and disposal of waste in a matter that may detrimentally 

impact on a watercourse (section 21(g)). 

Where a water use constitutes a Scheduled 1 Use (permissible use without an authorisation 

requirement); permissible water uses in terms of section 22 of the NWA; or is authorised in 

terms of a General Authorisation (GA), a WUL is not required. Various GAs have been 

published under the NWA, including for Sections 21(c),(i),(g), and (a) water uses. In respect 

of sections 21(c) and (i) water uses, activities can be conducted within 100m of a watercourse 

and 500m of a wetland without a WUL if the impacts to the watercourse / wetland are low. 

Water uses that will be conducted under a GA need to be registered with the DWS. 

Government Notice (GN) 704, promulgated under section 26(1) of the NWA is specifically 

aimed at the protection of water resources associated with mining related activities. It 

provides minimum requirements which need to be adhered to for water resource protection 

on a mine. GN 704 regulates the use of water; management of dirty and clean water 

infrastructure; and related activities at mines. This includes minimum requirements for 

infrastructure that hold dirty water. A mine can apply for exemptions from these 

requirements and could be granted approval, should sufficient management measures be put 

in place to ensure environmental protection. Regulation 4 of GN 704 places some restrictions 

in terms of the locality of certain infrastructure which could have an impact on water 

resources. 
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2.3 SUMMARY OF OTHER RELEVANT SOUTH AFRICAN LEGISLATION  

2.3.1 National Heritage Resources Act (Act 25 of 1999) 

The National Heritage Resource Act, Act 25 of 1999 mainly deals with aspects concerning the 

conservation of cultural resources. The Act stipulates that all cultural and heritage resources 

are the property of the State and may not be disturbed without authorization from the 

relevant heritage authority. Cultural and heritage resources include graves, paleontological 

and archaeological remains, structures older than 60 years and other items of historical 

significance. 

2.3.2 Specific Environmental Management Acts  

Specific Environmental Management Acts (SEMAs), all fall under the auspices of the 

overarching NEMA. To date five SEMA’s have been promulgated: 

• National Environmental Management: Air Quality Act (Act 39 of 2004) 

(NEMAQA) 

• National Environmental Management: Biodiversity Act (Act 10 of 2004) 

(NEMBA) 

• National Environmental Management: Integrated Coastal Management Act (Act 24 of 

2008) (NEMICMA) 

• National Environmental Management: Protected Areas Act (Act 57 of 2003) (NEMPAA) 

• National Environmental Management: Waste Act (Act 59 of 2008) (NEMWA) 

Only applicable acts are further explained. 

2.3.2.1 National Environmental Management: Air Quality Act (Act 45 of 1965) 

The Atmospheric Pollution Prevention Act 1965 (Act 45 of 1965) (APPA) was replaced by 

NEMAQA on 1 April 2010. Although mining operations tend to generate significant dust, mining 

per se does not require an atmospheric emission licence (AEL) in terms of the NEMAQA.  

NEMAQA was promulgated to ensure the protection and regulation of air quality and provide 

measures that will prevent pollution and sustainability. Under NEMAQA, the Minister of 

Environmental Affairs, Forestry and Fisheries must identify substances in ambient air which 

present a threat to health, wellbeing or the environment and establish national standards for 

ambient air quality, including the permissible quantity or concentration of each substance in 

ambient air. 

The National Dust Control Regulations, published in GN 827 of GG 36974 on 1 November 2013, 

provide that an acceptable dust fallout rate for a non-residential area is considered more 

than 600 mg/m2/day but less than 1200 mg/m2/day (30-day average), with maximum 

allowable two exceedances per year, provided these exceedances do not take place in 
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consecutive months. Where the dust fallout rate is exceeded, a dust fallout monitoring 

programme must be developed, as prescribed in terms of the Regulations, and include: (a) 

the establishment of a network of dust monitoring points, using method ASTM D1739:1970 (or 

an equivalent standard), sufficient in number to: establish the contribution to dust fallout in 

residential and non-residential  areas near the premises; monitor identified or likely sensitive 

receptor  locations; and establish the baseline dust fall for the district; and (b) a schedule 

for submitting to the air quality officer dust fallout monitoring reports annually or at more 

frequent intervals, if requested by the air  quality officer. 

Greenhouse gases have been declared priority pollutants under the Declaration of 

Greenhouse Gases as Priority Air Pollutants, published in GN 710 of GG 40996 on 21 July 2017. 

2.3.2.2 National Environmental Management: Biodiversity Act (Act 10 of 2004) 

In line with the Convention on Biological Diversity, NEMBA aims to legally provide for 

biodiversity conservation, sustainable use and equitable access and benefit sharing. NEMBA 

creates a basic legal framework for the formation of a national biodiversity strategy and 

action plan and identification of biodiversity hotspots and bioregions, which may then be 

given legal recognition. It imposes obligations on landowners (state or private) regarding alien 

invasive species. NEMBA requires that provision be made by a site developer to remove any 

aliens which have been introduced to the site or are present on the site. 

The NEMBA also provides for listing of threatened or protected ecosystems in one of four 

categories: critically endangered, endangered, vulnerable or protected. Threatened 

ecosystems are listed to reduce the rate of ecosystem and species extinction, by preventing 

further degradation and loss of structure, function and composition of threatened 

ecosystems. The purpose of listing protected ecosystems is primarily to conserve sites of 

exceptionally high conservation value. Section 53 of NEMBA provides that: 

"(1) The Minister may, by notice in the Gazette, identify any process or activity in a listed 

ecosystem as a threatening process. 

(2) A threatening process identified in terms of subsection (1) must be regarded as a 

specified activity contemplated in section 24(2)(b) of the NEMA and a listed ecosystem must 

be regarded as an area identified for the purpose of that section." 

No notices have been published yet under this section. 

Picking parts of, or cutting, chopping off, uprooting, damaging or destroying, any specimen 

of a listed threatened or protected species is a restricted activity under NEMBA. A permit is 

required for a restricted activity involving a listed threatened or protected (TOPS) species 

without a permit. Chapter 7 of the NEMBA regulates the process for application of a permit 

under NEMBA. The following notices have been published in terms of section 56(1) of NEMBA:  
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• National List of Ecosystems that are Threatened and in need of protection (TOPS List),1 

which contains the National List of Ecosystems that are threatened and in need of 

protection. This includes preventing further degradation and loss of structure, function 

and composition of threatened ecosystems and preserving witness sites of exceptionally 

high conservation value. The purpose of listing threatened ecosystems is primarily to 

reduce the rate of ecosystem and species extinction. 

• Lists of Critically Endangered, Endangered, Vulnerable and Protected Species;2 and 

• Threatened and Protected Species Regulations.3  

Chapter 5 of NEMBA pertains to alien and invasive plants (AIP) and provides that a person 

may not carry out a restricted activity involving a specimen of an AIP without a permit issued 

in terms of Chapter 7 of NEMBA. Such permit can only be issued after a prescribed assessment 

of risks and potential impacts on biodiversity is carried out. Applicable, and exempted AIP 

are contained within the Alien and Invasive Species List 2020.4 

The NEMBA Alien and Invasive Species Regulations5 categorises the different types of alien 

and invasive plant and animal species and how they should be managed. 

2.3.2.3 National Environmental Management: Protected Areas Act (Act 57 of 2003) ( 

NEMPAA is intended to “provide for the protection and conservation of ecologically viable 

areas representative of South Africa’s biological diversity and its natural landscapes and 

seascapes” and provides for the identification and classification of various types of protected 

areas to give effect to this intention and underpinning this intention is the stated objective 

of creating a “national system of protected areas in South Africa as part of a strategy to 

manage and conserve its biodiversity”. These protected areas are to fall on state owned land, 

privately owned land and communally owned land. 

NEMPAA defines various kinds of protected areas, namely: “special nature reserves, national 

parks, nature reserves (including wilderness areas) and protected environments; world 

heritage sites; marine protected areas; specially protected forest areas, forest nature 

reserves and forest wilderness areas declared in terms of the National Forests Act, 1998 (Act 

84 of 1998); and mountain catchment areas declared in terms of the Mountain Catchment 

Areas Act, 1970 (Act 63 of 1970)”. 

The State is the trustee of all protected areas including those defined and administered under 

separate legislation e.g. mountain catchments. The NEMPAA sets out the mechanism for the 

declaration of protected areas (other than those proclaimed under different legislation) and 

 
1 Published under GN1002 in GG34809 of 9 December 2012 
2 Published under GNR151 in GG 29567 of 23 February 2007 
3 Published under GNR152 in GG 29657 of 23 February 2007 
4 Published under GNR 1003 in GG 43726 of 18 September 2020 
5 Published under GNR1020 dated 25 September 2020 
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provides for matters incidental to the administration of these protected areas. The act also 

regulates the National Parks Board. NEMPAA needs to be read along with the NEMBA as they 

have essentially the same underlying objective.  

2.3.2.4 National Environmental Management Waste Act (Act 59 of 2008) 

NEMWA's purpose is to: assist in regulating waste management; ensure the protection of 

human health; and prevent pollution and environmental degradation through sound waste 

management principles and guidelines. It furthermore provides for: 

• national norms and standards for regulating waste management by all spheres of 

government; 

• licensing and control of waste management activities; 

• remediation of contaminated land; 

• a national waste information system; and 

• provision for compliance and enforcement. 

The NEMWA imposes a general duty upon waste holders to take reasonable measures to avoid 

waste generation and, where this is impossible, to: minimise the toxicity and quantities of 

waste generated; reuse, reduce, recycle and recover waste; and ensure that it is treated and 

disposed of in an environmentally sound way. Failure to do so is a criminal offence, with a 

maximum fine of R10 million or imprisonment of up to 10 years, or both. 

It is necessary to hold a waste management licence (WML) for defined waste management 

activities. The then Department of Environmental Affairs promulgated the 2013 WML 

Regulations, which provides that a WML is required for undertaking certain waste 

management activities ("Waste Listed Activities"). The Waste Listed Activities are separated 

into three categories, namely Category A, Category B and Category C. Category A and B Waste 

Listed Activities require a WML, for which either a basic assessment or an EIA process needs 

to be undertaken that complies with the 2014 EIA Regulations. The procedures for licensing 

Waste Listed Activities are stipulated in Chapter 5 of NEMWA. Category C activities do not 

require a WML but must comply with inter alia the Norms and Standards for Storage of Waste, 

2013.  Such facilities need to be registered with the DFFE 90 days before construction 

commences. 

Classification of certain waste streams is required in terms of the Waste Classification and 

Management Regulations,  to ensure that the correct waste management standards and 

disposal methods are implemented. 

The National Norms and Standards for the Assessment of Waste for Landfill Disposal and the 

National Norms and Standards for the Disposal of Waste to Landfill  provide the norms and 

standards for disposal of waste to landfill. 
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The National Waste Information Regulations  regulate the collection of data and information 

to fulfil the objectives of the national waste information system, as set out in section 61 of 

the NEMWA, and includes reporting obligations. A registered person must keep a record of 

the information submitted to the SAWIS or the DFFE. 

2.3.3 Environment Conservation Act (Act 73 of 1989) 

The ECA has now largely been replaced by the NEMA but certain provisions remain in force.  

Section 21 of the ECA relates to the control of activities that may have a detrimental effect 

on the environment, which required written authorization issued by the relevant authority 

prior to NEMA coming into force.  

The national Noise Control Regulations (GN R154 in Government Gazette No. 13717 dated 10 

January 1992) (NCR) were promulgated in terms of Section 25 of the ECA, relating to noise, 

vibration and shock. The NCRs were revised under GN155 of 10 January 1992 to make it 

obligatory for all authorities to apply the regulations. In accordance with the ECA, two 

procedures exist for assessing and controlling noise, respectively: (a) South African National 

Standard (SANS) 10328:2008 “Methods for environmental noise impact assessments”; (c) SANS 

10103:2004 ‘The measurement and rating of environmental noise with respect to annoyance 

and speech communication’; and Other SANS. 

2.3.4 Various other Policies, Legislation, Regulations, By-Laws and Guidelines 

Other policies, legislation and associated regulations (where applicable) by-laws and 

guidelines to be considered include: 

• Protection of Personal Information Act, No. 4 of 2013. 

• Mine Health and Safety Act (Act No. 29 of 1996) 

• Compensation for Occupational Injuries and Diseases Act (Act No. 130 of 1993) 

• Restitution of Land Rights Act (Act 22 of 1994) 

• Conservation of Agricultural Resources Act (Act 43 of 1983) 

• National Forestry Act, No 84 of 1998  

• National Veld and Forest Fire Act (Act 101 of 1998)  

• Hazardous Substance Act (Act No. 15 of 1973) 

• National Development Plan 2030. 

• Spatial Planning and Land Use Management Act, No 16 of 2013. 

• Subdivision of Agricultural Land Act 70 of 1970. 

• Traditional Leadership and Governance Framework Amendment Act, No 41 of 2003  
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• National House of Traditional Leaders Act, No 22 of 2009 

• Municipal Systems Act, No 32 of 2000 

• Provincial Acts and By-Laws  

• Provincial SDF 

• Municipal By-Laws 

• Municipal IDPs and SDFs 

2.4 APPROVED EMPRS 

The approved Grootegeluk Consolidated EMPR incorporates the following approved EMPRs: 

• Grootegeluk Coal Mine EMP, Approved 1993; 

• Grootegeluk Coal Mine EMP, Approved 2004; 

• Amendment for the Medupi Expansion Project, Approved 2006; 

• Construction and Operation of a Sintel Char Plant within the boundaries of the 

Grootegeluk Coal Mine, Approved 2006; 

• New Warehouse, Approved 2012; 

• EMPR amendment for coal silo, coal conveyor and associated infrastructure between 

Grootegeluk Coal Mine and Medupi Power Station, Approved 2010;  

• EMP amendment for the new Laboratory and the relocation of the explosives 

magazine at Exxaro Grootegeluk Coal Mine, Approved 2011;  

• Construction of a new sewage treatment plant, Approved 2011; and 

• EMPR Amendment of the Overland Backfill Conveyor System, Approved 2012. 

These EMPRs form the basis for the Consolidated EMPr. 

Note that the following approved EMP Addenda to the EMPR do not form part of the 

consolidated EMPR and will still be managed as addenda to this document: 

• EMP Addendum for the supporting infrastructure for the COCSPS and New Gate, 

Approved 2013;  

• EMP Addendum for the Grootegeluk Infrastructure Expantion projects, Approved 

2015; 

The following project have been moth-balled and there is currently no plan to implement 

them in future. 

• EMP Addendum for the Char Manufacturing Plan Expansion, Approved 2013; 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 22 

• EMP Addendum for the Market Coke and Co-Generation Plant, Approved 2013 
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3 DETAILED DESCRIPTION OF MINE OPERATIONS 

3.1 MINE INFRASTRUCTURE 

Figure 3-1 illustrates the key infrastructure components as listed in Section 1.1.3.3. The 

most significant and notable components are the open cast pit, which is being developed in 

a westerly direction, the coal beneficiation plants located to the north-east of the pit and 

Discard Dumps 4 and 5 located in the north-western section of the mining area. 

3.2 THE OPEN CAST PIT 

The current mining pit operations cover a surface area of approximately 1223,98ha, the 

current depth of mining in the open pit is 132m deep at its lowest point. 

The Grootegeluk Coal Mine uses the conventional truck and shovel method of mining. The pit 

is located to the west of the plant and is being developed in a south-westerly direction. 

Extractions from the Volksrust and Vryheid Formations differ.  

Grootegeluk does not do selective mining. All benches are mass mined. Primary loading 

equipment consists of rope shovels and hydraulic shovels and wheel bound front end loaders. 

The rope shovels are mainly used to mine coal from benches 2, 3, 4 and 5 because these 

types of shovels are applicable to high faces with flowing material as they have a limited 

digging capacity. Hydraulic shovels are used to mine waste from Overburden on Benches 1A 

and 1B to interburden benches 7A, 8, 10, 12. Front end loaders are used to mine benches 6, 

9A, 9B and 11. Topsoil is removed prior to mining new areas and either stockpiled or 

transported directly to areas in the mine requiring rehabilitation. 

The fleet of haul trucks consists of 200 and 250 ton rear dump trucks that transport 

approximately 81 million tons annually. The dump trucks are diesel-electrically driven and 

are equipped with pantograph systems, making it possible to use electrical power when 

driving up the ramp and out of the pit. In this way diesel consumption is minimized, 

productivity is increased and noise and air pollution are reduced. Diesel-driven rotational 

drills are used to drill the blast holes, before they are primed and blasted. 

The overburden bench is approximately 16 m thick, and consists of weathered and blue shale. 

Top soil pushed into heaps by dozers. It is then loaded by a front end loader onto 80 ton rear 

dump trucks that haul it to top soil stockpiles. Overburden is mined in two benches, 1A and 

1B. It is drilled with a 172 mm rotation drill and blasted. This material is loaded with hydraulic 

shovels onto haul trucks and transported to backfill areas. 

Coal is either temporarily stored on stockpiles on Dump 1 next to GG1 tipping bin or fed 

directly into the tipping bins for use in the coal processing plants. The coal is transported via 

conveyor from the tipping bin to the plants. 
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Figure 3-1: Grootegeluk Coal Mine Infrastructure Layout 
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3.3 COAL BENEFICIATION PLANT 

The processes used to beneficiate the coal product at Grootegeluk Coal Mine include: 

• Heavy medium separation in dense medium cyclones and Teska drums with magnetite 

as medium; and 

• Spiral separation of -1mm pulp fraction. 

These processes are used in different combinations in six plants at the mine. The processing 

plants are situated 600m north-east of the mining area, and occupy an area of 120 ha.  

Grootegeluk Coal Mine has eight existing beneficiation plants. Grootegeluk one (GG1) has 

been in production since 1980. Grootegeluk two (GG2) was commissioned during 1990 and 

Grootegeluk three (GG3) was commissioned in 1992. Grootegeluk four (GG4) was 

commissioned during 1996, Grootegeluk five (GG5) during 1998, Grootegeluk six (GG6) in 

2006, and Grootegeluk seven and eight (GG7 & GG8) was commissioned in 2015. 

3.3.1 Grootegeluk One (GG1) – Coking, PCI and Power Station Coal 

The GG1 plant comprises: 

• Bradford drum crushers to break the ROM coal down to -150 mm. The crusher waste 

arising is reduced to -150 mm in a jaw crusher and discharged onto the waste 

conveyor. 

• A screening plant where the crusher product is screened into two fractions (-150 and 

-15 mm) and transported to storage silos as feed for the heavy-medium drum and 

heavy-medium cyclone plants. 

• A heavy-medium drum plant where the coal is separated from the shale by means of 

magnetite as a heavy medium in the Teska drum separator. The shale, which sinks in 

the process, in discharged onto the waste conveyor and the coal, which floats, is 

crushed further to -10 mm before being transported to the secondary cyclone plant. 

• A primary cyclone plant where the coal is separated from the shale using magnetite 

as a heavy medium. The sink product is treated as waste, while the float product is 

transported to the secondary cyclone plant. 

• A secondary cyclone plant where the middlings are separated from the coking coal. 

The float product is sent to the coking coal blending beds, while the sink product is 

transported to the middlings stockpile. 

• A flotation and spiral plant where the following processes take place: -0,5 mm 

material is removed from the feed after each heavy medium separation and pumped 

to the flotation plant, where the coking coal and the middlings are separated using 

power paraffin as a collector and flotanol as a foaming agent in the flotation process. 
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This plant receives its feed from benches 2, 3 and 4. The ROM is tipped into 3 dedicated 

tipping bins. The ROM is sent through Bradford breakers that remove about 1.5-2% discard. 

The rest of the three streams feed the breaking and screening plant (Area 01) at a rate of 

±1100 tph each. Here the ROM is screened into two fractions, namely: the 18 mm to 150 mm 

fraction which is sent to the Area 03 silos and the < 18mm fraction which is sent to the Area 

02 silos.  

From the Area 02 silos (5 of them), the material is sent to 5 cyclone modules where the coal 

is beneficiated into product and discard. The beneficiation process splits the coal based on 

its specific gravity relative to that of the dense medium in the plant. The medium density is 

determined by the ratio of magnetite powder to water. The magnetite is separated from the 

product and discard prior to product and discard leaving the plant. The product from Area 02 

is fed into the Area 04 silos, the discard reports to the PC1 discard conveyor.  

From the Area 03 silos (also 5), the material is sent to 3 Teska modules where the coal is 

once again beneficiated into product and discard via a similar process. The product is first 

crushed and then added to the Area 04 feed to the silos. The discard is sent to the PC1 

conveyor which takes the discard to the pit to be placed by the in pit backfilling system.  PC1 

can also take material to the 1400 stacker on Dump 4&5 that remains active.  

From the Area 04 silos (also 5 modules), the material is sent to 5 cyclone modules, where the 

feed is once again beneficiated at `a lower relative density to produce two products namely 

power station coal (PSC) and semi soft coking coal (SSCC). This is called secondary 

beneficiation. The power station coal is sent via a conveyor to the PSC beds and the SSCC is 

sent via a conveyor to the GG1 SSCC beds, where the products are stacked. 

3.3.2 Grootegeluk Two (GG2) – Eskom (GGE) – Power Station Coal 

This plant employs the same separation processes as the GG1 plant; however, there are three 

major differences: 

• The top size of the GGE beneficiation product is 35 mm, and that of GG1 is 15 mm. 

• The Eskom plant employs a single-stage process; it only separates waste and power 

station coal. 

• This separation is done at a relative density of 2 g/cm3. Fines beneficiation in the 

plant is done on a decentralised basis at each module by means of spirals. The GGE 

plant therefore has only one product, namely power station coal. 

This plant receives its feed mainly from bench 5. The coal is tipped into 2 dedicated tipping 

bins and sent through a Bradford breaker that removes about 1.5-2% of the discard. The 

material is fed to the screening plant at 1200 tph. Here the coal is screened into two 
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fractions, namely: the 37mm to 150mm fraction, which is sent to the drum plant silos and 

the < 37 mm fraction, which is sent to the cyclone plant silos.  

From the cyclone plant silos (modules 33, 34 & 35) the material is sent to 3 cyclone modules 

where the coal is beneficiated into PSC and discard. As with GG1, the beneficiation process 

splits the coal based on its specific gravity relative to that of the dense medium in the plant. 

The PSC is conveyed to Area 15 for stacking and drying where it is dispatched to Matimba via 

conveyor. The discard reports to the PC1 discard conveyor. 

From the drum plant silos (module 22 and 23), the material is sent to 2 Teska modules where 

the coal is once again beneficiated into PSC and discard via a similar process. The product is 

first crushed and then joined to the cyclone plant product for stacking at the product 

stockyard. The discard is sent to the PC1 conveyor as mentioned above. 

3.3.3 Grootegeluk Three (GG3) – Power Station Coal 

The ROM comes from benches 6 and 9A of the pit. This is once again tipped into a tipping bin 

and is sent through a drum breaker. Again, 2% discard is removed. The remaining coal is sent 

at a rate of ±900 -1,100 tph to a breaking and screening house, where the ROM is screened 

to remove all undersize before the oversize is crushed. The two streams are combined and 

sent to the Matimba silo, where the coal is stacked as PSC. 

3.3.4 Grootegeluk Four (GG4) and Grootegeluk Five (GG5) – Metallurgical Coal and PCI 

The plant receives its coal from benches 9B and 11. The same tipping bin as GG3 is used for 

this material. The feed is diverted just before the GG3 screening house, where it is stacked 

on separate B9B and B11 stockpiles. From the stockpile the coal is fed batch-wise through a 

crushing and screening plant which reduces the size to less than 45 mm. The coal is classified 

into < 12mm material and >12 mm material. The < 12 mm material is beneficiated in two 

cyclone modules in GG5. The GG5 product is sent via conveyors to the PCI product beds, 

where it is stacked. The GG4 products are combined on a product conveyor and sent to the 

wet screening plant. Here the products are separated again before being stacked on the peas 

and small nuts beds. The discard from both GG4 and GG5 are also added to the PC1 conveyor. 

3.3.5 Grootegeluk Six (GG6) – Semi-Soft Coaking Coal 

This plant receives its feed from benches 2, 3 and 4. The material is tipped into a dedicated 

tipping bin and sent through a Bradford breaker that removes about 1.5-2% discard. The 

material is fed at 1,500 tph to the screening plant and screened into two fractions namely: 

the 37 to 150 mm fraction, which is sent to the drum plant silo and the < 37 mm fraction, 

which is sent to the cyclone plant silos.  

From the cyclone plant silos (modules 31 and 32), the material is sent to 2 cyclone modules 

where the coal is beneficiated into product and discard. The beneficiation process splits the 

coal based on its specific gravity relative to that of the dense medium in the plant. The 
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product from the cyclone plant is fed to the GG6 secondary plant silos and the discard reports 

to the PC1 discard conveyor. 

From the drum plant silo (module 21), the material is sent to a Teska module where the coal 

is once again beneficiated into product and discard via a similar process. The product is first 

crushed and then added to the cyclone plant product for transport to the silos of the 

secondary plant. The discard is sent to the PC1 as mentioned above.  

From the GG6 secondary plant silos (modules 902 and 903), the material is sent to 2 cyclone 

modules, where the feed is beneficiated at a lower relative density to produce two products, 

namely power station coal and semi-soft coking coal. The power station coal is sent via a 

conveyor to the PSC beds and the SSCC is sent via a conveyor to the GG1 SSCC beds, where 

the products are stacked. The Discard from here is also taken to PC1 which takes the discard 

to the pit to be placed by the in pit backfilling system.  PC1 can also take material to the 

1400 stacker on Dump 4&5 that remains active. 

3.3.6 Grootegeluk Seven (GG7) and Grootegeluk Eight (GG8) – Power Station Coal 

The GG7 and GG8 plants comprises of similar systems as described above for GG1 to GG6. 

The plant includes crushing and screening plants to reduce the size to less than 100 mm. The 

coal is then washed and separated using DMS as described above. Discard from the plants are 

transported by conveyor to the pit via the in pit backfill system. Coal product will be 

stockpiled on the GG7 and GG8 stockpile area prior to transportation to the Eskom’s Medupi 

power station. The GG7 and GG8 plants are designed in such a way that no coal slimes are 

produced in the process. This will be done by means of filter press or similar technology. The 

discard for this facility is also taken to the in pit backfilling system or the 1400 on Dump 4&5, 

via the PC1 conveyor. 

3.3.7 Crusher Plants 

Each crusher plant comprises a primary twin-roll crusher, a secondary rotary-drum breaker, 

a tertiary rotary-ring crusher and a screening tap and produces about 1 000 tons of -35 mm 

power station coal per hour. No beneficiation is done here. 

3.4 MINE DISCARD DUMP AND DISCARD STOCKPILES 

The mine uses a number of discard dumps for disposal of mining waste. A number of these 

dumps are adjacent to each other and over time have become connected, and are therefore 

considered together in the six discard dump areas.  

The following discard dumps and discard stockpiles are present on the site: 

• Dumps 1, 2 and 3; 

• Dumps 4 and 5; 
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• The Kidney Stockpile;  

• Dump 6; 

• Renoster Dump;  

• The Backfilling in-pit disposal; and 

• The Tyre Dump.  

All detail issues concerning dump construction, type of residues, final extent of dump, 

construction methods, safety and risk, etc. are covered and compiled in the Mandatory Code 

of Practice for Mine Residue Deposits (MCP for MRD). This was compiled according to the 

Department of Minerals and Energy’s (DME) Guideline document Ref. DME 16/3/2/2-A1. 

Only Dumps 4 and 5 and the in pit backfilling system is currently operational, and discard 

from the plant put on the PC1 conveyor that takes the material to the In-pit backfilling system 

or it is temporarily stored on the Kidney Stockpile prior to deposition on dumps 4 and 5 by 

conveyor. Currently, overburden and discard from the pit are backfilled directly into the pit. 

All discard from operational plants is disposed of on dumps 4 and 5 or taken to the pit via the 

overland in-pit backfilling conveyor system where it is placed according to the approved 

methodology described in the EMPR (2004). The bottom portion of Discard Dumps 4 & 5 has 

reached its end of life and only the 1400 system remains operational. 

As with any coal mine, spontaneous combustion of the discard dumps is a continuous 

challenge. Red sand and overburden is currently used to cover the waste dumps in order to 

control and minimize such spontaneous combustion. To ensure that spontaneous combustion 

does not occur, the discard needs to be covered within 30 days of placement on the dumps. 

The six dump areas are described below: 

3.4.1 Dumps 1, 2 and 3 

Dumps 1 and 2 were constructed with overburden, as was most of Dump 3. However, the top 

capping of Dump 3 also consists of interburden. The original dump was constructed early in 

1980 by loose tipping of material during the construction phase of the mine. It was a single 

dump for some time, until a haul road was constructed through the middle of the dump, 

splitting it into two approximately equally sized dump areas of about 5 hectares each. The 

average height of the dumps is 41.3 m and together they cover an area of approximately 78.6 

ha.  

Currently, dump 1 is used as a foundation for some on the mine’s infrastructure, including: 

• Lookout area & Mining Green Area is positioned on dump 1 as well as the tipping bins 

for GG1 and GG2; and 
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• Various haul roads leading in and out of the pit have been constructed on these 

dumps, as part of the mining haul road system.  

Earth bund walls have been constructed alongside all the gravel roads in this area as a safety 

measure and also as a means of controlling storm water. 

3.4.2 Dumps 4 and 5 

Dumps 4 and 5 form the largest discard dump area to the north of the pit. These dumps 

contain coarse coal discard from the plants which contains sufficient carbonaceous material 

to cause spontaneous combustion in widespread areas which requires continuous 

management to control and mitigate. The dump will encompass an entire surface area of 

approximately 759 ha once full capacity is reached. The dump is split into a lower system 

and an upper system with a combined height of approximately 82m.  

The dumps were constructed by loosely tipping overburden with two stackers, one for the 

upper and one for the lower system. Both the upper and lower systems are fed from a common 

kidney stack. A two-phase stacking system is used for stacking the waste material on the 

discard dump, which is called Up and Down stacking. Both these methods are used on the 

lower and upper system. Currently only the upper 1400 system remains operational. 

Overburden as well as red sand are dumped on top of the dump to seal it off from air ingress 

in order to reduce the risk of spontaneous combustion. To prevent spontaneous combustion 

successfully, the newly placed discard needs to be sealed within a 30 day period.  

Earth bund walls are constructed alongside all the gravel roads and on the edges of the top 

surface areas of these dumps as a safety measure and also as a means of controlling storm 

water. 

3.4.3 The Kidney Stockpile 

The kidney stockpile is a small dump located at the foot of Dumps 4 and 5. Coarse discard 

from the beneficiation plants is conveyed to the stockpile and temporarily stored prior to 

deposition on Dumps 4 and 5 by conveyor. 

3.4.4 Dump 6 

Dump 6 is located to the east of the pit and is mainly comprised of interburden material, 

resulting in isolated areas of spontaneous combustion. The dump was constructed in 1980 

with an area of approximately 88.76 ha and an average height of 34.6 m. The construction 

method was loose tipping from haul trucks at the natural angle of repose of the material. No 

formal compaction of the dump has been carried out. An earth wall was constructed around 

the top edge of the dump to prevent erosion by storm water running down the slopes. 
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3.4.5 Renoster Dump 

The Renoster Dump consists primarily of overburden and is located south of the pit. Dump 

“B” of the Renoster Dump encompasses an area of approximately 84.35 ha at an average 

height of 22 m. At Dump “A”, area dumping is done over an area of approximately 5.0 ha and 

at a second average dumping level of 9 m.  

Dump “A” is constructed by area dumping with haul trucks, after which the material is dozed 

level. Dump “B” is constructed by loosely tipping over-burden discard with haul trucks at the 

angle of repose. No formal compaction has been applied to the side slopes, but some 

compaction has occurred on the surface due to earth moving equipment travelling over the 

surface. The material in the dump has been partially recovered for use by Eskom in the 

expansion of the Medupi Power Station.  

An earth wall was constructed on the top edge to prevent water from running down the side 

slopes and causing erosion. 

3.4.6 Tyre Dump 

The tyre dump was constructed to the west of the pit by loosely tipping overburden and 

interburden containing carbonaceous material from haul trucks at the natural angle of repose 

of the material. No formal compaction was applied on the side slopes, but the top surface 

which was compacted by the earth moving equipment transporting the material onto it. The 

dump is approximately 15.6 ha in area and 12.7 m high. An investigation into rehabilitation 

options for the dump indicates that the dump has four separate depositional nodes as follows: 

• Node 1 (bottom of dump) – coal and carbonaceous material (276,358 m3);  

• Node 2 – Overburden mainly sand, shale and blue shale (491,875 m3);  

• Node 3 - Coal slimes (97,600 m3); and 

• Node 4 (top of dump) - Overburden mainly sand, shale and blue shale (379,148 m3). 

The overburden deposition was historically used to limit spontaneous combustion; however, 

some isolated patches of spontaneous combustion are evident on the dump.  

An earth wall was constructed on the top edge to prevent water from running down the side 

slopes and causing erosion. 

3.4.7 Backfilling In-pit Disposal 

Backfilling in-pit disposal consist of both the Level 1 (Figure 3-2) and the Level 2&3 method 

described below.  

Construction’s Practice for Level 1 - Inter-burden Back Filling (EMPR 2004): 

• Each year a compartment will be constructed as the “Second Year Compartment”.  
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• Back filling will commence from the North side of the pit by dumping towards the 

South 100m wide strip and about 30m high (maintaining elevation +812-813) of the 

reactive material from benches 1A, 7, 8 and 10. 

• The West slope of this strip will be sealed on a continual basis (maximum within 8 

weeks of the slope’s exposure, time found by mathematical risk model, as the critical 

time for spontaneous combustion of slope’s exposure, research by Dr SA Adamski). 

This slope cover layer will be constructed 20m thick of weathered material 

(overburden) from bench 1A. 

• The surface area of the inter-burden compartment will be compacted and sealed 

continuously by the earthmoving trucks, which transport the material, moving over 

it. This compacted surface won’t be left exposed to the atmosphere for a maximum 

period longer than three months because that is the time found by the mathematical 

risk model which indicate it as the critical time for spontaneous combustion to 

develop and begin (research by Dr SA Adamski). A cover layer with a minimum 

thickness of 3m will be constructed using the weathered material from Bench 1A. 

This layer will also be compacted during placement with the trucks transporting the 

material doing the compaction. 

 
Figure 3-2: Illustration of the Backfilling In-pit Disposal Practice (Level 1) at the 

Grootegeluk Coal Mine 

Construction’s Practice for Level 2 &3 – Plant Discard Back Filling 
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• With the in pit discard spreader system becoming operational discard is fed to the 

system via the upper and lower conveyor system from the plant. This is also the 

current primary destination for the discard.. 

• Discard is still be deposited in a pocket or compartment of planned height and width. 

• To prevent spontaneous combustion the extendable conveyor platform as well as the 

side seals of 50m are built with overburden material. 

• Level 2 which is the lower spreader system as well as level 3 which forms part of the 

upper spreader system are sealed with a 3 m top layer of overburden material as the 

pit advances. 

• The only minor change due to the conveyor system is that the slope of the front of 

the advancing discard compartment will consciously be sealed with new discard as 

the system advances within the pit. If there are delays in the placement of discard 

overburden will however also be used to seal this area to prevent spontaneous 

combustion. 

• When running optimally the system needs to advance a minimum of 10 m per month 

with conveyor movement action every 60 m which will assist with minimizing and 

preventing spontaneous combustion. 

3.5 COAL PRODUCT STOCKPILES 

3.5.1 G1 to GG6 Stockpiles 

Product stockpiles are all situated at the north-east section of the plants. All the product 

stockpiles are lined to some degree depending on the age of construction. GG1 to GG6 

stockpiles have a lining and drainage system. The combined area of the GG1 to GG6 stockpiles 

is approximately 60 Ha. The system for the older stockpiles (GG1 to GG5) consists of a 

compacted bed with perforated pipes covered with thick filter cloth material. The filter cloth 

was covered with approximately 1 m of drainage stones. GG6, which is fairly new, was lined 

according to the current standards regarding the construction of stockpiles as required by 

DWA. The drainage pipes discharge into drainage channels at the sides of the stockpiles. This 

water is then either channelled towards the Bosbok dam or the channel to the pit where the 

water is stored in sumps for reuse in the process plants. The mine is currently in the process 

of lining ad recommissioning the Olifantskop dam to minimize the water reporting pack to 

the in-pit sumps. 

3.5.2 GG7 and GG8 Stockpiles 

The GG7 and GG8 stockpiles are currently operational. The stockpile is suitably lined with a 

geo-membrane liner. Dirty storm water from the stockpile are captured via the drainage and 
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storm water runoff channels which are routed to the Bosbok dam, where the water can be 

recovered for reuse. 

3.5.3 Short Term Stockpiles 

The short-term stockpiles are authorized for the storage of coal for no longer than a 5-year 

period, after the area is impacted and a Type 4 liner is put in place. These areas will then 

either be picked-up and the area cleaned. It further use is required these stockpiles needs to 

be lined with the appropriate C-class liner. These stockpiles are licensed as short-term 

stockpiles in the mine WUL. 

3.5.4 Veldt Stockpiles 

The Veldt stockpiles are unlined compacted areas where excess product is stockpiled 

depending on the market demand and availability. The coal is moved to these areas via Front 

End Loaders and is later recovered in the same manner. The areas used as Veldt stockpiles 

have previously been disturbed by the operations. The Veldt stockpile volumes are controlled 

in order not to exceed 100 000 tons. The runoff from the Veldt stockpiles is collected in the 

existing plant water management system and seepage is monitored and controlled as part of 

the mine’s on-going groundwater management system.  

Since 2013 the SSC Veldstapel has been replaced by GG6 lined stockpile.  The footprint of 

the Char stockpile is in the process of being cleaned and removed. 

The current Veldt stockpiles remain:  

•  Bulk Magnetite receiving stockpile (inert material no lining required) 

• Rail Dispatch wagon cleaning area 

• GG 3,4&5 Veld stockpile 

 
The following strategy was put in place in to manage the Veldt Stockpiles: 

• No unauthorised disturbance of any portion of the site is to take place (refer to 

SPI/GG.H03.004 – Environmental Authorizations); 

• The mine is dedicated to minimizing these stockyards footprint areas through the 

timely loadout of these areas as well as continuous cleaning of spills in an around the 

plant area; 

• The impact area of these process stockpiles are managed within the allocated area 

by the timely load out of material and the continuous cleaning of areas; 

• No new veld stockpile areas will be created.; 
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• All bulk materials handling of carbonaceous material in the plant area will be 

approved by the relevant Plant Superintendent; and 

• The mine is dedicated to systematically either concreting these areas or lining the 

remaining unlined product stockpiles areas as per the WUL. Professional designs for 

the lining of these permanent stockpiles will be completed and implemented in a 

priority sequence to ensure legal compliance for all process stockpiles. 

3.6 SLIMES DAMS 

Slimes from the coal beneficiation plant are pumped to purpose-built slimes dams to the 

north-east of the plant. The total area of the slimes dam facilities is 115 ha. The slimes dams 

at one time consisted of 5 compartments, of which Slimes dams 1 and 2 are now joined into 

a continuous unit and Slimes dam 4 has been completely recovered, leaving three footprints. 

The current method of construction is by spigotting line along the top perimeter of the dam 

wall. The current slimes dams are: 

• Slimes dam 1 and 2 which are joined together and are currently used for deposition 

of slimes from the beneficiation plants. The Dams 1 and 2 unit has a footprint of 

approximately 61.42 ha and is currently 37.4 m high. Slimes are pumped via an above-

ground pipeline running from the plant to the surface of the dam. Water from the 

dam collects in a pool on the surface and is discharged to a small return water dam 

for re-use in the plant. Water management is described further in section 4.8.6; 

• Slimes dam 3 was fully reclaimed and the Cyclic pond facility.  The detail on the 

cyclic ponds is available in the Grootegeluk Main Gate and Cyclic pond EMPr addenda 

approved 2013;  

• Slimes dam 5, although decommissioned is current being used for the deposition of 

material recovered from the cyclic ponds, should the material pose to wet to 

immediately recover to Eskom as product.  This is managed to ensure that the license 

quantities are not exceeded. The long-term in intent is to fully recover this footprint. 

The water outflow from the penstock of slimes dam 1&2 and the cyclic ponds forms a closed 

circuit with the cement dam from where water is recovered to the beneficiation plants. The 

facilities are currently unlined and seepage to groundwater is evident at the site. A sub soil 

seepage trench is located approximately 100m to the north-east of the cyclic ponds and is 

used to intercept seepage water from the dams. Surface water runoff from the dams is 

captured in the Mamba Dam. 

3.7 WATER POLLUTION MANAGEMENT FACILITIES 

There are four pollution control dams, namely the Mamba dam at the slimes dam area, Bosbok 

dam north of the plant area and the Oliphantskop dam south of the plant area as well as the 
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Reductant PCD to the south of the reductants facility. The dams collect dirty storm water 

from the plant and the slimes dam area. This water is then recycled and re-used as process 

water. 

The Mamba dam, completed and commissioned in 2004, has a subsoil drain, sealed bitumen 

and concrete liner and is designed to cater for a 1:50 year rainfall event. The Bosbok dam 

was lined during 2007 to 2008 and only the Oliphantskop dam is currently in the process of 

being lined. The Reductant PCD was also relined with an HDPE liner. 

Storm water channels collect storm water from the plant area from where it is allowed to 

free flow to the pit via the channel to pit. From the pit sumps the water is then pumped back 

to the beneficiation plants for re-use as process water. 

3.7.1 WP Slimes Sump 

The WP slimes sumps have been decommissioned and the areas cleaned out of all slimes.  

Clean material was compacted in this area and the area are used or laydown areas. The 

channel leading to the Olifantskop dam will however also be re-unstated once the Olifantskop 

dam is put back into operation after being lined. 

3.7.2 Oliphantskop Dam 

The Oliphantskop Dam is located between the beneficiation plants and Dump 6. The dam is 

currently being lined and the facility will be recommissioned early in 2023. Once 

recommissioned it will receive the flow from the plant thereby minimizing the water that 

reports to the pit via the in pit channel.  It will also receive the water pumped from the pit.  

Water from here will then be distributed for re-use in the beneficiation plant area. The 

licensed capacity of the dam is 114 300m3. 

3.7.3 Buffer Dam 

The buffer dam is adjacent to the Oliphantskop dam to which it is connected via a permeable 

barrier. The Buffer dam was originally a calcrete pit, and was originally lined with clay but, 

due to a lack of operational continuity, the clay dried out and cracked and this dam can now 

be considered as unlined. The buffer dam is currently not part of the active water 

management system, but it does contain water which is captured during rainfall events. The 

licensed capacity of the dam is 94 500m3. 

3.7.4 In-Pit Storage – Bench 11 and 13 Sumps 

The site water management system currently uses open pit storage for storage of excess 

process water and runoff for re-use in the process. The in-pit storage comprises of two areas, 

namely the Bench 11 and Bench 13 sumps. Bench 11 sump is maintained at a higher elevation 

in the pit than Bench 13 sump. The location of the Bench 13 sump changes as mining 

progresses and new sumps are dug as required.  
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Runoff and process water from the plant area is routed to the Bench 11 sump via the channel 

to pit. Water from Bench 11 then drains through the backfill until it settles in the Bench 13 

sump. Runoff from the pit area is also collected in Bench 13 sump.  

Water in the Bench 13 sump has a low pH indicative of acid rock drainage from the exposed 

geological units in the pit and due to the water movement through the Backfill. The water 

from this sump is lime dosed so as to neutralize the pH before it is recovered back to the 

beneficiation plant for reuse. 

3.7.5 Voëltjie Dam 

The Voëltjie dam is a licensed unlined clean water dam located to the south of Dump 6 on 

the Turfvlakte farm. The dam was originally formed from a calcrete borrow pit and it has 

received mine water from the pit in the past. The Oliphantskop dam and runoff from the 

plant areas were considered to be part of the plant’s dirty water system. The Voëltjie dam 

is no longer part of the mines water management system and is divided into two sections, of 

which the smaller portion is fed with clean water from the Mokolo dam for game and bird 

watering. The rest of the dam is no longer in use, but will receive storm water from the 

Oliphantskop dam during 1 in 50 year rainfall event. The licensed storage capacity of the dam 

is 21 472m3. 

3.7.6 Dam 20000 / Bosbok Dam 

Bosbok Dam is located between the main stockpiles and the tailings dam. The dam is lined 

and collects storm water runoff from the plant and stockpile areas. The dam collects runoff 

from the Area 6 kidney stockpile and the blending beds. The Dam was upgraded in 2007/2008 

to install a natural clay liner and increase the capacity to handle a 1/50 year event with 0.8 

m freeboard. Overflow from the dam during a 1:50 year flood will flow in to the veldt from 

where it will flow towards Mamba dam along the existing natural drainage lines. This dam is 

also used for storage of recycled water from the slimes dams prior to use in the processing 

plants. The licensed capacity of the dam is 114 450m3, with an 18 500m3 silt trap area. 

3.7.7 Storm Water Dam North of Dump 6 

This unlined dam is in a low lying area and receives storm water runoff from the areas in 

front of the workshop area where equipment is parked. Should there be a 1:50 year flood the 

overflow forms the wash bays will also report to this area. Currently this water is allowed to 

evaporate. The licensed capacity of this dam is 50 520m3. 

3.7.8 Slimes Dam Water Management – Mamba Dam and the Return Water Dam 

There are two water management dams at the slimes dam facilities: 
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• The concrete and HDPE lined Mamba dam receives storm water runoff from the slimes 

dams and is designed to contain a 1/50 year return event with a spillway into open 

veldt; and 

• A small return water dam also known as the “Cement Dam” collects water from the 

surface of Slimes Dams 1 & 2 via a penstock system. Water from the Cyclic Ponds 

return water dams and the Mamba dam also reports here before the water is either 

pumped back directly to the plant or the Bosbok dam for reuse. 

The operation of these dams is such that, if required, storm water from the Mamba dam can 

be discharged into the return water dam via a valve and pumped to the plant or Bosbok dam. 

In addition, the return water dam has a fixed level overflow pipe that allows for water in the 

RWD to discharge to the Mamba dam. 

If the capacity of pumps in the return water dam is exceeded, water overflows to the Mamba 

dam and backs up in the seepage trench. Once the balance is re-established the water can 

then be pumped back to the cement dam. The licensed capacity of the Cement Dam is 

1 782m3 and 73 000m3 for the Mamba Dam. 

3.7.9 Cyclic Ponds Return Water Dam 

The Cyclic Ponds Return Water Dam (RWD) consists of two separate but connected paddocks. 

Water within the RWD will be pumped to the existing Cement Dam via a new pipeline. From 

the Cement Dam it will be returned to the plant in an existing pipeline. 

The RWD is lined with a geo-membrane and sealed with concrete, and located to the north 

of the COCSPS. The footprint of the dams are approximately 2.9 ha with a wall height of 4.9m 

and they have a licensed capacity of 49,900 m3 each. The dam was designed to retain water 

during a 1/50 year storm event with a 0.8 m freeboard as per the requirements of Regulation 

704 under the National Water Act. 

3.7.10 Subsoil drain / Seepage Trench at the Slimes Dams 

A groundwater seepage trench is located just to the north-east of the cyclic ponds facility 

and runs in a south-easterly direction. The trench is approximately 1 km long and it collects 

seepage and some storm water runoff from the slimes dams. Water from the trench is pumped 

to the Mamba dam, from where it is recycled to the plant as process water. 

3.7.11 Groundwater De-watering Boreholes at the Plant Area 

The groundwater levels to the north of the Daarby Fault (near the plant, waste dumps, 

workshops and slimes dams) have increased significantly since the start of mining and 

beneficiation of coal as a result of spillages, unlined surface storm water dams and historical 

management of water use. Historically water was used for cleaning purposes in the plants as 

well as the surrounding areas around the plants and this runoff all accumulated in the unlined 
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storm water dams, thereby inducing artificial recharge. The quality of this groundwater has 

also been impacted due to the nature of the sources feeding the increased recharge (water 

from mining and coal beneficiation). The increased water levels have the potential to result 

in stability problems for plant infrastructure in the area. To mitigate these impacts, a series 

of groundwater abstraction boreholes have been installed to partially lower the ground water 

level, contain the pollution plume in this area and reduce the demand from for raw water 

from the Mokolo dam. The abstraction boreholes are also used to monitor the groundwater 

quality in these areas. The site holds a water use licence that allows for the extraction of up 

to 2,400,000 m3 of water per year from these boreholes. 

The borehole abstraction system consists of 20 boreholes that are licensed and pumped as is 

required. 

3.7.12 Reductant Plant Pollution Control Dam 

All storm water and spillage water from the Reductant plant is collected in the Reductant 

plant pollution control dam. The overflow of this dam is diverted via a series of channels to 

the Bosbok dam. The dam is lined with an HDPE liner and its licensed capacity is 12 828m3. 

3.8 SEWAGE TREATMENT FACILITIES 

3.8.1 Oxidation Dams 

The old sewage effluent treatment facility consisted of four unlined oxidation ponds arranged 

in series, which receive sewage effluent only from the mine. Only two of the ponds were in 

use during the operation of this facility.  

These ponds have been decommissioned but is retained for emergency disposal should the 

new sewage water treatment plant have a breakdown 

These ponds are not located within a watercourse, and they are located above the 1:100 

flood lines, more than 100 m from the edge of a water resource or borehole used for drinking 

water or stock watering.  

The ponds were built with calcrete and the boreholes drilled to detect seepage is still 

monitored as pa of the ground water monitoring system. No evidence of seepage has been 

found to date.  

3.8.2 New Sewage Treatment Plant 

The new sewage water treatment plant (SWTP) is currently operational and had replaced the 

oxidation ponds. 

The SWTP has a 500 m3/day capacity and is a self-contained packaged plant. Which implies 

that all the operations and treatments take place in one unit, divided in this case into four 

chambers. After being screened of extraneous solids, the raw sewage flows into one end of 
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the plant, while suitable purified effluent is discharged from the other. These four chambers 

assist in the breakdown process, which occurs in the following discreet stages: 

• Chamber 1: The first Primary Settler 

In this chamber the effluent is allowed to separate into three layers. These are the 

settling material, the floating material and the “middle cut”. The top and bottom 

layers contain mostly insoluble material, while the middle layer contains most of the 

liquid from the effluent. This liquid contains predominantly suspended and dissolved 

sewage solids and bacteria; those present in the raw sewage plus those specifically 

added to the system. These bacteria start the breakdown process in this chamber. 

No oxygen is added and any oxygen that is present in the in-flowing material is quickly 

used up. This chamber is therefore essentially anaerobic or anoxic, “free of oxygen”. 

• Chamber 2: The second Primary Settler  

The middle cut flows through to this chamber where the breakdown initiated in 

Chamber 1 is continued. This section is still totally anaerobic and the breakdown is 

mediated by anaerobic and mesophyllic bacteria. Because this chamber is essentially 

liquid, the bacteria have easy access to the contaminants, especially the  dissolved 

molecules. The macro-molecules and other solids are broken down to smaller 

molecules, mostly fatty acids and other monomers, (which flow through to the next 

chamber) and methane, (which escapes to the environment). 

• Chamber 3: The Oxidation Stage  

This chamber is packed with blocks of inert material, having a very large surface area 

to volume ratio. In addition air is introduced as a stream of fine bubbles. The sewage 

containing the partly digested contaminants mixes with the oxygen-saturated liquid 

(coming from fine bubbles of air pumped into the effluent). The oxygen and the partly 

digested sewage components from the previous stage percolate over the sheets of 

inert media blocks, covered by aerobic and mesophyllic bacteria. Here the digestion 

is completed and the carbon component is finally removed from the effluent as 

carbon dioxide, which also escapes to the atmosphere. This stage is also called the 

Bio-filter, or the aerobic stage (“in the presence of oxygen”) 

• Chamber 4: The Final Settler 

In this stage the last traces of solids are allowed to settle out. As there is very little 

of the original sewage material still left, the major part of this sediment is wash-out 

bacteria from the Oxidation Stage. As such it is a rich source of acclimatised bacteria. 

The bacteria-rich sediment (sludge) that settles out in this chamber is recycled back 

to the first Primary Settler to help with the breakdown of fresh sewage. These 
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bacteria, especially the mesophylics, assist with the digestion in both the first and 

second Primary Settler chambers. This re-cycled sediment, called the Return 

Activated Sludge (RAS) is an essential feature of the plant operation. 

3.9 WATER SUPPLY – POTABLE WATER PLANTS 

3.9.1 Zeeland Water Treatment Works 

The Zeeland water treatment works is located on the farm Zeeland approximately 10 km 

south of Lephalale. Water for this treatment plant is drawn from the Mokolo Dam (formerly 

Hans Strydom Dam). The Mokolo dam is the primary water source for Lephalale (formerly 

Ellisras ), Eskom and all current and future mining activities as well as various smaller local 

communities.  

The current design capacity of the treatment works is 230l/sec and it operates on a gravity 

sand filter / ferrouschloride and lime system. 

Part of the raw water from the Mokolo dam is purified in the water purification works on the 

farm Zeeland. From Zeeland water treatment works fresh water is supplied to the 

Onverwacht, Lephalale and Marapong town areas, Matimba power station and Grootegeluk 

Coal Mine, while raw water is supplied only to Matimba power station and Grootegeluk Coal 

Mine. 

3.9.2 Process Water Supply 

Process water (raw water) to the plants is supplied from four sources, namely: 

• Recycled water from the slimes dam penstock; 

• The dewatering of boreholes; 

• Dewatering of decanting water in the pit; and 

• As a last resort, raw water from the Mokolo Dam, if any make-up water is needed. 

3.10 LINEAR INFRASTRUCTURE AND TRANSPORT 

3.10.1 Transport of Product 

The Coal products are transported by rail and road.  

3.10.1.1 Transport by Rail 

A single railway line connects Grootegeluk Coal Mine to Thabazimbi. The mine has a private 

railway line inside the mining authorization area. The railway line is used to load and 

transport the mine’s product before connection with Transnet.  

Rail transport is done by Transnet Freight Rail (TFR). Under normal operating conditions, but 

not limited to, 21 trains per week are loaded via two load out stations. The two load out 

stations are: 
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• The Semi Soft Coking Coal (SSCC) load out station (Rapid loader); and  

• The D8 bin for Metallurgical products (Profile loader); 

• SSCC is delivered to Richards Bay Coal Terminal, ARCELOR-MITTAL SA, Newcastle, 

Vanderbijlpark and Pretoria; 

• Powdered coal injection (PCI ) material and Small Nuts is delivered to ARCELOR-

MITTAL SA, Vanderbijlpark and Saldanha Bay; and 

• Duff product is delivered to PPC Cement. 

Pea Coal (PEAS) delivery to the Depot and Base Metal Refinery (BMR) are done on a demand 

basis by TFR. 

The responsibility for accurate loading (within TFR weight limits) lies with Exxaro Grootegeluk 

Rail Dispatch section and the transport and delivery lies with TFR. 

3.10.1.2 Transport by Road 

All access roads to the mine are tarred and the total length of these roads is approximately 

10.4 km with an average width of 6 m. A tarred road on the mining property connects all the 

office buildings, workshops and the beneficiation plant area. The rest of the roads inside the 

mining area are gravel and dirt roads.  

Road transport is mainly done for smaller domestic clients from Grootegeluk Coal Mine. Road 

delivery is also used as a backup for rail performance and from time to time used to deliver 

to clients who would normally receive by rail. 

Grootegeluk Coal Mine has one appointed road transporter, namely New Century Transport 

(NCT), a sub division of Imperial logistics. The following arrangements with regard to road 

delivery are currently in place: 

• SSCC is delivered by various contractors and is used mainly in the ferrochrome and 

vanadium industries; 

• Peas transport is done mainly by NCT to the platinum, copper and agriculture 

markets. In some instances, customers use their own transport contractors; 

• Small nuts are transported by client contractors. NCT transports mainly for the 

agriculture and brick makers market; 

• PCI is delivered by NCT for the copper smelting market; and 

• Duff is used in the brick making process and delivery is done by clients’ own transport. 

The legal responsibilities for road transport and delivery lies with the Marketing section. The 

responsibility to ensure correct loading practices is with the rail dispatch section. 
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Under normal circumstances, between 40 and 130 road trucks in various configurations would 

be loaded per day so that the coal product can be trucked to the various clients. 

3.10.2 Pipelines 

Grootegeluk Coal Mine has a combination of buried and above-ground pipelines. A 700 mm 

diameter raw water pipeline from Mokolo dam serves the water purification plant on the 

farm Zeeland. Fresh water is supplied from the water purification plant to Onverwacht and 

Lephalale townships, Matimba Power Station and Grootegeluk Coal Mine, with a diversion to 

Matimba Power Station 

The major pipeline routes include: 

• An above-ground slurry pipeline to deliver coal slurry from the beneficiation plants 

to the slimes dams; 

• An above-ground pipeline to transport return water from the Mamba Dam (slimes dam 

return water dam) to Bosbok dam or directly to the plant; 

• A 300 mm pipeline from the pit to the beneficiation plants; 

• A 350 mm pipeline from the pit to the beneficiation plants; 

• A 250 mm surface pipeline from the Oliphantskop dam to the beneficiation plants;  

• A 700 mm steel raw water pipeline buried underground from the Mokolo dam to 

Zeeland and a 600 mm steel raw water pipeline buried underground from Zeeland to 

the mine;  

• A 250 mm underground (U/G) potable water pipeline from Zeeland water treatment 

works to the mine; 

• A 200 mm U/G raw water pipeline to the Char plant; 

• A 110 mm U/G potable water pipeline to the Char plant; 

• A New 200 mm DIA U/G Potable water pipeline to GG 7&8; and  

• A New 450 mm DIA U/G Raw water pipeline to GG 7&8. 

3.10.3 Conveyers 

Grootegeluk Coal Mine uses a series of conveyors to transport coal and discard at the site. 

The main conveyor routes include: 

• A discard conveyor from the beneficiation plants to Kidney Stockpile; and 

• A series of coal product conveyors from the beneficiation plants to the product 

stockpiles. 
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In addition to the above mentioned conveyors, the following new conveyors are currently 

under construction: 

• For transport of coal from the coal stockpiles to the newly constructed silo; 

• For transport of coal from the silo to the Matimba Power Station; 

• To connect the new GG7 and GG8 plants to the coal stockpiles and the kidney discard 

stockpile; and 

• For transport of coal from the silo to the Medupi Power Station. 

3.10.4 Powerlines 

Two Eskom power lines (275 KV) feed the Waterberg Substation. Power lines from the 

Matimba Power Station connect to the South African national electricity network. Electricity 

is supplied from Waterberg Substation to: 

• Grootegeluk Coal Mine; 

• Lephalale; 

• Marapong; 

• Mokololo Dam; 

• Matimba Power Station; and 

• Power line network to farmers in the district. 

Power lines from Matimba Power station connect to the South African national electricity 

network. 

3.11 FUEL AND OIL DEPOT 

Total South Africa (Total) currently operates a mini fuel depot at the Grootegeluk Coal Mine. 

Construction of the depot was approved under the ECA Environmental Regulations by the 

Northern Province Department of Agriculture, Land and Environment in July 2002 based on 

an EIA and EMP prepared by Strategic Environmental Focus (1998). This operation is currently 

not part of any of the Grootegeluk Coal Mine EMPRs but it has been operating on the site 

since 2003.  

The depot is located south-west of the plant area with a total footprint of approximately 

11972 m2 and it consists of the following infrastructure:  

• One 1,000 m3 vertical diesel storage tank;  

• Two horizontal tanks (1 x 82 m3 and 1 x 108 m3) containing diesel; 

• An oil and water separator; 
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• A decanting slab and a pump slab; 

• A bulk lube storage facility (12 x 13 m); and 

• A 46 m3 underground petrol storage tank.  

The vertical tanks and horizontal tanks are located on an inclined concrete bund designed to 

collect all spillages and runoff, which is treated in an oil and water separator. The oil is 

recovered and sold as old/used oil. Water from the separator is collected in Jo-Jo tanks. 

When full, the water is tested. Should the water be contaminated, it is disposed of as 

hazardous waste by the company managing the Depot. Three fire hydrants and two foam 

cannons are located on site. 

3.12 EXPLOSIVES FACILITY 

Sasol currently operates a Nitro Depot at the Grootegeluk Coal Mine site. The facility has not 

previously been discussed in any of the existing Grootegeluk Coal Mine EMPRs.  

Primarily, Sasol Nitro is responsible for supplying Grootegeluk Coal Mine with the explosives 

used during the blasting operations. For safety reasons, the matrix emulsion is only mixed 

with the ammonium nitrate to form a slurry explosive once all the blasting holes have been 

primed. The ammonium nitrate is stored at the Grootegeluk Coal Mine explosives magazine 

where it is collected by Sasol Nitro before every blast.  

The Sasol Nitro facility consists of: 

• A matrix silo (63m3) for storage of matrix emulsion of up to 85 tonnes;  

• A 14,000ℓ diesel tank for the refuelling of the explosives tankers; 

• A chemical store containing sodium nitrite (oxidising agent) and thiourea;  

• Tanker loading area; and 

• Ablution blocks, offices and tea room. 

3.13 LABORATORY 

The laboratory consists of five steel buildings with masonry infill. The buildings are 

interconnected, and a metal-clad steel structure building integrates with three of the 

buildings. The footprint of the buildings is approximately 3,340.5 m2.  

The buildings contain: 

• Offices;  

• Water, oil and coal laboratories;  

• Sample preparation areas; 
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• Store rooms; 

• Dining areas and ablution facilities; 

• A 2 MVA substation; and 

• A conveyor and silo to manage coal discard of approximately 8 tons per day.  

A new road, storm water management system, potable and fire water supply system, sewage 

disposal pumps and pipeline interconnected to an existing main sewer pipeline were 

constructed during the upgrading of the laboratory in 2010. In addition, an earth platform 

was constructed in order to raise the buildings to allow for sufficient drainage of flood storm 

water. A 400 m electrical cable and 370 m fire water mains were trenched along existing 

servitudes adjacent to the plant road. 

A 480 m road paved with concrete blocks connects the laboratory with the road system of 

the mine. The road and parking area will cover an area of approximately 5,797 m2.  

The discard coal is disposed of at Dumps 4 and 5. The sewage from the site is pumped to the 

oxidation ponds for treatment. 

3.14 EXPLOSIVES MAGAZINE 

The explosives store for Grootegeluk Coal Mine is located approximately 200 m east of Dump 

6. The footprint of the site is approximately 1.5 ha and it houses two buildings which can 

contain up to: 

• 800 units of carton detonators and shock tubes; and 

• 1,200 units of cartridges, boosters and fuse sections.  

In addition to this, up to 235 m3 of ammonium nitrate is stored in 3 x 45 tonne and 2 x 50 

tonne silos. A 6 m wide, 329 m long access road links the site to the main Grootegeluk Coal 

Mine road. 

3.15 WORKSHOP AREA 

There are various workshops within the Grootegeluk Coal Mine area. Depending on their 

function, these workshops differ in size and location. The workshops include mine and plant 

maintenance workshops as well as their associated offices. 

The main workshop areas are: 

• The Diesel / Central Workshop 

o Machine Workshop 

o Rebuild Workshop 

o Plate Workshop 
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o Rigging Workshop; 

• Pool Workshop; 

• Pit Service Station 

o Service Bay 

o Tire Workshop 

o Drilling Workshop; 

• Outside Service Workshop; and 

• Plant Maintenance Workshops, which are various smaller workshops spread across the 

plant area. 

Where possible, the storm water from these areas is captured and reused as process water, 

in some areas like the Diesel Workshop, the wash water is drained to the dam North of Dump 

6 where it is left to evaporate. 

Oil (hydraulic and gearbox) used in the workshops is transported to the Diesel and Pit Service 

station via overland pipes. These pipelines are maintained by Total and the areas not served 

by pipelines make use of oil supplied in 210ℓ drums. The used oil is either collected in 210ℓ 

drums, which are taken to the Total depot, or collected in the area’s old oil storage tank, 

from which it is recovered by Total or the used oil removal company. In the case of the Diesel 

and Pit Service Station the old oil is pumped back to the Total depot via the overland pipeline. 

3.16 OFFICES 

The offices at Grootegeluk Coal Mine are located just to the north of the workshop area. The 

offices cover an area of approximately 5 hectares and include some 15 buildings. The offices 

are equipped with ablution facilities that discharge via an underground pipe to the oxidation 

ponds. Clean storm water is collected in the drainage channels and diverted back into the 

surrounding environment. 

Offices on the Grootegeluk Coal Mine area include: 

• Main building offices; 

• Mining offices; 

• Engineering offices; 

• Plant offices; and 

• Material management offices. 
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3.17 CHANGE HOUSES 

The change houses are situated between the main entrance to the mine and the main office 

buildings. 

3.18 MATERIALS MANAGEMENT 

A central mine store which serves the needs of the whole mine is situated next to the mining 

offices and workshops and occupies an area of approximately 4 ha.  

The current warehouse facilities can no longer support the current Grootegeluk Coal Mine 

operations and the future GMEP operations, and a new warehouse facility is currently being 

built to sustain the operational life of 40 – 50 years. The warehouse will service a multitude 

of plant and mining end-users.  

The Warehouse will need to accommodate: 

• Storage of materials for GG1 through to GG6 and GMEP (which include GG7 and GG8); 

• Full materials management staff compliment; 

• Identified materials to be rolled back from the sub-stores; and 

• Future growth, i.e. the design should allow for future structural expansion as 

required. 

The facility will have a footprint of 51,500 m2, and will require services such as water, sewage 

management and electricity supply. An 11kV overhead power line will supply electricity from 

the substation at the Char plant to the warehouse. Water will be obtained from the potable 

water pipeline, constructed at the GG7/8 project. A 3 km access route will provide access to 

the warehouse site.  

Clearing of the workshop area and construction started in July 2012. It is anticipated that 

completion of the construction activities will be towards the end of 2013. 

3.19 REDUCTANTS PLANT 

The Reductants plant is located to the north-west of the Plant facility. The plant is owned by 

Exxaro, but operated by a different operating company within the Exxaro group (Exxaro 

Reductants (Pty) Ltd). The Reductants plant EMP (Clean Stream, 2005) was approved by the 

DMR in September 2007.  

The area of the plant is approximately 3.75 ha and it contains the following infrastructure: 

• Reductants production plant; 

• Offices; 

• Canteen and ablutions; 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 49 

• Workshops; 

• Emergency and First Aid room;  

• A process water dam;  

• Diesel and LGP bottle storage, oil store; and 

• Experimental Laboratory.  

The Reductants plant processes lumpy dull coal blends to high quality carbon reductants by 

devolatilisation. The process involves heating of the coal in the absence of oxygen. The plant 

is designed to recycle off gases, generated during the process, to minimise emissions and 

generate the heat needed for devolatilisation. The plant consists of the following: 

• A coal feed system, including a feed conveyor (600 mm belt conveyor delivers coal 

at a rate of 8,500 kg/hr), a hopper, vibrating screen and coal bunker; 

• Four retort systems form one module, which includes a gas lock system for the loading 

of coal, a hydraulic knife gate, a diesel/gas fired heating system and a quenching out 

feed chain conveyor; and 

• Gas control system, including electrostatic precipitators, a shell and tube heat 

exchanger, a burner, two gas fired steam boilers, evaporative cooling system, water 

circulation system and an 18 m high flare to dispose of excess gas. 

All contaminated water from the process, including condensates from the cooling system and 

gas booster fans, are collected and disposed of through the liquor destructor, which destructs 

the liquor containing hydrocarbons (phenols) to steam and CO2. Any tars produced in the 

process are collected and stored for selling or downstream use. Any carbonic acid produced 

is collected with the tar.  

Potable and raw water for the plant is sourced from mine water lines and quenching water is 

sourced from the process water line at the D8 kas. Electricity is also sourced from the mine. 

Sewage from the site is collected via pipelines and taken to the oxidation ponds for 

treatment. All wash water and storm water streams are collected in cut-off drains which 

route the water to the pollution control dam for re-use in the quenching process. Excess 

quenching water as well as other process water is also pumped to the pollution control dam 

for reuse in the char process. A closed system is maintained as far as possible. 

It should be noted that the Reductants plant has not been operational since 2018 after it was 

damaged in a fire and the mine is currently investigating the decommissioning of this facility. 
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3.20 CYCLIC OPERATED COAL SLURRY POND SYSTEM 

Slimes previously deposited into Slimes Dam 3 are currently being recovered. The fine dry 

coal recovered from the slimes dam is trucked to the existing stockpile areas near the 

beneficiation plant where it is mixed in with the Eskom product, before it goes to the Eskom 

stockpiles via the conveyor system. To increase the efficiency of the reclamation process, 

Grootegeluk Coal Mine proposes to refurbish and upgrade Slimes Dam 3, which will entail the 

construction of a cyclic pond system consisting of four parallel compartments on the footprint 

of the existing Slimes Dam 3. These compartments will be lined and engineered to allow 

effective off-take and recycling of water and recovery of the coal by hydraulic excavators. 

As with the current recovery process, recovered coal will be trucked back to the existing 

stockpiling area and sold as product. 

The refurbished facility is termed the Cyclic Operated Coal Slurry Pond System (COCSPS) and 

differs from traditional slimes dam systems, which are primarily disposal systems, by being 

specifically designed to facilitate the recovery and re-use of water and the recovery of coal 

fines as a product for sale. The operation of the COCSPS requires some additional 

infrastructure, including: 

• A Return Water Dam of 80,000 m3 (RWD);  

• A new pipeline from the RWD to key into existing water distribution pipelines;  

• A solution trench to transport water from the cyclic ponds to the RWD; and 

• Upgrading of a gravel road. 

This supporting infrastructure lies off the current slimes Dam 3 footprint. 

3.21 NEW GATE AND ASSOCIATED INFRASTRUCTURE 

Grootegeluk Coal Mine proposes to improve road access into the mine site through the 

construction of a new main entrance (New Gate). The current main entrance of the mine has 

become ineffective, as traffic flow has increased over time. The traffic ‘bottleneck’ effect 

at the current entrance is increasingly a safety hazard and requires urgent attention. 

The New Gate infrastructure will consist of: 

• New brick buildings, including a building for health and safety induction training, 

contractor management building, risk management offices, and ablution facilities; 

• A new weighbridge building with three new weighbridges; 

• A new parking area, including 30 paved/concreted visitors’ parking spaces, 10 

paved/concreted employee parking spaces, a gravel turn around area, a gravel 

surfaced waiting area for 15 trucks; 
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• Parking bays for fourteen incoming and fifteen outgoing trucks; 

• New tarred roads including bypass roads, extension road upgrades from gravel to tar 

and entrance roads; and 

• A new washing bay will be constructed near the weighbridge approximately 200 m to 

the west of the new entrance gate. The wash water will be sourced from the existing 

raw water reticulation system at the site and the discharge will be reused in the 

plant. 

The new facility will not result in any additional raw or potable water uses. The new buildings 

will contain ablution facilities that will discharge to the existing wastewater treatment 

system at the site. The following pipelines connect the facility to the site’s existing water 

and wastewater reticulation system: 

• A 600 m long 110 mm diameter sewage pipe to connect the ablutions in the new 

buildings to the existing wastewater treatment system at the site; and 

• A 640 m long 160 mm diameter potable water pipeline will connect into the existing 

site’s potable water system. 

As indicated above, the truck washing facility acts as a closed loop with water being reused 

in the plant. 

All storm water runoff is collected via channels and pipes and, depending on the source of 

the water, either released into the natural environment (clean run-off) or directed into 

pollution control dams (dirty run-off). 

3.22 MEDUPI EXPANSION (GG7 & GG8) 

The Medupi Expansion and the approval for the expansion was gained from the DMR in 2008. 

GG7 and GG8 is currently operational and the infrastructure includes: 

• Two new coal beneficiation plants GG7 and GG8; 

• Two new coal stockpiles; 

• Conveyor systems; 

• Roads, overhead electrical lines and substations; 

• Raw water pipeline and reservoirs;  

• Potable water pipelines and reservoirs;  

• Workshops, offices, new warehouse; and 

• Mobile in-pit crusher system. 
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3.23 ESKOM COAL SILO AND CONVEYOR 

Eskom Holdings Limited (Eskom) constructed a new coal fired power station approximately 4 

km south of the Grootegeluk Coal Mine, called Medupi. As part of this project, Eskom 

constructed the following infrastructure on the Grootegeluk Coal Mine property: 

• A coal silo;  

• A conveyor, part of which crosses Turfvlakte Farm on the mine; and 

• A heavy equipment bridge crossing the coal feed conveyor on the farm Turfvlakte. 

The construction of this infrastructure was approved by the DMR in 2010 and has since been 

completed.  The area on which the infrastructure has been built has also been registers as 

an Eskom Servitude, and thus any operation occurring in this area is the responsibility of 

Eskom Holdings Limited (Eskom). 

3.24 SOLID WASTE MANAGEMENT FACILITIES 

3.24.1 Industrial Waste Disposal Sites 

There is one industrial waste disposal site on the mine. This site is situated in the stores 

scrap-yard area. 

3.24.2 Domestic Waste Disposal Sites 

Provision has been made at Dump No. 6 for domestic refuse. Approval of this site has been 

obtained from the Department of Water Affairs and Forestry with the permit reference 

number (Ref.B33/2/140/1/5). 

3.24.3 Mine Residue Disposal Sites 

The mine’s residue disposal sites can be classified into two major groups, namely discard 

dumps and slurry or slimes dams. 

3.25 EXPLORATION 

The Mine has an on-going exploration strategy in place to upgrade Inferred Resources to 

Indicated Resources and subsequently to Measured Resources. This strategy entails detailed 

planning of the number of exploration boreholes needed each year, as well as their positions 

and the sequence in which they should be drilled in order to obtain the maximum benefit 

from the additional geological information gained. New borehole positions are carefully 

planned, on a priority basis, so that the area to be mined during the next five years is 

adequately covered by a 500m x 500m grid. Problem areas and areas with little or no 

geological information are given next priority. 
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Exploration drilling at Grootegeluk Coal Mine is conducted by piloting boreholes through the 

overburden using percussion methods to the first fresh coal, then casing off and cementing 

these piloted holes to preserve them for later core drilling. 

 

4 DESCRIPTION OF THE RECEIVING ENVIRONMENT 

4.1 CLIMATE 

4.1.1 Regional Climate 

The Grootegeluk mining operations are situated in the Waterberg region of South Africa which 

falls within the subtropical high-pressure belt. The mean circulation of the atmosphere over 

the subcontinent, except for near the surface, is anticyclonic throughout the year. The 

synoptic patterns affecting the typical weather experienced at the mine owe their origins to 

the subtropical, tropical and temperature features of the general atmospheric circulation 

over South Africa.  

4.1.2 Precipitation 

The Grootegeluk Coal Mine is located in the summer rainfall region of South Africa and most 

rainfall is received between November and April (as reflected in Table 4-1). However, inter-

annual rainfall variability is known to occur. Lowest rainfall levels are typically experienced 

in the month of June and the highest during January. Rainfall is typically experienced in the 

form of short duration intense convection thunderstorms, leading to occasional flooding. 

Droughts occur periodically. 

Table 4-1: Rainfall information as monitored by Grootegeluk Coal Mine (1980 - 2003)  

Month Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Ann 
average 

Average 
precipitation 
in mm 

1.2 1.4 3.8 37.
9 

63.
1 

88.
2 

77.
7 

76.
4 

54.
1 

25.
6 

8.8 3.3 441.3 

 

The 35-year record of total annual rainfall exhibits an erratic pattern of wet and dry years. 

The mean annual rainfall for the town of Lephalale (located approximately 18 kilometres to 

the east of the mine) is 393 mm per annum for the period 1995 to 2005 (Limpopo SOE, 2004). 

Lowest rainfall levels are typically experienced in the month of June and the highest during 

January. Rainfall is typically experienced in the form of short duration intense convection 

thunderstorms. Droughts are endemic to the more semi-arid and arid regions, while 

occasional flooding may occur during the summer months from convection thunderstorms and 

tropical disturbances (Limpopo SOE, 2004).  
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Another rainfall station located close to the mine also displays similar rainfall trends over a 

monitoring period of 1988 to 2011. The mean annual rainfall over the monitoring period was 

446 mm per annum, with the highest rainfall experienced in the month of December. 

4.1.3 Atmospheric Temperature 

The highest temperatures are typically experienced during the summer months of December, 

January and February, and the lowest during the winter months of June, July and August. 

Average summer and winter minimum and maximum temperatures are indicated in Table 4-2 

below. 

Table 4-2: Average summer and winter minimum and maximum temperatures  

Season Minimum Maximum 
Summer 11°C 40°C 
Winter 0°C 28°C 

 

4.1.4 Wind Speed and Direction 

Winds monitored at the Grootegeluk Coal Mine AC E-Sampler from 01 June 2009 to 31 May 

2010, were predominantly from the east-south-east (14.5% of the time) and east (14% of the 

time). Winds were slow, with the majority of winds between 1 – 2 m/s. Calm conditions were 

recorded 35% of the time. No significant seasonal variation in the wind was observed during 

the monitoring period (Figure 4-1). 

 
Figure 4-1: Annual surface wind rose obtained from the Grootegeluk E-Sampler for the 
period 1 June 2009 - 31 May 2010 (Source: Exxaro Baseline assessment: Fugitive dust 
emissions at the Char plant, Grootegeluk Coal Mine, October 2010). 
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4.1.5 Mean Evaporation 

The mean annual Symons-pan evaporation (MAE) in the vicinity of the mine is 1,950 mm 

(WR90). Mean monthly evaporation values are presented in Table 4-3. It is to be noted that 

the MAE is about four times higher than the local mean annual precipitation (MAP) in the 

vicinity of the mine. 

Table 4-3: Mean Monthly S-Pan Evaporation values for Grootegeluk Coal Mine area 

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total 
Average 
evaporation 
(mm/month) 

226 210 210 209 174 165 129 110 91 102 137 186 1950 

 

4.1.6 Extreme Weather Events 

The area is mainly frost free and hail seldom occurs. 

 

4.2 GEOLOGY 

4.2.1 Local Geology 

The regional geology in the area is characterised by the igneous and sedimentary rocks of the 

Karoo Supergroup. Grootegeluk Coal Mine is situated in the southern portion of the Limpopo 

Depression, a relatively small corridor between the Limpopo River in the west and the Palala-

Pietersburg Plateau in the east. 

Grootegeluk Coal Mine is extracting coal from the Waterberg coalfield. The Waterberg 

coalfield strikes approximately 88 km from east to west and 40 km north-south in the Limpopo 

Province of South Africa and extends westwards into Botswana. The coalfield is fault-bounded 

along its southern and northern boundaries and forms a graben structure.  

The Waterberg coalfield is bounded by the Zoetfontein fault in the North and the 

Eenzaamheid fault in the south, underlain by the Waterberg Group, north of the Eenzaamheid 

fault. The Waterberg group stretches some 90 km southward, culminating in the Waterberg 

and Sandrivier mountain ranges. North of the Zoetfontein fault a portion of the group extends 

westwards into Botswana, and another portion extends north easterly to the Blouberg range. 

Rocks predominantly of the Kransberg subgroup and the Sandriviersberg formation are 

present in the mining area and comprise coarse, yellowish, gravelly, cross-bedded sandstones 

with ferruginous laminae along the bedding planes. 

All the classical units of the Karoo Sequence are present in this coalfield and the subdivision 

of the Karoo Sequence is based mainly on lithological boundaries consisting of the Stormberg 

Group, followed by the Beaufort Group, the Ecca Group and the Dwyka group. The Waterberg 
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Group represents the basin floor. The Karoo groups are further subdivided into lithological 

units (formations) that have acquired several names over the years (Figure 4-2).  

Starting at the basement, the Dwyka Group is mostly encountered as filled depressions in the 

floor and consists primarily of greyish diamictite and in places rounded pebble conglomerate 

as well as fluvioglacial gravels that are products of glacial weathering. The Dwyka Group is 

only approximately 3m thick in this region. 

The Ecca Group overlays the Dwyka Group and can be subdivided into three distinct 

lithological units, namely the Lower Ecca (Pietermaritzburg Shale), the Middle Ecca (Vryheid 

Formation) and the Upper Ecca (Volksrust Formation).  

The Lower Ecca is comprised of shales, sandstones and gravels in the lower portions and is 

approximately 150 m thick in the mining area.  

The Middle Ecca in the Waterberg coalfield comprises thick yellowish to white, cross-bedded 

sandstones and siltstones with intercalated dark grey carbonaceous sandy shales and inter-

bedded, dull coal seams varying in thickness between 1.5 m and 9 m. The Middle Ecca is 

approximately 55 m thick in the Waterberg coalfield.  

The Upper Ecca, normally characterized by shales of various hues of bluish grey to darker 

carbonaceous grey, which in this area are uniquely interspersed with intercalated and 

interlaminated bright coal seams. It exhibits distinct cyclic sedimentation, notably upward 

coarsening cycles, starting with a bright coal at the base with a very high coal to shale ratio 

and gradually decreasing upwards and finally grading into relatively pure shale on top. The 

Volksrust shales show an increase in carbon content with depth, starting with a light bluish 

grey mudstone on top graduating to very dark grey, carbonaceous shale at its base. The 

Volksrust formation in this area is approximately 60 m thick. 

The Beaufort Group in this area comprises of shales of various hues of purple alternating with 

greenish grey in the upper portion, while light grey mudstones predominate at the base. The 

unit is approximately 90 m thick in the mining area north of the Daarby fault. The full 90m 

thickness only occurs north of the Daarby fault in a small rectangular faulted block where the 

entire sequence has been preserved. 
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Figure 4-2: Geological reference map of the area (ESS, 2009) 

The Stormberg Group overlaying the Beaufort group is subdivided into four distinct 

lithological units. The Molteno formation comprises white, medium to coarse grained 

sandstones. The Molteno formation is approximately 15 m thick in this region and is succeeded 

by the Redbeds or Elliott formation, consisting primarily of reddish brown to chocolate brown 

clayey mudstones, marls with interspersed calcareous nodules, thin white sandstone lenses 

are also encountered in the upper portions. The Elliott formation is approximately 90 m thick. 

The Elliott formation is overlain by the Cave Sandstone or Clarens formation comprised of 

creamy white to yellowish to reddish brown, fine grained, well sorted aeolian sandstone, 

relatively calcareous with interspersed calcareous nodules. The formation thins rapidly 

northwards from the Daarby fault, where it has a maximum thickness of 150 m, though the 

average thickness is of the order of approximately 80 m. The Clarens formation is capped by 

the Drakensberg Basalt or Letaba formation. In this area a small lenticular wedge north of 

the Daarby fault has been preserved. The Letaba formation is comprised of successive lava 

flows. Appearing almost as distinct beds, the lava is dark grey to black, but weathers to 

chocolate brown to purple, extremely fine crystalline to coarse to amygdaloidal in parts with 

amygdales present towards the bases of successive flows.  
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The basalts are fractured and weathering is found between successive lava flows. Thin lenses 

of sandstone similar to the Clarens also occur between lava flows, especially near the base. 

The Letaba formation varies from a maximum of 120 m to 90 m thickness in this region. 

4.2.2 Presence of Dykes, Sills and Faults 

The Karoo sequence in the area has been faulted by two major faults with displacements 

greater than 250 m, namely the Daarby fault in the north and the Eenzaamheid fault in the 

south. The Eenzaamheid fault forms the southern boundary, with rocks belonging to the 

Waterberg Group occurring south of this fault, while the northern boundary is delineated by 

the Zoetfontein fault with Archaean granites outcropping north of the fault. The coalfield is 

further subdivided by the Daarby fault that delineates a shallower, opencast mineable 

western part of the coalfield and a deep north-eastern part. The Zoetfontein fault was 

tectonically active before and during Karoo deposition, while the Eenzaamheid and Daarby 

faults are younger than the Karoo sequence. 

The original sedimentary basin in which the coal was formed extended further south than the 

present southern boundary (Eenzaamheid fault). Sedimentation occurred in a shallow east-

west trough and the general direction of transport was ENE-WSW. Karoo sediments were 

deposited on the Waterberg Group in the southern portion of the coalfield, while in the north, 

north of the Zoetfontein fault, they were deposited on Achaean rocks. The paleo floor in the 

eastern portion consists of granite and basic rocks of the Bushveld Igneous complex. 

Relatively few dolerite dykes outcrop in the south-eastern portion of the coalfield and to 

date no sills have been intersected in any exploration borehole. 

4.2.3 Structural Geology 

The “Zoetfontein fault” is a high angled east northeast – west southwest striking major fault. 

Significant post-Karoo displacement is evident and is known to be still seismically active; this 

resulted in the extensive downthrow to the north and sinistral horizontal movement. The 

basement complex consists of Archaean granite and gneiss, outcropping to the north of the 

fault zone (GCS, 2005). 

The "Daarby fault" is a major north-east, then north-west trending fault, assumed to be part 

of one set of events because both “legs” of the fault exhibit the same throw and throw 

direction. Both faults have consequently been combined into the one name. The Daarby fault 

is a normal fault with a downthrow of 360 m to the north and the fault dips at an angle of 

between 50º and 60º to the north, bringing up-thrown Beaufort and Ecca Group formations 

to the south into contact with the down-thrown Letaba, Clarens, Elliott and Molteno 

formations in the north. 

The Eenzaamheid fault, situated south of the Daarby fault, has a throw of 250 m to the north 

brining the up-thrown Waterberg Group on the southern side of the fault into contact with 
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the down-thrown Beaufort and Ecca Groups on the northern side of the fault. The dip angle 

of the Eenzaamheid fault is near vertical. Evidence of a possible link between the 

Eenzaamheid and Daarby faults exists from exploration boreholes on the farm Turfvlakte. 

The associated step faults, associated with the Daarby and Eenzaamheid faults, are classed 

as minor faulting that have varying strikes, throws and throw directions. These faults have 

been interpreted from exploration boreholes, the geological model and mapping within the 

open pit excavation. 

4.3 TOPOGRAPHY 

The general topography of the area is described as “Plains”, with slopes that vary between 0 

and 3%. Elevation around the mine varies from 900 to 922 m above sea level. The area is 

generally featureless except for elevation differences caused by Nelsonkop (922 m) in the 

north and the Waterberg range (3,600 m) in the south. Drainage appears to be in an east-

north-easterly direction towards the Mogol River and consists mainly of dry sandy gullies such 

as the “Sandloopspruit”.  

The Mogol River is approximately 810 m above sea level, while the mine is approximately 900 

m above sea level. This results in an almost negligible gradient of 90:21000 m or 0.0043 %. 

General topographical drainage appears to be in an east-north-easterly direction towards the 

Mogol River. No natural drainage channels occur on the mine area, except for Sandloopspruit 

which is located approximately 1 km north of the mine’s slimes dams. Due to the flat 

topography, highly permeable sands and the absence of any surface water drainage courses, 

the mine has no direct impact on the surface hydrology of the Mogol Catchment (Exxaro, 

2010). 

The surface effects concerning the mining operation are: 

• The open pit area exposed for mining activities is approximately 852 ha. Twelve 

benches will be visible during the operational phase of the mine, which will advance 

at a rate of 80 to 100 m per year; 

• Several discard dumps covering a total of about 1000 ha with heights varying between 

40 and 60 meters. The topographical horizon of the environment will be altered 

permanently by the waste dumps; 

• Office and workshop buildings, together with other infrastructure in the mining area 

occupy a further 10 ha; 

• The slimes dams north of the beneficiation plant cover about 100 ha at a height of 

approximately 25 m. This area will not increase in size; and 
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• A number of borrow pits were made in the area to obtain construction materials, 

inter alia for road building. 

4.4 SOILS 

4.4.1 Soil Types and Characteristics 

The soils in the area are sandy with 70 to 90 % of sand in the top layer and 50 to 90 % in the 

sub layer. The clay content ranges from 5 to 25 % in the top layer and 5 to 45 % in the sub 

layer. This content puts the top layer in the sandy to sandy-clay-loam texture and the sub 

layer in the sandy to sandy-clay texture categories. Silt content is low in all the soils. 

A mixture of yellow-brown apedal soils and red apedal soils characterise the area around 

Grootegeluk Coal Mine. These soils are highly permeable. Water filters through the soil very 

fast, washing out nutrients and making these soils unsuitable for cultivation.  

The yellow-brown apedal soils are well to moderately drained and shallow to very deep (0.4 

m to >1.8 m). They are the most dominant soil type in the area and generally occur in flat to 

gently sloping midslope to crest positions. The red apedal soils are relatively well drained 

soils with intermediate to very deep depths (0.3 m to >1.8 m). 

The major soil types mapped for the area (Figure 4-3) include those of the orthic phase 

Etosha (Et), Fernwood (Fw), Vilafontes (Vf), Hutton (Hu), Clovelly (Cv), Augrabies (Au), 

Montegu (Mo), Glenrosa (Gs) and Mispah (Ms), along with the hydromorphic forms, including 

the Pinedene (Pn), Glencoe and Dresden Forms predominating (ESS, 2010). 

Table 4-4: Soil Types of the Grootegeluk Area (ESS, 2010) 

Broad Soil Group Horizons Hectares % of Total 
Area 

Red apedal soils Hutton, Bainsvlei 460,44 ha 25,03 % 
Yellow-brown apedal soils Griffin, Clovelly, Avalon 617,62 ha 33,58 % 

Glencoe   
Neocutanic soils Oakleaf, Tukulu  26,41 ha 1,44 % 
Carbonate soils Plooysburg, Kimberley, Askham 163,12 ha 8,87 % 

Gamoep, Etosha, Prieska, Addo   
Augrabies, Montagu, Coega   

Pedocutanic/Red structured Soils Swartland, Sepane, Valsrivier 114,12 ha 6,20 % 
Shortlands   

Shallow soils Glenrosa, Mispah, Dresden 245,93 ha 13,37 % 
E-horizon soils Wasbank, Kroonstad, Longlands 7,19 ha 0,39 % 
Hydromorphic soils Westleigh, Katspruit 17,66 ha 0,96 % 
Vertic soils Rensburg, Arcadia 4,21 ha 0,23 % 
Man-made soils Witbank 2,36 ha 0,13 % 

(ESS: Earth Science Solutions Soils/Backfill Materials Classification Study (Appendix B) 

4.4.1.1 Sands 

The Clarens Formation comprises two differing sandstone forms with the more red coloured 

sandstone dominating the area. The sandstone weathers to a deep well sorted, fine grained 
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sand with little to no clay or silt associated. These sands are generally deep (1.5 m) to very 

deep (3 to 5 m) and produce a flat to undulating terrain (ESS, 2010). 

Larger trees and shrubs are able to utilize the depth for rooting but have to contend with low 

water availability due to the low retention capabilities. 

Areas covered with these red sands have poorly developed topsoil horizons, a low nutrient 

base and little ability for cation exchange. 

The chemical analysis undertaken on the composite samples returned only moderate reserves 

of Ca and Mg, with lower than required reserves of P, Zn and K. Supplements of these 

nutrients will be needed if the soils are to be utilized for rehabilitation of the backfill area. 

The low cohesive strengths associated with the equigranular material renders them very poor 

surface cover materials on anything other than flat or undulating terrain. Slopes steeper than 

15% are unlikely to sustain the sandy material. Erosion is a problem that will also need to be 

well managed on these materials (ESS, 2010). 

 

.
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Figure 4-3: Soil Types for Grootegeluk Coal Mine 
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4.4.1.2 Clay 

The carbonaceous mudstone and purple coloured clay rich material is of great importance to 

the mining operations. The materials are difficult to convey and require truck and shovel 

operations, particularly when they are wet. The material will act as a good cover material to 

the interburden and discard because it’s an excellent barrier layer material and it compacts 

well. The materials also only have slight swelling and expansive properties (ESS, 2010). 

The clay materials have the ability to compact to a degree and form a suitable barrier layer 

to the infiltration of surface water to underlying aquifers. 

The mining characteristics of these materials are significant, with the majority being of a 

“free dig” nature. This implies that the material can be dug with an excavator, and that no 

blasting is necessary. 

Depths of utilizable soil (to top of mottled horizon) vary from 500 mm to 1,000 mm. The 

deeper rooting depths (>600 mm) are considered potentially utilizable soils, with those less 

than 400 mm being considered to have a wetness problem, and are considered to be wetland 

soils. It is these soils that will be of use in the rehabilitation and stabilization of the overlying 

sand materials that have been proposed as the growing medium. The original topsoil and B1 

horizon sub-soils will need to be removed and stockpiled for use in stabilizing the sands at 

rehabilitation (ESS, 2010). 

4.4.1.3 Rock 

Chemically, these soils are similar to the “clay” materials described already, the variation 

being noted in the percentage of calcium and possibly magnesium, where the accumulation 

of CaCO3 has occurred within the rooting zone (ESS, 2010). 

The “rock” materials are characterised at surface by shallow Glenrosa, Hutton and Clovelly 

form soils with occasional Valsrivier and Swartland forms on the more iron/magnesium-rich 

horizons (ESS, 2010). 

Also observed are distinctive signs of calcium carbonate within many of the profiles 

associated with these areas. The presence of CaCO3 is significant, and imparts a light 

structure to the sub-soils (ESS, 2010).  

The texture is dominated by a mixture of fine to medium grained sands and silt, with clay 

contents varying from as low as 8% to a maximum of 18% (ESS, 2010). 

4.4.2 Soil Salinity / Sodicity 

The salinity and/or sodicity are of importance to a soil’s potential to sustain growth. 

Highly saline soils will result in the reduction of plant growth caused by the diversion of a 

plant’s energy from normal physiological processes, to those involved in the acquisition of 

water under highly stressed conditions. Salinity levels of <60 mS/m will have no effect on 
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plant growth. From 60 – 120 mS/m salt sensitive plants are affected, and above 120 mS/m 

the growth of all plants is severely affected (ESS, 2010). 

The soils mapped in this area are all non-saline and extremely low in clays. 

4.4.3 Soil Fertility 

The soils mapped in this area returned moderate levels of most of the nutrients required for 

good plant growth, although Zn, P and organic carbon are generally lower than the optimum. 

Significantly large areas of soil with an acceptable level of plant nutrition were mapped, 

albeit that the soil water, and water holding capabilities are low and the structure and 

texture is loose and highly permeable. 

There are no indications of any toxic elements that are likely to limit natural plant growth in 

the soils mapped within the study area. Fairly standard fertiliser treatments will be needed 

for optimum agricultural production of crops on areas that have previously been planted, 

with exceptionally good water management being of paramount importance on both dry land 

as well as irrigated lands (ESS, 2010). 

4.4.4 Nutrient Storage and Cation Exchange Capacity (CEC) 

The potential for a soil to retain and supply nutrients can be assessed by measuring the cation 

exchange capacity (CEC) of the soils (ESS, 2010). 

The low organic carbon content is balanced to some extent by the relatively high clay content 

which naturally provides exchange sites that serve as nutrient stores. These conditions will 

result in a low retention and supply of nutrients for plant growth (ESS, 2010). 

Generally, the CEC values for the soils mapped in the area are moderate to high due to the 

moderate clay contents of some of the materials (ESS, 2010). 

4.4.5 Soil Erosion and Compaction 

The majority of the soils mapped can be classified as having a moderate to low erodibility 

index based on the topography of the site, but classify as moderate on the sands and low on 

the more clay-rich materials and the generally low organic carbon content (ESS, 2010).  

The relatively wetter and more clay-rich soils are susceptible to compaction. These soils need 

to be managed extremely well, both during the stripping operation, as well as during the 

stockpiling/storage and rehabilitation stages (ESS, 2010). 

The concerns around erosion and compaction are directly related to the fact that the 

protective vegetation cover and topsoil are disturbed during any mining or construction 

operations. Once disturbed, the impacts from wind and water are increased. Loss of soil 

(topsoil and subsoil) is extremely costly to any operation, and is generally only evident at 

closure or when rehabilitation operations are compromised. Well planned management 

actions during the construction and operational phases will save time and money in the long 
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run, and will have an impact on the ability to successfully “close” an operation once 

completed (ESS, 2010). 

4.5 PRE-MINING LAND CAPABILITY 

Land capability refers to the extent to which land can meet the needs of one or more uses 

under defined conditions of management, including climate. A land capability class is a 

grouping that contains land with similar capabilities. The system used under mining 

conditions is simplified and recognizes only four classes, i.e. arable/agriculture, grazing, 

wetland and wilderness land. 

Grootegeluk Coal Mine is located in the savannah biome in the Limpopo Sweet Bushveld 

vegetation type (Mapping Unit SVcb19; Mucina & Rutherford, 2006), which comprises a 

mixture of both fine-leafed and broad-leafed savannah components. As a result, the area is 

expected to support moderate populations of grazers. Approximately 90 % of the area could 

be classified as suitable for grazing or game farming, and the surrounding land is largely used 

for cattle and game farming. There are no wetland areas in the region surrounding the mine, 

however during the ecological screening low laying pans areas where identified, these areas 

will be investigated to determine their significance.  

The guidelines for the rehabilitation of land disturbed by surface coal mining in South Africa 

(1981) suggest that optimal concentrations for P, K and Mg are 36, 120 and 50 mg/kg, 

respectively. Given these values, the soils in this area are generally deficient in P. The finer 

textured soils have adequate concentrations of both K and Mg, while the coarser textured 

soils are deficient or marginal for one or both elements. These deficiencies indicate that the 

capability at both sites is of limited value with respect to agricultural potential. 

The potential crop yields were estimated by Rehab Green CC based on the physical soil 

properties and an average annual precipitation of 400 mm (Table 4-5). 

Table 4-5: Potential Agricultural Production 

Product Soil Typed Derived Soil Potential  Potential Yield 
Maize (Dry land) Hu1, Cv1, 1Ag Moderate-low 2-3 t/ha/a 
Grazing (Cattle) Hu1, Cv1, 1Ag Moderate-low 10-12 ha/lsu 
Soybeans Hu Moderate  1.0-1.5 t/ha/a 

 

4.6 LAND USE 

The current land use at the Grootegeluk Coal Mine is zoned as mining according to the 

Lephalale Spatial Development Framework (2006). The existing land uses in the surrounding 

area are: 
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Residential: 

• Town of Lephalale (Ellisras). The nearest section of the town to the study area, 

namely Onverwacht Township, lies approximately 5 kilometres to the south-east of 

the Coal Mine.  

• Marapong Township lies 650 metres to the north-east of Matimba Power Station. 

• There are numerous farmhouses and farm labourers’ houses spread throughout the 

study area. 

Educational:  

• There are several farm schools spread out through the study area. 

• There are schools in Lephalale but these are too far away from the Grootegeluk Coal 

Mine to be affected by the noise generated by this facility. 

Industrial: 

• Matimba Power Station. 

• Medupi Power Station (under construction). 

• There is a small industrial area just to the north of Onverwacht Township. 

• Sewage works on the farms Zongezien and Nelsonskop. 

Mining: 

The Grootegeluk Coal Mine currently provides Matimba Power Station with coal. The mine 

will also provide Medupi Power Station with coal in the future. 

Future mining activities are planned by Exxaro Resources (Thabametsi Project), Sekoko, 

Resgen and Sasol in the Waterberg area. 

Agriculture: 

The main land use in the study area and its surrounding areas are primarily cattle and game 

farming. 

Tourism: 

Several game lodges are found in the study area. 

The objective of Grootegeluk Coal Mine, with regard to the final land capability, is to restore 

the land in such a way as to enable it to support wildlife management on a sustainable basis 

(SES, 2006). 
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4.7 BIOLOGICAL ENVIRONMENT 

4.7.1 Terrestrial Ecology 

4.7.1.1 Vegetation Type (Flora) 

The savannah biome is the largest biome in South Africa, extending throughout the eastern 

and north-eastern areas of the country. The fine-leaved savannahs typically occur on nutrient 

rich soils and are dominated by microphyllous woody plants of the Mimosaceae family 

(Common genera include Acacia and Albizia) and a generally dense herbaceous layer. These 

savannahs support a high herbivore biomass of both grazers and browsers. Conversely, broad-

leaved savannahs occur on nutrient poor soils, are characterised by woody plants from the 

Combretaceae family (common genera include Combretum and Terminalia) and typically 

support a low herbivore biomass. The Limpopo Sweet Thornveld (SVcb19) vegetation type 

will comprise a mixture of both fine-leafed and broad-leafed savannahs. Along with fire and 

a distinct seasonal climate, browsing and grazing by large herbivores are the dominant 

determinants of the composition, structure and functioning of savannah ecosystems. 

The Grootegeluk Coal Mine area is located entirely within the Limpopo Sweet Bushveld (Code 

SVcb 19) (NSS, 2009). NSS (2009) described the vegetation of the Grootegeluk Coal Mine area 

according to three major habitats, namely a Broad-Leaf Sour Woodland, a Sweet Fine-leaf 

Woodland and a Clay Pan Woodland (Appendix C). These broad units are separated into 

various vegetation units based on broad species composition and woody plant structure as 

illustrated in Figure 4-4. Table 4-6 describes the breakdown of the habitats and vegetation 

units in the Grootegeluk Coal Mine area. The vegetation units correlate well with the 

underlying geology of the area. 

Table 4-6: Breakdown of habitats and vegetation units in the Grootegeluk Coal Mine area 

Habitats and Vegetation Units Size (ha) Percentage of area 
Broad leaf sour Woodlands  

82% A. Red Sand Broad-Leaf Woodlands 6 618 
B. Acacia erubescens Woodlands 7 834 
C. Wooded Drainage Lines 1 200 

Sweet Fine Leaf Woodlands  

14% D. Acacia nigrescens Woodland 2 090 
E. Spirostachys africana Bush Clumps 129 
F. Tall Mixed Woodlands 451 
G. Clay Pan Woodlands 568 3% 

Former agricultural land 182 1% 
Total 19 076  

 

According to Mucina & Rutherford (2006), Limpopo Sweet Bushveld (Mapping Unit SVcb 19; 

Mucina & Rutherford 2006) is classified as Least Threatened. Although the target for 

conservation is 19%, only 14% of this vegetation type is currently under statutory conservation 

in reserves such as D’Nyala Game Reserve. Cultivation has resulted in the transformation of 

approximately 5% of Limpopo Sweet Bushveld. Incidences of erosion vary from low to high. 
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Figure 4-4: Soil Layout of vegetation units in the area (NSS, 2009) 

A number of isolated pans occur in the north and west of the area, these pans will be further 

investigated so as to determine their significance. These are areas with higher clay contents 

and dominated by trees such as Acacia mellifera, A. karroo, Boscia foetida, Acacia tortilis 

and Ziziphus mucronata. Important grasses include Aristida congesta subsp. barbicollis and 

Cymbopogon caesius (formerly C. excavatus). These pans are local biodiversity hotspots with 

concentrations of birds, mammals and other faunal species, and they play an important role 

in the maintenance of biodiversity within the area. 

The Spirostachys africana bush clumps represent a habitat that is distinctively different from 

the surrounding habitats. These dense clumps of trees provide an important refuge and 

breeding sites for a variety of faunal species, and qualify as an important habitat. 

4.7.1.2 Natural Plant Life 

The natural habitat remaining within the Grootegeluk Coal Mine lease area is fragmented and 

isolated from surrounding natural habitat, and has to varying extents been disturbed by 

historic and current mining operations. 

4.7.1.3 Dominant Species 

Different plant communities are found within the direct vicinity of Grootegeluk Coal Mine. 

The natural vegetation is dominated by Acacia species.  

The woody layer is dominated by the woody species Combretum apiculatum, Grewia flava, 

Acacia erubescens, A. melifera and Dichrostachys cinerea on shallower sandy soils whilst the 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 69 

woody species Terminalia sericea, Acacia erioloba, A. tortilis and Grewia bicolor dominate 

on deep sandy soils. In some areas, where the soil has a clayey character, Acacia nigrescens, 

A. grandicornuta, Spirostachys africana, Boscia foetida and Euclea undulate dominate the 

woody layer.  

The herbaceous layer is dominated by the grass species, Aristida congesta subsp. barbicollis, 

Eragrostis lehmanniana, E. rigidior, Panicum maximum and Urochloa mosambicensis as well 

as the forbs Melhania prostrata, Kyphocarpa angustifolia, Abutilon austro-africanum and 

Dicoma tomentosa. 

4.7.1.4 Endangered or Rare Floral Species 

In terms plant species with Red Data status, only the Acacia erioloba (Camel thorn tree) have 

been identified and found to be widespread in the Grootegeluk Coal Mine area (NSS, 2011).  

In terms of Red Data or protected species that may potentially occur in the area, one plant 

species, namely Eulalia aurea, is listed as Near Threatened by the IUCN, while a further eight 

species are listed as Least Concern (the lowest rating for assessed species) (SIBIS: SABIF, 

2009, internet). According to Schedule 12 of the Limpopo Environmental Management Act 

(No. 7 of 2003) two species that potentially occur in the area, namely Huernia stapelioides 

and Huernia transvaalensis, are listed as Protected. 

Schinziophyton rautanenii, which is found naturally in the north of Namibia and Botswana, 

has been identified on the farm Eendrachtpan 451 LQ. This is the most south-easterly 

placement of Schinziophyton rautanenii known. 

Protected Tree Species 

The National Forests Act of 1998 lists the tree species that are protected nationally. The 

following five protected tree species were identified in the study area: 

• Acacia erioloba – Camel thorn; 

• Adansonia digitata – Baobab (single planted specimen); 

• Boscia albitrunca – Shepherd’s tree; 

• Combretum imberbe – Leadwood;  

• Spirostachys africana - Tamboti; and 

• Sclerocarya birrea subsp. caffra – Marula. 

4.7.1.5 Medicinal and Economic Important Plant Species 

The growing focus on the importance of medicinal plants is highlighted by NSS (2011) by 

stating that 28% of the species recorded within the Grootegeluk Coal Mine area have 

documented medicinal uses (locally or nationally), a further 1.7% of the species are edible to 
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man and 5% have economic uses. A detailed list of the known medicinal, food and economic 

values of species are listed in Appendix C. 

4.7.1.6 Alien Floral Species 

No invader or exotic species are known to have been present within the mine boundary area 

before the commencement of mining and related activities at Grootegeluk Coal Mine.  

A vegetation survey was conducted during the operational phase of the mine by NSS (2009) 

and all alien species in the mining authorization area were listed (Table 4-7). 

Table 4-7: Alien plant species identified in the Grootegeluk Coal Mine area (Bromilow, 

2001; NSS, 2011). 

Species Common Name Invader Status 

Agave americana  American Agave Category 2 

Alternanthera caracasana  Paper thorn Weed 

Bidens pilosa  Black jacks Weed 

Cereus jamacaru  Queen of the night Category 1 

Cymbopogon pospischilii  Narrow-leaved turpentine grass Weed 

Datura ferox  Large thorn apple Category 1 

Eriobotrya japonica  Loquat  Category 3 

Flaveria bidentis  Smelter’s bush Weed 

Grevillea robusta  Australian Silky Oak  Category 3 

Lepidium bonariense  Pepperweed Weed 

Leucaena leucacephala Leucaena  Category 2 

Melia azedarach Syringa  Category 3 

Morus alba White or common mulberry  Category 3 

Nicotiana glauca Wild tobacco  Category 1 

Opuntia ficus-indica  Prickly pear Category 1 

Opuntia humifusa  Creeping prickly pear Category 1 

Passiflora subpeltata Wild Granadilla Category 1 

Pennisetum setaceum  Fountain grass Category 1 

Portulaca oleraceae  Common purslane Weed 

Psidium guajava Guava Category 1 

Pupalia lappacea var. lappacea  Forest burr Weed 

Pyracantha angustifolia  Yellow Firethorn Category 3 

Richardia scabra  Paper thorn Weed 

Schkuhria pinnata  Dwarf marigold Weed 

Scillus molle Pepper tree Category 3 

Sesbania bispinosa var. bispinosa  Spiny Sesbania Weed 

Solanum seaforthianum  Potato creeper Category 1 

Solanum nigrum  Nightshade Weed 
 

4.7.1.7 Natural Animal Life (Fauna) 

The Grootegeluk Coal Mine boundary area is located within a group of eighteen farms 

enclosed by game fences. Watering places have been installed, which has improved the 
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condition of the game. Ferroland Wildlife Management manages this surface area, with the 

focus on wildlife conservation. Game numbers and species have risen and animals have 

seemingly become used to the mining and related activities to a certain extent. 

4.7.1.8 Faunal communities 

A large diversity of faunal species was confirmed for the Grootegeluk Coal Mine area during 

an ecological assessment conducted by NSS during 2011. 

Mammals: 

Commonly occurring mammal species still found in Grootegeluk Coal Mine and surrounding 

are listed in Table 4-8 below. 

Table 4-8: Commonly occurring mammal species identified in the Grootegeluk Coal Mine 

area (NSS, 2011). 

Species  Common Name 
Orycteropus afer; Aardvark  
Pedetes capensis;  Springhare  
Tragelaphus strepsiceros;  Kudu  
Aepyceros melampus; Impala  
Hysterix africaeaustralis; Porcupine 
Mungos mungo; Banded mongoose  
Lepus saxatilis; Scrub hare  
Ceropithecus aethiops; Vervet monkey  
Hyaena brunnea; Brown Hyena  
Panthera pardus; and Leopard  
Canis mesomelas.  Black Backed Jackal  
Alcelaphus buselaphus; Red Hartebeest  
Damaliscus lunatus; Tsessebe  
Hippotragus equinus; Roan Antelope  
Acinonyx jubatus; Cheetah  
Damaliscus pygargus Blesbok (introduced); 
Connochaetes taurinus; Blue Wildebeest  
Papio hamadryas; Baboon  
Syncerus caffer (introduced); Buffalo  
Sylvicapra grimmia; Common duiker  
Tragelaphus oryx ; Eland  
Oryx gazelle; Gemsbok  
Giraffa camelopardalis; Giraffe  
Tragelaphus angasii; Nyala  
Raphicerus campestris; Steenbuck  
Ceratotherium simum; White Rhinocerus  
Diceros bicornis; Black Rhinocerus; 
Equus quagga; Zebra  
Otocyon megalotis; Bat-eared fox 
Phacochoerus africanus; Warthog  

 

The low farm fences allowed the animals to move around freely depending on the grazing 

that remained, as they also competed with the cattle that were kept. 
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Avifauna: 

During the ecological assessment conducted in 2011 by NSS, 159 bird species were identified. 

Refer to Appendix C for a detailed list of the birds identified in the Grootegeluk Coal Mine 

area. Several common bushveld bird species are known to occur in the area. The species 

range includes: 

Table 4-9: Commonly occurring bushveld bird species identified in the Grootegeluk Coal 

Mine area (NSS, 2011) 

Species  Common Name 
Numida meleagris;  Helmeted guinea fowl  
Tockus leucomelas Yellow billed hornbill  
Francolinus natalensis Natal Spurfowl  
Francolinis sephaena Crested francolin  
Dryoscopus cubla Black-backed puffback  
Corvus capensis Black crow  
Corythaixoides concolor Grey go-away bird; 
Chrysococcyx caprius Diederik’s cuckoo  
Halcyon senegalensis Woodlands kingfisher  

 

Herpetofauna: 

The ecological assessment found the Grootegeluk Mine area to be particularly rich in reptile 

species, with 28 species present in the area. Table 4-10 list the species identified during the 

assessment. 

Table 4-10: Herpetofauna species identified in the Grootegeluk Coal Mine area (NSS, 

2011). 

Species  Common Name 
Leptotyphlops s. scutifrons  Peter's thread snake 
Psammophylax tritaeniatus  Striped skaapsteker 
Psammophis subtaeniatus  Stripe-bellied sand snake 
Telescopus s. semiannulatus  Common tiger snake 
Dispholidus typus  Boomslang 
Elapsoidea sundevallii media  Sundevall’s garter snake 
Dendroaspis polylepis  Black mamba 
Bitis arietans  Puff adder 
Acanthocercus atricollis  Southern Tree Agama 
Agama aculeata distanti  Ground agama 
Chamaeleo dilepis  Flap-necked chamaeleon 
Varanus albigularis  Rock Leguaan 
Ichnotropis capensis  Cape rough-scaled lizard 
Ichnotropis squamulosa  Common rough-scaled lizard 
Zygaspis quadrifrons  Kalahari round-headed worm lizard 
Panaspis walbergii  Wahlberg's snake-eyed skink 
Mochlus sundevallii  Sundevall's writhing skink 
Trachylepis capensis  Cape skink 
Gerrhosaurus major  Rough-scaled plated Lizard 
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Species  Common Name 
Gerrhosaurus validus  Giant plated lizard 
Hemidactylus mabouia gecko Moreau's tropical house 
Lygodactylus capensis  Cape dwarf gecko 
Chondrodactylus turneri  Turner’s tubercled gecko 
Ptenopus garrulous garrulous  Common barking gecko 
Pelomedusa subrufa  Marsh terrapin 
Stigmochelys pardalis  Leopard tortoise 
Psammobates oculifer  Kalahari tent tortoise 
Amietophrynus rangeri  Raucous toad 
Poyntonophrynus fenoulheti  Northern Pygmy Toad 
Schismaderma carens  Red Toad 
Kassina senegalensis  Bubbling Kassina 
Phrynomantis bifasciatus  Banded Rubber Frog 
Hildebrantia ornata  Ornate Frog 
Ptychadena anchietae  Plain Grass Frog 
Cacosternum boettgeri  Common Caco 
Pyxicephalus adspersus  Giant Bullfrog 
Pyxicephalus edulis  African Bullfrog 
Tomopterna cryptotis  Tremolo Sand Frog 
Tomopterna krugerensis  Knocking Sand Frog 
Chiromantis xerampalina  Foam Nest Frog 

 

Terrestrial macro-invertebrates: 

The ecological assessment conducted revealed 41 families of invertebrates with over 68 

species during the site visits. Table 4-11 summarises some of the species identified during 

the assessment. Refer to Appendix C for the full list of species. 

Table 4-11: Terrestrial macro-invertebrates identified in the Grootegeluk Coal Mine area 

(NSS, 2011). 

Species  Common Name  

Acraea anemosa Broad-bordered Acraea 
Tithoes confinis Giant longhorn beelte 
Laccotrephes sp.  Large water scorpion  
Argiope sp.  Garden spider 
Parabuthus transvaalicus Thick-tailed scorpions 
Opistophthalmus sp. Burrowing scorpion 
Psammodes sp.  Giant toktokkie 

 

4.7.1.9 Red data and Protected Faunal Species 

The desktop review conducted by NSS during the 2011 ecological assessment revealed that 

30 Red Data mammal species could potentially occur within the study site, or are listed as 

protected species by the Limpopo Environmental Management Act, 2003 (Table 4-12). Of 

these species, eight have been confirmed to occur and an additional six species are highly 

likely to occur. 
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Table 4-12: Threatened and conservation important species occurring within the 

Grootegeluk Coal Mine area (NSS, 2011). 

Species  Common Name Red Data Status 

NEM:BA 
Threatened 
and Protected 
Species List  

Limpopo 
Protected 
Species List  

Tatera leucogaster 
* Bushveld gerbil Data Deficient    

Pipistrellus rusticus  Rusty pipistrelle Near threatened   

Manis temminckii*  Ground pangolin Vulnerable Vulnerable Specially 
protected 

Parahyaena 
brunnea  Brown hyaena Near threatened Protected Protected 

Acinonyx jubatus*  Cheetah Vulnerable Vulnerable Protected 

Diceros bicornis  Black rhinoceros 
(northeastern race) Vulnerable Endangered  Specially 

protected 
Damaliscus lunatus  Tsessebe Endangered  Endangered   
Hippotragus niger  Sable Vulnerable  Protected 

* - Believed to be present or presence confirmed in the adjacent areas with the same Quarter Degree Squares 
(QDS) as the study area.  

In addition to the Red Data listed species, 11 confirmed, Least Concern (LC) mammal species, 

that are listed as either nationally or provincially protected according to NEMBA TOPS (2007) 

or Limpopo (2003) PWA or SPWA list have been identified by NSS (2011) and are included in 

Table 4-13. 

Table 4-13: Least Concern mammals that are NEMBA TOPS and Limpopo SPWA and PWA 

Listed (NSS, 2011). 

Scientific name Common name  Red Data Status  

NEM:BA 
Threatened and 
Protected 
Species List  

Limpopo 
Protected 
Species List  

Oryteropus afer* Aardvark  Least concern Not Listed Specially 
protected 

Proteles cristatus* Aardwolf Least concern  Protected 
Panthera pardus* Leopard  Least concern Vulnerable Protected 
Felis silvestris  African wild cat Least concern  Protected 
Civettictis civetta  African civet Least concern  Protected 
Otocyon megalotis  Bat-eared fox Least concern  Protected 

Ceratotherium simum  White rhinoceros Least concern Protected Specially 
protected 

camelopardalis  Giraffe Least concern  Protected 
Syncerus caffer  African buffalo Least concern  Protected 
Raphicerus campestris Steenbok  Least concern Not Listed Protected 
Oreotragus oreotragus*  Klipspringer Least concern  Protected 

* - Believed to be present or presence confirmed in the adjacent areas with the same Quarter Degree Squares 
(QDS) as the study area.  

The desktop review conducted by NSS (2011) lists 14 bird species having an IUCN classification 

of Near Threatened or Vulnerable that could potentially occur within the Grootegeluk Coal 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 75 

Mine area. NSS (2011) has confirmed that the three species listed in Table 4-14 do occur in 

the mine area. 

Table 4-14: Conservation important birds in the Grootegeluk Coal Mine area (NSS, 2011). 

Species Common name  Red Data Status 

NEM:BA 
Threatened and 
Protected 
Species List  

Limpopo 
Protected 
Species List  

Gyps africanus* White-backed Vulture Vulnerable  Endangered  Specially 
protected 

Ardeotis kori* Kori Bustard Vulnerable  Vulnerable  Specially 
protected 

Buphagus 
erythrorhynchus Red-billed Oxpecker Near 

Threatened  
 Protected  

* - Believed to be present or presence confirmed in the adjacent areas with the same Quarter Degree Squares 

(QDS) as the study area.  

Due to the limited academic and governmental data on reptiles of conservation importance 

in the Grootegeluk Coal Mine area only one specie were identified during the NSS ecological 

assessment conducted in 2011 (Table 4-15). 

Table 4-15: Conservation important reptiles occurring in the Grootegeluk Coal Mine area 

(NSS, 2011). 

Species  Common Name  Red Data Status  

NEM:BA 
Threatened 
and Protected 
Species List  

Limpopo 
Protected 
Species List  

Python natalensis* Southern African 
python 

Vulnerable; Near 
Threatened 
Regional 

Protected Protected 

* - Believed to be present or presence confirmed in the adjacent areas with the same Quarter Degree Squares 

(QDS) as the study area.  

The desktop review conducted by NSS(2011) lists two conservation important amphibian 

species (Table 4-16). These species have both been reported to occur in the clay pans in the 

west and south regions of the study area. 

Table 4-16: Conservation important reptiles occurring in the Grootegeluk Coal Mine area 

(NSS, 2011). 

Species  Common Name  Red Data Status  

NEM:BA 
Threatened and 
Protected 
Species List  

Limpopo 
Protected 
Species List  

Pyxicephalus 
adspersus* Giant Bullfrog Near Threatened  Protected Protected 

Pyxicephalus 
edulis*  African Bullfrog Least Concern  Protected  

Three protected invertebrate species have been identified in the Grootegeluk Coal Mine area 

by NSS (2011). These species are presented in Table 4-17. 
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Table 4-17: Conservation important invertebrates occurring in the Grootegeluk Coal Mine 

area (NSS, 2011). 

Species  Common Name  Red Data 
Status  

NEM:BA 
Threatened and 
Protected 
Species List  

Limpopo 
Protected 
Species List  

Manticora sp.*  Monster Tiger 
Beetles  Protected  

Opistophthalmus 
spp.  

Burrowing 
Scorpions  Protected  

Ceratogyrus sp.*  Horned Baboon 
Spiders  Protected  

* - Believed to be present or presence confirmed in the adjacent areas with the same Quarter Degree Squares (QDS) 
as the study area. 
 

4.7.2 Aquatic Ecology 

Seven of the frog species identified in Table 4-10 were found only on the western side of the 

NSS (2011) study area, where numerous small natural and modified pans exist due to the 

occurrence of clay soils there (Figure 4-5). Kameelperdpan was found to be rich in frog 

species with 5 species located there on one night during the survey. Foam nest frogs 

(Chiromantis xerampalina) on the other hand were found to be widespread, with their 

distinctive foam nests observed over almost every source of water in the study area. 

4.7.3 Sensitive Landscapes (Wetlands) 

The Terrestrial Ecological Scan conducted by NSS in 2011 on the Grootegeluk Coal Mine area 

identified the clay pans located in the study area as sensitive areas.  

According to NSS (2011), the Limpopo Province only provides lists of protected and specially 

protected species and does not provide any guidelines for sensitivity mapping. It was 

therefore decided to adopt the Gauteng Departments of Agriculture and Rural Development’s 

(GDARDs) latest Minimum Requirements for Biodiversity Assessments Version 2 (2009) to 

suggest buffer zones on the most and highly sensitive habitat types within the study boundary 

area. The following buffer zones, where no construction should take place, were considered 

by NSS: 

• A 50mm buffer zone for wetlands occurring outside the urban edge; 

• A 200m buffer zone for Class 1 ridges must be designed as sensitive. Class 1 ridges 

are 0-5% transformed. Nelson’s Kop would be considered a Class 1 ridge; and 

• Buffer zones of 200mm must be placed on all good condition natural vegetation areas 

to mitigate deleterious edge effects.  

Since the clay pans have not been delineated and the other 2 criteria are applicable to the 

study area, NSS (2011) mapped a standard 200m buffer against all areas of high conservation 

importance (Figure 4-5). 
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Figure 4-5: Sensitive areas identified in the Grootegeluk Coal Mine area (NSS, 2011). 

Further investigations were undertaken by Ground Truth in 2018 in support of the Grootegeluk 

pit expansion into the remaining LOM area so as to fully identify these areas so as to attain 

an approved c&i license under section 21 of the NWA for the listed activity of mining through 

these areas 

The Grootegeluk mining area is located within a more arid portion of South Africa, with 

limited large interconnected freshwater ecosystems within the landscape. The 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 0.004 ha to 2.3 ha. Most of the systems are 

under 0.1 ha 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). Refer to 

Figure 4-6 for an overview of the freshwater ecosystems identified within the area. 

Of interest is that 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. 
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Figure 4-6: Overview of the freshwater ecosystems identified within the study site (Groundtruth) 
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Figure 4-7: Seasonal Pan Layout (Golder) 
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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 sixty (60) identified natural wetlands are considered to be 

predominantly in good condition, i.e., ‘B’ category systems and cover an area of 7.14 ha. 

Based on the integrity assessment (Macfarlane et al 2018), the wetlands are considered 

equivalent to 5.99 hectares of functional wetland habitat. 

Of the sixty-three (63) systems that have been identified within the mines impact area, 3 are 

considered artificial. These artificial systems within the LOM footprint area, 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 5.6-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 – 5.6-hectare equivalents; and 

• Ecosystem conservation target – 1.2-hectare equivalents. 

It is expected that the revised 30-year LOM for Exxaro Grootegeluk will have a positive effect 

of the seasonal pans in the with the optimization of the plan the impact area was also 

minimized. Thus making it possible to retain some of the seasonal pans that would have 

otherwise have been lost.  

Biomonitoring is being undertaken in accordance with the Biomonitoring methodology 

submitted to the DWS in April 2021 and monitoring points are indicated in Figure 4-8. 
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Figure 4-8: Biomonitoring Sites
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4.8 SURFACE WATER 

4.8.1 Catchment Information 

The mine is located within the quaternary catchments of A42J of the Limpopo Water 

Management Area (Figure 4-9). Natural surface water drainage appears to be in the north 

(Limpopo River), northeast (Mokolo River) and east (Sandloop spruit). Due to the flat 

topography, highly permeable sands and the absence of any surface water drainage courses, 

the mine has no direct impact on the surface hydrology of the Mokolo catchment. The nearest 

surface water resource is the Sandloop spruit but it is ephemeral, therefore the Mokolo River, 

situated approximately 20 kilometres away, is deemed to be closest surface resource. The 

only surface water monitoring taking place is in the storm water and process water storage 

facilities. 
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Figure 4-9: Quaternary Catchments in the Grootegeluk Coal Mine area 
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4.8.2 General Overview 

A full description of the water management at the site is presented in the Grootegeluk Coal 

Mine Storm Water Management Plan (Appendix D).  The Storm Water Management plan will 

be updated on an annual basis. This section provides a brief overview of the water 

management at the site and this is summarised in Figure 4-10.  

Grootegeluk Coal Mine sources raw process water from the Mokolo dam and potable water 

from Exxaro’s Zeeland water treatment works site. The other sources of water at the mine 

are from rainfall and groundwater abstraction. Water is lost from the site by seepage to 

ground, evaporation and with residual water exported with the products.  

Currently both waste process water and storm water from the plant area are combined in a 

series of collection drains and report to the WP slimes sump. From there the water is pumped 

to bench 11 for storage in the pit. If the pump capacity is exceeded, the water overflows to 

the Oliphantskop Dam for temporary storage.  

A considerable volume of water is discharged to the Slimes Dam 1 and 2 complex in the form 

of coal slurry. Water from the Slimes Dam is recovered from the pool on the surface via a 

penstock system and recycled via the Mamba Dam directly to the plant or temporarily stored 

in the Bosbok dam prior to use in the plant.  

The storm water runoff around Dump 6 is collected in a collection drain and stored 

temporarily in a pond. Currently storm water runoff from other infrastructure and dumps 

runs off directly to the veldt or drains into the pit. The development of effective storm water 

management at the site is part of the mine’s long term water management plan.  

Groundwater mounding to the north of the Daarby Fault is evident near the plant site. Since 

the early 2000s, the artificial mound has been substantially reduced through the abstraction 

of water from these areas as part of the water management strategy that has been in place 

for several years, this water has been abstracted and re-used in the process. Water is 

abstracted using a series of groundwater boreholes and this water is used in the beneficiation 

plants. Seepage from the Slimes dams is collected via an engineered and appropriately 

equipped geo-drain system. The water captured in the drain is pumped back to the Mamba 

dam from where it is returned to the beneficiation plants for re-use, also part of the water 

management strategy. 

Sewerage water from the site is treated in oxidation ponds located near Dump 6. The mine 

will soon be upgrading the sewerage treatment system at the site to an activated sludge 

system in which treated water will be recycled back to the plant while sludge is recycled 

back into the treatment plant. 
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4.8.3 Surface Water Quality 

The nearest surface water resource in the vicinity of Grootegeluk, the Mokolo River, is 

situated approximately 20 kilometres away. Mining activities are not expected to have any 

impact on surface water quality of the resource. The only surface water monitoring taking 

place is in the storm water and process water storage facilities. (Figure 4-11). 

4.8.4 Surface Water Use 

The Mokolo River Catchment is dominated by agriculture and game farming. Farms to the 

west are being grazed by cattle, and the expected impact on agriculture is minimal. A large 

area is under free-range wildlife management, and water usage in the vicinity of Grootegeluk 

Coal Mine is for wildlife watering. Therefore water use in the catchment broadly comprises 

87% for agricultural activities and 13% for industrial, mining, power generation and domestic 

water supply service sectors. 

The water uses, including potable, process and surface water, are as follows in the mine 

area: 

4.8.4.1 Pit Area 

The Control room utilises domestic water for human consumption. Process water is utilised 

for dust suppression on the roads in the pit area and green area. The pit is utilised for the in-

pit storage of process water in the sump on Bench 11 and also in the sump on Bench 13. 

4.8.4.2 Discard Dumps 

Historically, excess water from the pit was pumped to the Voëltjie Dam. At present 

Grootegeluk Coal Mine pumps 3 500 m3 /month of clean raw water to the Voëltjie Dam to 

act as a watering hole for game. 

4.8.4.3 Administration 

At the Total depot the excess water from the oil separators is pumped into a JoJo tank. 

Depending on its analysis, this water is either disposed of by a hazardous waste contractor or 

alternatively it is discharged to the process water circuit. 

4.8.4.4 Plant Area 

Process water is re-used or recycled in the coal processing plants on Grootegeluk Coal Mine. 

Water is pumped from the Bosbok Dam (which is lined), In-Pit Sumps, Oliphantskop Dam and 

the abstraction boreholes to the Raw Water Dam in GG1 for use in the process water circuit. 

Raw water is also abstracted from the Mokolo River for use on the mine. The silt trap at 

Bosbok dam is cleaned periodically. 

The water from the Raw Water Dam is utilised for the following: 

• Fire hydrant system; 

• Floor washing through the fire hydrant system;  
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• Relative density control for the magnetite system; and 

• Use in the Char Plant on the mine.  

The GG1 Plant has four thickeners, two of which are froth flotation (FF) thickeners. The 

overflow of the thickeners reports to the cement dirty water dam and from there it is 

recycled and re-used for rinsing of screens in a closed process water circuit. The underflow 

from these thickeners is recycled back to the Spiral Plant in GG1. The Spiral Plant separates 

the power station coal and coking coal and from there the coal goes to the production 

conveyers. 

The water from the Spiral Plant in GG1 is routed to the tailings thickeners (TT). The overflow 

of the TT is routed to the clarifiers and the underflow is sent to belt filters and from there it 

is pumped to the Slimes Dam Complex. The process water from the belt filters building is re-

circulated to the thickeners. 

The return water from the Slimes Dam Complex is utilised in the FF thickener in GG1 or it is 

routed to the Bosbok Dam. 

A pumping system is in place to pump any water which drains from the Eastern Power Station 

Coal Stockpile Area to the Clarifier Water Dam in GG1 for recycling and re-use in the process 

water circuit. 

A pumping system is in place at the foot of the coking coal stockpile to pump any water which 

drains from the Western Power Station Coal Stockpile Area to the dirty water dam in GG1. 

The GG2 plant has two thickeners and process water from GG2, GG3 and GG6 goes through 

both these thickeners. The underflow from these thickeners goes through a belt filter and 

the product is sent to the power station. The filtrate is recycled back to the thickeners or to 

the Slimes Dam Complex. The overflow from these thickeners is routed to the Clarifier Dam 

and then via the storm water drains to the WP Slimes Pit. From the WP Slimes pit the water 

can either be routed to the Oliphantskop Dam, the Pit or back to GG1 for The GG6 plant is 

coupled to the GG2 plant and the fines or excess water from GG6 is pumped to the GG2 Plant 

thickeners. 

Spillages from the silt traps, sumps, transport bins and bunded areas have the potential to 

report to the storm water drain. 

4.8.4.5 Slimes Dam Complex 

The Slimes Dams 1 and 2 complex is equipped with a seepage collection system. The seepage 

is routed via the storm water trenches to the Cement Dam. The seepage and storm water are 

collected and contained in the Cement Dam. There are two pumps at the Cement Dam to 

pump this process water back to the FF thickeners in the GG1 Plant or alternatively it is 

routed to the Bosbok Dam. 
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Figure 4-10: The location and extent of clean and dirty water sub-catchments at Grootegeluk Coal Mine. 
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Figure 4-11: Surface water monitoring points.
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4.8.4.6 Char Plant 

Process water is re-used or recycled in the coal processing plants on Grootegeluk. Water is 

pumped from the Bosbok Dam, Pit Sump, Oliphantskop Dam and the abstraction boreholes to 

the Raw Water Dam in the plant for use in the process water circuit. The Char Plant receives 

its process water from the Raw Water Dam in the GG2 Plant. 

The Char Plant has a boiler house with 2 boilers, of which one is a stand-by boiler. The boilers 

utilise raw water to generate steam to capture the off-gas. The cooling towers in the Char 

Plant also utilise raw water in their open and closed circuits. The cooling towers cool down 

the gas to 40°C and generate gas liquor in the process. This liquor is contained in tanks before 

it is incinerated. 

The process water utilised for the quenching of char from the retort is recycled from the 

Char PCD and re-used. Evaporative losses occur from this process water circuit and make-up 

water is obtained from the mine. 

The sewerage generated in the Char Plant is stored in a conservancy tank and pumped to the 

Grootegeluk Coal Mine Oxidation Pond. 

4.8.4.7 GMEP (GG7 & GG8) 

The GG7 & GG8 storm water channels have been integrated into the existing storm water 

channels and it is now part of the larger the Grootegeluk Coal Mine Storm Water Management 

Plan. 

4.8.4.8 Workshops 

At the Pit Service Station and Central Workshop the water from the separator is drained to 

unlined S-pits, where the water evaporates. These pits tend to be overgrown with reeds and 

there is evidence of hydrocarbon contaminated soils associated with the S-pit. The water 

from the S-pit at the Pit Service Station is pumped to tanks for use as dust suppression on the 

roads. These separators are currently in the process of being replaced and the reuse and 

recycling of this water will form part of the new working process. 

At the Pool Workshop there is no recycling or re-use of process water. The process water is 

drained into a small pond. Microbes are dosed on a weekly basis to break down hydrocarbons. 

This pond also has an oil skimmer. The overflow is released into the environment as clean 

water. 

All the workshop separators are currently in the process of being replaced and the reuse and 

recycling of this water will form part of the new working process. 

4.8.4.9 Remainder of the mine area 

No process water is utilised in this area. 
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4.8.5 Sourcing of Water 

The site currently has a negative water balance and requires water intake for processing. The 

raw water for this process is taken from the Mokolo Dam and pumped to the Grootegeluk Coal 

Mine via a 56 km long 600mm diameter underground steel pipeline . The water taken from 

this dam is authorized under the mine’s NWA section 21(a) water use licence 

(01/A42G/A/A/643)). The maximum abstraction volume of water permitted for the mine is 7 

600 000 m3/annum.  

Potable water for the mine is sourced from Exxaro’s Zeeland Water treatment works owned 

by Exxaro but outside of the mining area. The treated water gravitates to the Grootegeluk 

Coal Mine via an approximately 12 km long underground 250mm pipeline. A potable water 

reservoir of 1,500 m3 with a pump station is situated on Grootestryd Farm. A new potable 

water pipeline was constructed for the Matimba expansion project. This system uses chlorine 

disinfection and supplies the additional water required due to the expansion.  

In addition to raw water obtained off site, water is recovered from abstraction boreholes 

located to the north of the process plant. Groundwater mounding is evident in this area and 

water abstraction both re-cycles water lost to the ground and manages stability in the area. 

4.8.6 Water Authority 

Exxaro Grootegeluk Coal Complex which still includes the Reductants (Char) is in possession 

of a Water Use Licence (WUL) (Licence No. 07/A42J/GB/6418) dated 5 July 2018. An 

amendment of the WUL was also issued in terms of Section 50 of the National Water Act, 

1998 (Act No. 36 of 1998) (NWA) on the 30th of November 2018. The WUL was issued for 

various water uses being undertaken on site in terms of Section 21 of the NWA. The license 

was issued for the following water uses: 

• Section 21(a) – Taking of water from a water resource; 

• Section 21 (b) – Storing water; 

• Section 21(g) – Disposing of waste in a manner which may detrimentally impact on a 

water resource; and 

• Section 21(j) – Removing, discharging or disposing of water found underground. 

Additional water uses have been identified that require authorisation in terms of Section 21 

of the NWA in the form of an Integrated Water Use License Application (IWULA). The following 

additional water uses are required to be licenced for the Grootegeluk Complex: 

• Section 21(g) – ‘Disposing of waste in a manner which may detrimentally impact on a 

water resource. 
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In addition to the new water uses triggered, several amendments are required to some of the 

existing authorised water uses. An audit undertaken by Golder Associates Africa (Pty) Ltd in 

2021 recommended that various conditions of the license be amended. A concurrent 

Integrated Water Use License Amendment Application is in process with this EMPR 

amendment. 

4.8.7 Storm Water 

Grootegeluk Coal Mine currently has a basic clean and dirty water separation system, but 

various projects have been registered regarding the upgrading of the current system. All 

runoff from mine infrastructure areas which are classified as dirty are treated as dirty water 

and contained for re-use in the process as depicted in Figure 4-10. The Grootegeluk Coal 

Mine Storm Water Management Plan has been finalized and indicates the current system as 

well as the proposed future system, as prepared by Golder Associates Africa (PTY) Ltd 

(Golder, 2012b) (Appendix C).  The Grootegeluk Coal Mine Storm Water Management Plan is 

a dynamic document that will be updated on an annual basis and submitted with the IWWMP 

to DWA. 

4.9 GROUNDWATER 

4.9.1 Unsaturated Zone 

The unsaturated zone in the region north of the Daarby fault is mainly derived from the 

weathering of the Clarens sandstone formation. These deposits consist of fine to medium 

grained, well-rounded, well sorted sand. Where soils have developed, it consists of loose to 

medium dense, medium to fine grained sand. Calcrete and ferricrete often develop above 

the Beaufort and Ecca Groups and are normally associated with faulting and jointing within 

the in-situ rock masses and the movement of groundwater. To the north of the Daarby fault 

on the Stormberg basalt, a geotechnical survey was done where soil and weathered bedrock 

properties were determined. Soils ranged from reddish brown soft to firm clayey sand (0.6 to 

0.7 m thick) to yellowish and olive brown gravely silt (0.2 to 0.4 m thick). In- situ hydraulic 

conductivity of the soil was measured at 8.3 x 10-5 m/d.  

The region south of the Daarby fault and east of the Grootegeluk Coal Mine open pit often 

has little sand cover, resulting in clayey weathering products from various outcropping shale 

units in the upper Ecca and Beaufort Groups. This area south of the Daarby fault is then also 

covered by angular, poorly sorted sands derived from the weathering of the Waterberg Group 

(Roux, 2004). 

4.9.2 Aquifer Characteristics 

Groundwater flow and mass transport depend on the characteristics and structure of the 

geology and geological structure at Grootegeluk. In the Grootegeluk mining area, as in the 

largest portion of South Africa, only secondary, fractured rock aquifers occur. 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 92 

The different stratigraphic units within the Waterberg Coalfield, as a result of their 

predominant lithologies and structure, have different potentials for storage and passage of 

groundwater. These potentials have been further enhanced or contained as a result of the 

faulting and jointing interpreted in this field. The Daarby fault has been accepted as the main 

divisor of the area into two major water compartments, described in this and historical 

reports as the Northern and Southern aquifer compartments. 

The Stormsberg, Beaufort, Ecca, Dwyka and Waterberg groups underlie the Northern 

compartment. In this compartment the major identified aquifer, a semi-confined aquifer, 

occurs in the fractured, faulted and weathered Letaba formation. This aquifer is contained 

within a fault-bounded lenticular wedge, just north of the Daarby fault. The basalts are 

significantly fractured and weathering occurs between successive lava flows. The lower 

contact between the Letaba formation and the Clarens formation is an erosional surface that 

also has considerable hydrogeological significance. This aquifer has the highest yields and the 

highest transmissivity in the mining area. 

The Beaufort, Ecca, Dwyka and Waterberg groups underlie the Southern compartment. The 

faults, fractures, joint planes and sedimentary cycle bedding planes represent the main semi 

confined aquifer in the Beaufort, Upper Ecca and Middle Ecca formations. The fluvial 

sandstones of the Middle Ecca are also relatively impervious, thus movement of groundwater 

is confined to fractures and along the contacts between sedimentary bedding planes. The 

Middle Ecca and Lower Ecca sandstones can be classified as confined aquifers, since 

piezometric levels in suitably equipped monitoring boreholes have indicated the presence of 

a pressure gradient with resting water levels being higher than those in the Upper Ecca. Some 

exploration boreholes which have been exposed in the lower levels of the open pit and which 

intersect the Middle Ecca sandstones, have displayed artesian flow properties confirming the 

confined nature of the aquifer. 

The aquifer systems at the Grootegeluk Coal Mine area are simplified and conceptualised to 

be composed of three units:  

• The top weathered aquifer; 

• The primary (porous) aquifer; and  

• The fractured secondary aquifer. 

The thickness of the weathered zone is variable but is approximated to be 7 m. The static, 

pre-mining steady state groundwater level was about 30 meters below surface. This means 

that the weathered zone is unsaturated and not classified as an aquifer as it is not water-

bearing. However, due to artificial recharge from the various mining operations, the zone is 

expected to be saturated locally. 
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The primary (porous) aquifer is less permeable, but plays a part in water and contaminant 

storage. The occurrence and movement of groundwater are largely controlled by the 

structural geology and lithological zones. 

The secondary fractures represent the preferential flow paths for the groundwater flow and 

contaminant migration. The Daarby Fault acts as a flow barrier and separates the 

groundwater flow system into northern and southern compartments. 

4.9.2.1 Aquifer Thickness 

Aquifer thickness in the Grootegeluk Coal Mine area is dependent on the depth below the 

static water level of the deepest transmissive fractures. Although the number and 

transmissivity of fractures usually decrease with depth, such factures have been recorded at 

various depths in the Grootegeluk Coal Mine area (Roux, 2005). 

4.9.2.2 Groundwater Flow 

The pre-mining groundwater flow directions were towards the Mokolo and Limpopo Rivers as 

they are the primary receptors in the project area. Due to mine dewatering that started 

around 1980, groundwater flow is currently mainly towards the Grootegeluk Coal Mine open 

pit in the area around the pit west and south of the Daarby Fault (ERM, 2012a). In the areas 

north of the Daarby Fault and east of the Exxaro Mining Rights Area, groundwater flow is 

towards the Mokolo River. ERM (2012a) further illustrates in Figure 4-12 that the north-west 

of the Grootegeluk area, groundwater flow is mainly towards the Limpopo River. This 

indicates that the Grootegeluk pit and Mokolo and Limpopo Rivers are the primary 

groundwater discharge zones in the area. 
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Figure 4-12: Groundwater elevation and flow direction in 2009 for the Grootegeluk Coal 

Mine area (ERM, 2012a). 

Ground water levels have been influenced by mining in the following ways: 

• Decrease in groundwater level around the open pit due to seepage into the pit and 

abstraction of this water to maintain dry mining conditions; 

• Increased groundwater levels north of the Daarby fault due to increased artificial 

recharge because of surface water spills, unlined surface water containment facilities 

like tailings dams, process water dams and storm water control dams, as well as 

water drainage from product beds and stockpiles; 

• South of the Daarby fault drainage occurs towards the pit from all directions and this 

has resulted in a local cone of depression. It is estimated that the zone of influence 

is restricted to a radius of 3.5 km (Roux, 2009).  

• To obtain a preliminary estimate of the radius of influence of the mine dewatering, 

an analytical equation was applied by making simplifying assumptions for site specific 

properties and boundary conditions (ERM, 2012, ERM, 2012a). A radius of influence 

ranging between 5 to 12 km was estimated; and 

• The southern compartment is characterised by groundwater mounding caused by 

artificial recharge to underlying aquifers due to seepage from unlined storage dams, 

accumulations of storm water runoff in unlined storm water dams, runoff from spills, 
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from product beds, seepage from slimes handling facilities and general wastage of 

process water. 

4.9.2.3 Recharge 

The sources of recharge in the mining area include natural rainfall recharge as well as 

artificial recharge from several sources (TSF, waste rock dumps, coal stockpile and dams). 

ERM (2012a) states that due to the impermeable to low permeable nature of the Daarby 

Fault, local mounding of the water table occurred to the north of the fault in the northern 

compartment. Historically, the artificial recharge was variable and depended on the volume 

of water stored in the return water dams and degree of tailings saturation. Many of the dams 

were lined over time and seepage rates decreased accordingly (ERM, 2012). Recharge 

estimates by various investigators range between 0.005 to 6% of the MAP, with most agreeing 

that it should be in the order of ~1.5%. 

4.9.3 Groundwater Quality 

The mine infrastructure/facilities associated with waste water, coarse/fine residues, etc. 

are mostly located north of the interpreted impermeable to low permeable Daarby Fault on 

the basalt aquifer. These infrastructures/facilities include but are not limited to the pollution 

dams, process plants, waste rock dumps and tailing storage facilities (TSFs) which are all 

potential sources of acid mine drainage (AMD) and trace metals. Table 4-18 summarizes 

selected source areas and their most likely containments of concern: 

Table 4-18: Source areas and potential contaminants (adapted from ERM, 2012). 

Source Areas  Facilities  Potential Contaminants  
Coal Beneficiation Plants GG1 to GG6 (operational), 

GG7 and GG8 (new) 
Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, 
Metals i.e. Sb, Cd, Fe, Pb, Mn, 
Se 

Hydrometallurgical plant  Sintel Char Coking Plant Volatiles and hydrocarbon 
contaminants 

Unlined Pollution control Dams  Oliphant dam 
Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, Metals i.e. 
Sb, Cd, Fe, Pb, Mn, Se 

Contaminated water, 
hydrocarbons from Diesel, oil and 
lubricants used in machinery 

Mine workshop areas, plant 
areas 

Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, Metals i.e. 
Sb, Cd, Fe, Pb, Mn, Se 
Hydrocarbons & Organic 
compounds 

Fine residue Slimes dam 

Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, 
Metals i.e. Sb, Cd, Fe, Pb, Mn, 
Se 

Coarse residue Waste rock dumps 1 – 6, 
Coal stockpile area 

Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, 
Metals i.e. Sb, Cd, Fe, Pb, Mn, 
Se 

 

Seepage volumes, contaminants of concern, acid-base accounting (ABA) analysis and 

geochemical modelling results were not available for each of the source areas and as such 
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the potential for acid mine drainage is unknown. A large water quality database for 

Grootegeluk Coal Mine and surrounding areas exists as a result of the on-going monitoring 

program. The database was used to highlight any groundwater quality issues. 

Many of the source areas were lined over time, which reduced the rate of contaminant mass 

release significantly. The available monitoring data of 2009 indicates an increasing trend in 

sulphate concentration (and other contaminants) in the vicinity of these source areas and 

this may have a negative impact on the basalt aquifer. Most of the contaminant sources are 

located in the northern compartment on the basalt aquifer, which is the main water bearing 

zone. From the sulphate concentration distribution (ERM, 2012), it is evident that the impact 

is not restricted to the source areas only but contaminants do migrate to the east and south. 

Insignificant contaminant mass is however expected to have migrated across the Daarby Fault 

due to its impermeable nature. 

Groundwater quality is summarised as follows (Appendix E): 

• pH & Alkalinity: the pH at the majority of the boreholes was neutral with an average 

value of pH 7.24 for 204 samples. Boreholes with a low pH are located directly next 

to waste material sources.  

• Cations & Anions: Elevated concentrations occur mostly in the vicinity of the Waste 

Dumps, Tailings Storage Facilities and the Matimba Ash dump. Deteriorating 

conditions were observed at most of the sampling points over the past 10 years.  

The baseline conditions described by ERM (2012a) indicates that Sulphate (SO4) 

concentrations are most indicative of the impact mining related activities as well as 

power station related activities had on the groundwater environment since mining 

activities started in the Grootegeluk area in 1980.  

• Metals: Elevated Aluminium (Al), Iron (Fe) and Manganese (Mn) concentrations were 

observed predominantly at the Matimba Power Station and ash dump. Elevated 

Arsenic (As), Lead (Pb), and Cadmium (Cd) concentrations on the basalt unit directly 

east of the waste rock dumps and plant facilities, associated with poor water quality 

in terms of sulphate were observed. Elevated antimony (Sb) is spread over the study 

area, possibly a result of natural occurrence of antimony with the coal seams. 

• Volatile Organic Compounds: PID readings in the vicinity of the Sintel Char Plant did 

not detect VOCs (volatile organic compounds). This was supported by the laboratory 

results of the VOCs where limited organic compounds were detected in three soil 

samples analysed. Contaminants that tested positive are mainly PAHs (Poly-aromatic 

hydrocarbon) type contaminants. These concentrations are suspected to be residuals 

of historic dumps that existed at the current Sintel Char plant and are not expected 

to have been released by the plant (ERM, 2012). 
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• Groundwater Characterisation: Groundwater samples in most of the geological units 

present in the study area shows a mixed signature. 

4.9.4 Receptors and Groundwater Use 

The Mokolo River is the major receptor identified within the study area. Groundwater in the 

Lower Mokolo catchment area (DWAF quaternary catchments A, G &H) is mainly used for 

domestic supply, limited watering of gardens and for livestock watering.  

Groundwater use in the above-mentioned catchments however, is relatively low due to the 

low aquifer yields as well as the abundant surface water available in the Waterberg region. 

The low population density and low aquifer yields limit large-scale groundwater abstraction 

for irrigation and/or other uses. As a result, the groundwater resources are fairly under-

utilized. Groundwater at Grootegeluk Coal Mine is recovered through dewatering boreholes 

in the Letaba Basalt, and is used in the beneficiation plants, for dust suppression on haul 

roads and within the open pit mine, which is situated in the Upper Ecca formation across the 

Daarby fault (barrier to groundwater flow) (Golder, 2012f). 

Base flow is that part of stream flow that derives from groundwater and shallow subsurface 

storage. During the dry season, the stream flow is typically composed entirely of base flow. 

4.9.5 Groundwater Monitoring 

The purpose of the current monitoring programme at Grootegeluk Coal Mine is to understand 

the current conditions prior to rehabilitation and to identify future impact from mining 

operations on the groundwater systems. It is required for rehabilitation purposes to 

determine the occurrence, source and extent of contamination such as ARD, to verify decant 

predictions from groundwater modelling and to determine whether water treatment needs 

to be done as a part of rehabilitation.  

Groundwater quality and water levels are monitored in 101 boreholes (Figure 4-13) of which 

20 (Figure 4-15) are abstraction boreholes and 81 are monitoring boreholes. Water quality 

sampling is done on a biannual basis and water level monitoring on a monthly basis at all the 

boreholes.  

Table 4-19 sets out the monitoring requirements for ground water samples taken to assess 

possible impacts from the mine’s activities on the groundwater. The limits used are the 

drinking water quality standards (SANS241:2006) for Class 1 water. 

Table 4-19: Groundwater Monitoring Requirements. 

Constituent Unit Limits Frequency of 
measurement 

Electrical Conductivity  mS/m < 150 Biannually 
pH pH Units 5 – 9.5 Biannually 
Total Dissolved Solids, TDS mg/ℓ < 1,000 Biannually 
Sulphate, SO4 mg/ℓ < 400 Biannually 
Nitrate as N mg/ℓ < 10 Biannually 
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Constituent Unit Limits Frequency of 
measurement 

Chloride as Cl mg/ℓ < 200 Biannually 
Fluoride as F mg/ℓ < 1 Biannually 
Calcium as Ca mg/ℓ < 150 Biannually 
Magnesium as Mg mg/ℓ < 70 Biannually 
Sodium as Na mg/ℓ < 200 Biannually 
Potassium as K mg/ℓ < 50 Biannually 
Iron as Fe mg/ℓ <0.2 Biannually 
Manganese as Mn mg/ℓ < 0.1 Biannually 
Aluminium as Al mg/ℓ < 300 Biannually 
Water level 
Elevation mamsl  Once off 
Static Water Level (SWL) mbgl  Bi-annually 

 

4.10 WATER AND SALT BALANCE 

The water and salt balance for the Grootegeluk Coal Mine is constantly reviewed, with the 

latest review undertaken in 2021 (Appendix F). Water management at Grootegeluk Coal Mine 

is an important aspect of the mine’s operations from both an environmental perspective and 

an operational perspective. Water management at Grootegeluk Coal Mine revolves around 

three core aspects: 

• Water supply; 

• Dirty storm water management; and 

• Process water management. 

All three components are interlinked as both process water and storm water are harvested in 

the plant and on the tailings storage facilities. Process water has to be stored for re-use, as 

it cannot be released to the environment without treatment. An accurate water balance is 

therefore necessary to understand the projected water system and its implications in terms 

of risk and its associated mitigation requirements.
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Figure 4-13: Groundwater compliance monitoring points. 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 100 

 
Figure 4-14: Groundwater site monitoring points. 
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Figure 4-15: Groundwater abstraction boreholes. 
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4.10.1 Water Balance 

The mine-wide water balance includes the pit, coal plants, water dams and slimes dam. The 

mine water circuit consists of the following: 

• Pit area: the pit section, which receives water from rainfall , groundwater inflow and 

recharge through the rehab area.  

• Pit Sumps (Bench 11 & 13): The Bench 11 sump receives water p water from the 

plant via the channel to pit. This water currently seeps through the backfill and is 

captured in Bench 13. Water from the Bench 13 sump is then pumped back to the 

Beneficiation plants where it is reused in the process. This water can be used for dust 

suppression. 

• Oliphantskop Dam and Buffer Dam: The Olifantskop dam is currently being lined, 

however when back in operation water from the pit as well as the storm water from 

the plant will be pumped or channel here from where it will then be returned to the 

plant for reuse in the process.  The Buffer Dam is inactive but can be used as extra 

storage and receive water from the Pit Sump in case of emergency. 

•  Slimes Facility: The Slimes Facility receives slurry streams from GG1 Plant and GG2 

Plant (slimes from GG2 Plant also contain slimes from GG4 Plant). The slurry from 

the plants is disposed of at the slimes dam or at the cyclic ponds from where the 

excess water is pumped into the Cement Dam by a barge pump. Seepage from the 

dam is collected in a deep trench located south-east of the dam and pumped back 

into the Mamba dam. 

• Cement Dam and Mamba Dam: The Cement Dam receives return water from  Slimes 

Dam 1&2 and the Cyclic Ponds. Water from the Cement Dam is pumped directly to 

GG1 or/and to Bosbok Dam (formerly called Dam 20 000). The capacity of the 

concrete dam is relatively small. If the level in the Cement Dam is high enough, a 

pipe connects the Cement Dam with the Mamba dam. Mamba dam receives storm 

water runoff from its upstream catchment, seepage from Slimes Dam 1&2 and excess 

water from the Cement Dam. If the water level in the Mamba Dam is higher than its 

operational level (20% of its total capacity), water is pumped into the Cement Dam. 

• Bosbok Dam: Bosbok Dam provides extra storage for return water. It receives water 

from the Cement Dam and some of the runoff from the plant area. Water is first 

discharged into a settling pond where some of the suspended solids settle out and 

water overflows into the dam. Return water can then be pumped either to GG1 or 

GG2. 
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• GG1 Plant Area: The raw water dam is fed by some of the abstraction boreholes. 

Water pumped from the Pit Sump and/or Oliphantskop dam is topped up with raw 

water supplied from the Mokolo Dam (including raw water through the fire line 

system). The clarified water dam receives return water from Bosbok Dam and 

Concrete Dam. Water is mostly used in the plant for Relative Density (RD) control, 

flocculation and washing. Some of the water is pumped to the Char Plant. The excess 

water flows into the WP Slimes Dam. 

• GG2-8 Plant Area: GG2 Plant area includes GG2, GG3, GG4, GG5, GG6, GG7 and GG8 

Plants. The raw water dam is fed by some of the abstraction boreholes. Water 

pumped from the Pit Sump and/or Oliphantskop dam is topped up with raw water 

supplied from the Mokolo Dam (including raw water through the fire line system). 

The clarified water dam receives return water from Bosbok Dam. Water is mostly 

used in the plant for Relative Density (RD) control, flocculation and washing. Some 

of the water is pumped to the Reductants Plant.  

• Voëltjie Dam: The quality of water in the Voëltjie Dam is poor. Some of the raw 

water supplied from the Mokolo dam is pumped into the Voëltjie Dam for dilution 

purposes. 

• Reductant Plant Area: The Reductants Plant Dam receives some of its water from 

GG1, GG2 plant and raw water from the Mokolo Dam. Water is used for process 

purposes. Some of the water is lost through the cooling system. 

4.10.1.1 GoldSim Modelling Environment 

The water balance for Grootegeluk Coal Mine was built using GoldSim, a dynamic system 

modelling package, which is a graphical object-oriented modelling environment with an in-

built capacity to carry out dynamic probabilistic simulations.  

GoldSim uses equations and rules to simulate a system quantitatively in order to identify and 

understand the factors that control a system or to predict the future behaviour of the system.  

The mine water balance is dynamic and depends on many factors, including rainfall, mine 

plan, floor contours, rehabilitation scheduling and standards, as well as mine water 

requirements. The mine uses a system of dams, pumping circuits, diversions and management 

options such as dust suppression and evaporation to manage the water on the mine complex. 

To represent the mine water management system, the following elements have been included 

in the model: 

• Surface runoff element; 

• Dam element; 

• Tailings Storage Facility; 
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• A rehab element; 

• Coal plant; and 

• Climate element. 

Elements modelling: 

Surface Runoff Element 

This is the runoff from pervious catchment areas. A single soil layer model together with the 

SCS runoff equation is used to model the soil moisture budget. 

Dam Element 

The inflows of a typical dam element are: 

• Runoff from a catchment area; and 

• Pumping inputs, which could be one of the routes from the mine workings or pumping 

from other dams in the system; 

• Rainfall directly on the surface of the dam; 

The outputs from a typical dam are: 

• Evaporation from the surface of the dam; 

• Seepage from the dam floor; 

• Pumping from the dam; and 

• Spillage from the dam when the dam is full and overflows. 

Rehabilitated area element 

Recharge through the rehabilitated area is the volume of water that escapes from the 

evaporation zone and percolates through the soil or spoil body to the floor of the pit. 

Coal Plant element 

The inputs of the coal plant are: 

• Moisture in the Run of Mine (ROM); 

• The make-up water into the plant required to run the plant; and 

• The recycle from the tailings dam. 

The outputs of the coal plant are: 

• The water in the discard and the coal product; 

• The water in the slurry pumped to the filter press; and 
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• Losses incurred within the plant. 

Sump pump element 

The model assumes that water is pumped from the workings sump into a dam. The pumping 

rate from the sump to the dam is limited by the sump pump capacity. 

Climate element 

The model must be capable of satisfactorily preserving key statistical properties of rainfall 

simultaneously at daily, monthly and annual timescales. This must be based on localized 

rainfall records. Both daily rainfall records and historical rainfall records are used. The 

historic records can be used as input into the model and used for model calibration purposes. 

A stochastic daily rainfall generator is a model capable of reproducing key statistical 

characteristics of historic records at not only a daily level but also monthly levels. 

In the absence of an evaporation pond on site to record actual evaporation, the mean monthly 

evaporation for the area was used in the model. 

4.10.2 Salt Balance 

The salt balance model requires a water quality component to be incorporated into the flow 

component in order to simulate Total Dissolved Solids (TDS) loads in the system. The mass 

balance approach provides a mechanism for tracking changes of volume of water and specific 

elements in the water system depending on the loads that are flowing between various 

storage areas. This approach provides a good indication of the general water quality in a 

water system. 

4.11 AIR QUALITY 

4.11.1 Regional Air Quality Overview 

4.11.1.1 Priority Management Area 

The Grootegeluk Coal Mine operations are located in the recently declared Waterberg- 

Bojanala Priority Area. The declaration of this area as a priority area will have an impact on 

the current and future air quality management practices undertaken by Grootegeluk Coal 

Mine. 

4.11.1.2 Agricultural Activities 

Agricultural activities such as tilling, harvesting and biomass burning contribute to particulate 

concentrations. Biomass burning is an incomplete combustion process that produces PM10, 

CH4, CO and NO2. Emissions from agricultural activities are difficult to control due to their 

seasonality and the large surface area producing emissions (USEPA, 1995). Most of the 

agricultural activities around the mine appear to be of a subsistence farming nature as well 

as game farming. 
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4.11.1.3 Industrial Activities 

This region is characterised by various industrial activities, including brickworks, coal fired 

power stations (Matimba and Medupi, with the latter currently being under construction), 

landfills and sewage works. 

Brickworks: 

A brickworks operates on the farm Hangklip and it produces approximately 2 million bricks 

per month via clamp kiln operations. One of the Grootegeluk Coal Mine SO2 monitoring points 

is located approximately 500 m from the brickworks. 

Brick manufacture typically involves quarry operations, crushing, screening, blending of raw 

materials, and the forming, cutting or shaping, drying or curing, and firing of the final 

product. Emissions from brick manufacturing facilities include particulate matter (dust 

fallout, PM10 and PM2.5), sulphur dioxide (SO2), sulphur trioxide (SO3), nitrogen oxides 

(NOx), carbon monoxide (CO), carbon dioxide (CO2), total organic compounds (including 

methane, ethane, volatile organic compounds (VOC) and some hazardous air pollutants 

(HAP), hydrochloric acid and fluoride compounds).  

Particulate emissions are primarily produced via the material handling operations, fuel 

handling operations and as fugitive emissions from paved roads, unpaved roads, stock and 

storage piles. During clamp kiln firing, combustion products such as SO2, NOx, CO, CO2 are 

emitted from the fuel combustion processes. Organic compounds are emitted from the firing 

and drying processes. Hydrogen fluoride (HF) is sometimes emitted if there are fluorine 

compounds in the raw materials. 

Sewage Treatment Plants: 

Volatile organic compound emissions are associated with sewage and wastewater treatment 

works. Pollutants measured at local works have included: hydrogen sulphide, mercaptans, 

ammonia, formaldehyde, acetone, toluene, ethyl benzene, xylenes, tetrachloroethylene, 

butyric acid, propionic acid, valeric acid and acetic acid. 

Power Plants: 

The Waterberg region has one active power plant and one power plant under construction 

(Matimba and Medupi respectively). Air pollutants released by coal-fired power stations 

include primarily particulates, sulphur dioxide (SO2), nitrogen oxides (NOx), nitric oxide 

(NO), nitrogen dioxide (NO2), carbon monoxide, carbon dioxide (CO2), nitrous oxide (N2O), 

and trace amounts of mercury. CO2 and N2O represent greenhouse gases and are therefore 

of concern despite not resulting in direct health effects. 
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4.11.1.4 Mining Activities 

Dust emissions may be generated by wind erosion of open aggregate storage piles and exposed 

areas. Dust emissions occur when the threshold wind speed is exceeded (Cowherd et al., 

1988). Dust generated by these sources is termed ‘fugitive dust’ as it is not emitted to the 

atmosphere in a confined flow stream (USEPA, 1995). These emissions are often difficult to 

quantify as they are very diffuse, variable and intermittent (Ministry of the Environment, 

2001). Factors that influence the rate of wind erosion include surface compaction, moisture 

content, vegetation, shape of storage pile, particle size distribution, wind speed and rain. 

Fugitive dusts generated from mining operations are anticipated to be one of the dominant 

emissions during the operational phase.  

The Char Plant operations generate fugitive particulate and trace gas emissions, including 

particulates (TSP, PM10 and PM2.5), SO2, NOx, CO, CO2, polycyclic aromatic hydrocarbons, 

and VOCs. 

4.11.1.5 Domestic Fuel Burning 

Domestic burning of coal emits large amounts of gaseous and particulate pollutants, including 

sulphur dioxide, heavy metals, total and respirable particulates, inorganic ash, carbon 

monoxide, polycyclic aromatic hydrocarbons, and benzo(a)pyrene. Pollutants arising from 

the combustion of wood include respirable particulates, nitrogen dioxide, carbon monoxide, 

polycyclic aromatic hydrocarbons, particulate benzo(a)pyrene and formaldehyde. The main 

pollutants emitted from the combustion of paraffin are nitrogen dioxide, particulates, carbon 

monoxide and polycyclic aromatic hydrocarbons. Both formal and informal housing exist 

throughout the region. It is thus highly likely that certain households within the communities 

use coal, wood and paraffin for space heating and/or cooking purposes. Emissions from these 

sources therefore impact the regional air quality, especially during the winter period due to 

the increased demand for space heating and the lower dispersion potential. 

4.11.1.6 Biomass Burning 

Biomass burning may be described as the incomplete combustion of natural plant matter with 

carbon monoxide, methane and nitrogen dioxide being emitted during the process. During 

the combustion process, approximately 40% of the nitrogen in the biomass is emitted as 

nitrogen, 10% remains in the ashes and it is assumed that 20% of the nitrogen is emitted as 

higher molecular weight nitrogen compounds. In comparison with the nitrogen emissions, 

only small amounts of sulphur dioxide and sulphate aerosols are emitted. With all biomass 

burning, visible smoke plumes are typically generated. These plumes are created by the 

aerosol content of the emissions and are often visible for many kilometres from the actual 

source of origin.  
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The extent of emissions liberated from biomass burning is controlled by several factors, such 

as: 

• The type of biomass material; 

• The quantity of material available for combustion; 

• The quality of the material available for combustion; 

• The fire temperature; and 

• Rate of fire progression through the biomass body. 

Wild fires represent significant sources of combustion-related emissions associated with the 

natural veldt areas. Given that wildlife/game management prevails in the Grootegeluk Coal 

Mine area, wild fires are likely to be more important than controlled burning related to 

agricultural activities. Fires are reported to occur relatively infrequently in the area, however 

typically the fire season corresponds with the winter period when the quantity and quality 

(in terms of combustibility) of the available material is at its maximum. 

4.11.1.7 Vehicle Emissions 

Air pollution generated from vehicle emissions may be grouped into primary and secondary 

pollutants. Primary pollutants are those emitted directly to the atmosphere as tail-pipe 

emissions, whereas secondary pollutants are formed in the atmosphere as a result of 

atmospheric chemical reactions, such as hydrolysis, oxidation, and photochemical reactions. 

The primary pollutants emitted typically include carbon dioxide (CO2), carbon monoxide 

(CO), hydrocarbons (including benzene, 1.2-butadiene, aldehydes and polycyclic aromatic 

hydrocarbons), sulphur dioxide (SO2), oxides of nitrogen (NOx) and particulates. Secondary 

pollutants formed in the atmosphere typically include nitrogen dioxide (NO2), photochemical 

oxidants such as ozone, hydrocarbons, sulphuric acid, sulphates, nitric acid, and nitrate 

aerosols.  

The quantity of pollutants emitted by a vehicle depends on specific vehicle-related factors 

such as vehicle weight, speed and age; fuel-related factors such as fuel type (petroleum or 

diesel), fuel formulation (oxygen, sulphur, benzene and lead replacement agents); and 

environmental factors such as altitude, humidity and temperature (Samaras and Sorensen, 

1999). 

4.11.1.8 Unpaved Roads and Exposed Areas 

Particulate emissions from paved roads occur when loose, spilt material becomes suspended 

as vehicles travel across the road surface. At industrial and construction sites the surface 

loading is continually replenished by spillage of material from vehicles. Various field studies 

have shown that even paved roadways can be major sources of atmospheric particulate 

matter (EPA, 1996). The force of the wheels of vehicles travelling on unpaved roadways 
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results in the road surface being exposed to strong air currents in turbulent shear with the 

surface. The turbulent wake behind the vehicle continues to act on the road surface after 

the vehicle has passed. The quantity of dust emissions from unpaved roads varies linearly 

with the volume of traffic. 

4.11.2 Air Quality Monitoring 

The Grootegeluk Coal Mine undertakes ambient air quality and meteorological monitoring. 

The monitoring network consists of: 

• One Air Quality Multi Monitor which monitors PM10, PM2.5 and SO2 (Figure 4-16); and 

• A dust fallout monitoring network consisting of 12 single directional dust fallout 

buckets that are placed on the mine’s perimeter (Figure 4-17). 

 

 
Figure 4-16: Upwind position of the Air quality Multi Monitor for PM10, PM2.5 and SO2 

positioned at the closes sensitive receptor to the mine. 
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Figure 4-17: Particulate dust fallout monitoring points. 

4.11.2.1 Particulate Monitoring – PM10 

Baseline PM10 concentrations in this region appear to be relatively low, as indicated by the 

monitoring data from the two E-sampler monitoring stations for the monitoring period 01 

January 2010 to 17 December 2010. At no time during the monitoring period was the 24 hour 

average standard of 120 µg/m3 exceeded on either of the E-Samplers (Figure 4-18). It is 

noted however that the data recovery of both units was well below the 80% data recovery 

level required for reliability. 
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Figure 4-18: Daily Average PM10 concentrations for 2010 (Source: Exxaro: DRAFT Air 

Quality Monitoring Report For Grootegeluk Coal Mine Date: January 2011) 

4.11.2.2 Dust Fallout Monitoring 

Dust fallout monitoring has been undertaken at the Grootegeluk Coal Mine from 

approximately December 2006. The results analysed during the air quality impact assessment 

indicate exceedances of both the residential and industrial guideline levels (SANS 1929:2005) 

at various monitoring sites. In considering the frequency and level of exceedances, Golder 

(2012) is of the opinion that the impacts of the Grootegeluk Coal Mine current operations are 

within the range of what would normally be anticipated for such a coal mining environment.  

Furthermore, on average, the impacts are not significantly decreasing the ambient air 

quality, except for when exceedances occur, which is relatively infrequent.  

4.11.2.3 Trace Gas Monitoring 

Trace gas monitoring is currently done via the Air Quality Multi Monitor and is focused on SO2. 

Where areas of concern has been highlighted by neighbours the mine is also doing continuous 

H2S and CO2 monitoring. 

Reductant Plant Emissions Monitoring: 

Emissions monitoring was conducted at the Char Plant on Boiler Stacks 1 (gaseous 

measurements for NOX and SO2, particulate matter, VOC and polycyclic aromatic 

hydrocarbons) and 2 (gaseous measurements for NOX and SO2, particulate matter, PAH and 

VOC) and the Destructor Stack 2. Destructor Stack 1 was monitored for NOX and SO2, and one 

measurement each for particulate matter and PAHs. 

The main findings from this short duration survey indicated the following: 
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• NOX emissions from Boiler Stack 1 (diesel fuelled) and Destructor Stack 1 (235.08 and 

71.47 mg/m3, respectively) were well below the APPA limit of 700 mg/Nm3 

throughout the test periods; 

• NOX concentrations from Boiler Stack 2 (recycled gas fuelled) were significantly 

higher than the APPA limit (2459.70 mg/m3);  

• SO2 concentrations from Boiler Stack 1 were significantly lower than the APPA limits 

(75.92 mg/m3); 

• SO2 concentrations from Boiler Stack 2 and Destructor Stack 1 were higher than the 

APPA limit, with Boiler Stack 2 concentrations being significantly higher (2256.34 

mg/m3) and Destructor Stack 1 concentrations marginally higher (582.22 mg/m3); and  

• All particulate matter, PAH and VOC concentrations for all three stacks monitored 

were significantly lower than the APPA limits. 

It should be noted that the Reductant Plant has not been operational since 2018. The mine 

has also submitted the renewal at the Air Quality Emissions license for this facility in 2020 

and is waiting for the renewed license to be issued.  The current license however remains in 

force until the issue of the renewed license. 

4.12 NOISE AND VIBRATION 

4.12.1 Aspects of Acoustical Significance 

4.12.1.1 Terrain 

The Waterberg area is mainly flat, with some rolling plains. It is bordered to the south-east 

by the Waterberg Mountain Range, the most prominent topographical feature in the district, 

and the Limpopo River to the north-west. There is a gentle fall of the land from east to west 

across the development areas towards the Limpopo River. 

4.12.1.2 Meteorological Aspects 

One of the main meteorological aspects that will affect the transmission of the noise is the 

wind. Wind can result in periodic enhancement of noise levels downwind or reduction upwind. 

Analysis of the wind records for the area indicated that overall the main prevailing winds 

blow from the northeast.  

Atmospheric temperature inversions also have a significant effect on noise propagation. 

Temperature inversions tend to increase noise levels at some distance from a source. This 

occurs mainly at night or to a lesser extent during cloudy days away from large bodies of 

water. 
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4.12.2 Noise Survey and Receptors 

A noise survey and impact assessment for the Grootegeluk Coal Mine area was conducted 

during the first half of 2012 by Jongens Keet Associates (Appendix H). The study area 

consisted of a 15 km radius around the current Grootegeluk Coal Mine area and includes a 

comprehensive assessment of all noise impact descriptors.  

To determine the existing conditions a measurement survey was conducted across the entire 

study area, with the focus on the identified noise sensitive/problem areas. 

The analysis for the operational phase of the Grootegeluk Coal mine focussed individually on 

the following areas: 

• The opencast pit, including blasting; 

• The coal processing plant; 

• The various stockpiles; 

• Dumps; and 

• The slimes dams. 

4.12.2.1 Noise Sources and Receptors 

The following conditions were observed in the area and the following aspects were 

determined from the surveys, calculations of noise indicators and the predictive modelling 

undertaken: 

• The main sources of noise in the area are from traffic on the main roads, Matimba 

Power Station, power station infrastructure remote from the facility, Medupi Power 

Station (still under construction) and Grootegeluk Coal Mine. These noise sources are 

significant contributors to a degraded noise climate. 

• The main noise sensitive receptors in the area are residential and educational areas. 

Noise Sources: 

The following findings were made with regard to noise sources within the study area: 

• With regard to traffic noise from Nelson Mandela Drive, existing residences in the 

residential areas of Lephalale (Ellisras) and Onverwacht are impacted up to 

approximately a 500 meter offset from the road (night-time conditions). In these 

areas the noise levels exceed acceptable suburban residential living conditions as 

specified in SANS 10103. Ideally the ambient noise level should not exceed 50dBA 

during the daytime period (06h00 to 22h00) and 40dBA during the night-time period 

(22h00 to 06h00).  
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• Ambient noise levels due to traffic in the areas along Steenbokpan Road (D1675) and 

Road D2001 (north of the Coal Mine) are not high and impact is not significant. 

• Noise levels from Matimba Power Station adversely affect the daytime noise climate 

at any residences in the surrounding area for up to a distance of 3,000 meters around 

the facility, based on the rural standards that need to be applied for this area. At 

night the radius of impact increases to approximately 6,500 meters. 

• At present, Medupi Power Station is under construction. There will be cumulative 

effects between the noise from the Matimba and Medupi Power Stations that will 

enlarge the individual noise footprints of these two sources of noise. The predicted 

noise footprint when the power station is commissioned is estimated to adversely 

affect the daytime noise climate at any residences in the surrounding area for up to 

4,700 meters around the facility base on the rural standards that need to be applied 

for this area. At night the radius of impact increases to approximately 9,500 meters.  

• There are also noise sources associated with Matimba Power Station equipment at 

locations remote from the power station as well as other isolated (or infrequent) 

noise sources such as: 

o Coal conveyor belt from the Coal Mine to the power station and the 

conveyor belt transporting the ash residue from Matimba power 

station to the ash dump; 

o Operations at the ash dump that include the dumping and spreading 

of the ash, and the rehabilitation of the dump; 

o The sewage works serving the power station, which is located 3 

kilometres to the north of the power station; and 

o An intermittent source of noise is the coal haul trains on the railway 

line from the Grootegeluk Coal Mine to Thabazimbi. There are at 

present two trains per day. 

Noise Receptors: 

The following findings were made with regard to noise receptors within the study area: 

• The main noise sensitive receptors in the area are: 

o The town of Lephalale (Ellisras). The nearest section of the town to 

the study area, namely Onverwacht Township, lies approximately 5 

kilometres to the south-east of the Coal Mine; 

o Marapong Township lies 650 meters to the north-east of Matimba 

Power Station; 
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o There are numerous farmhouses and farm labourers’ houses spread 

throughout the study area; 

o There are several farm schools spread out through the study area; 

o There are schools in Lephalale but these are too far away from the 

Grootegeluk Coal Mine to be affected; and 

o The areas relatively far from the main roads, Matimba Power Station 

and the Medupi Power Station construction activities are generally 

very quiet. Most of the area has a typical rural noise climate. 

Calculation of Noise Footprint: 

Conditions where thermal inversions occur were modelled and two scenarios were analysed 

namely: 

• Pre-2013 situation excluding the mining and processing operations for Medupi Power 

Station; and 

• Post-2013 situation that include the mining and processing operations for Medupi 

Power Station. 

4.12.2.2 Noise Climate 

Open Cast Pit Operations: 

Noise from the opencast pit operations will be either continuous or intermittent. The loudest 

continuous noise sources will be from pneumatic drills, excavators, face shovels, loaders, 

bull-dozers, dewatering pumps and coal haul trucks. Intermittent noise will be generated by 

blasting and ancillary transport in the pit. 

The ambient noise climate that will be generated by virtually continuous mining is calculated 

to be as indicated in Table 4-20. The offset distances shown are from the edge of the pit. 

These are for unmitigated conditions. 
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Table 4-20: Calculated ambient noise conditions from the Opencast Pit Operations 

(unmitigated) (Jongens Keet Associates, 2012). 
Sc

en
ar

io
 

Time Period 

Sound pressure level at given offset(dBA) 

100m 500m 1000m 2000m 3000m 4000m 5000m 6000m 

Pr
e-

20
13

 Daytime 
(06h00–22h00) 

LReq,d 
78.9 64.0 57.1 40.6 44.7 41.0 37.9 35.3 

Night 
(22h00-06h00) 

LReq,n 
78.9 64.0 57.1 40.6 44.7 41.0 37.9 35.3 

Po
st

-2
01

2 

Daytime 
(06h00–22h00) 

LReq,d 
81.6 66.7 59.7 52.2 47.3 43.6 40.5 37.9 

Night 
(22h00 -06h00) 

LReq,n 
81.6 66.7 59.7 52.2 47.3 43.6 40.5 37.9 

 

The mining operation is virtually continuous over 24 hours with activities remaining similar, 

and therefore the contours for the noise generated for daytime and night-time periods will 

be the same. 

The overall 35dBA noise contour encloses a large area of approximately 20 kilometres in an 

east to west direction by 18 kilometres in a north to south direction (post-2012 scenario). 

Refer Figure 4-19 and Figure 4-20. 

There is the potential for several noise sensitive receptors to be impacted by the mining 

operations, particularly during night-time. Noise from blasting at noise sensitive receptors 

relatively close to the opencast pit can create a major noise nuisance. This will however be 

dependent on the time and frequency of blasting. 
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Figure 4-19: Noise Profile of the Opencast Pit (Pre-2013) (Jongens Keet Associates, 2012) 

 

 
Figure 4-20: Noise profile of the Opencast Pit Operations (Post-2013) (Jongens Keet 

Associates, 2012) 
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Coal Processing 

Noise generated by the coal processing plant will be virtually continuous. The loudest 

continuous noise will be from crushers, conveyor system, grizzly & sizing screens, front end 

loaders, cyclones, coal washing plant, pumps and the compressor house.  

The ambient noise climate generated by the virtually continuous operations was calculated 

as indicated in Table 4-21. 

Table 4-21: Calculated ambient noise conditions at the Coal Processing Plant 

(unmitigated) (Jongens Keet Associates, 2012) 

Sc
en

ar
io

 

Time Period 

Sound pressure level at given offset 
(dBA) 

100m 500m 1000m 2000m 3000m 4000m 5000m 6000m 

Pr
e-

20
13

 Daytime 
(06h00 – 22h00) 

LReq,d 
79.4 64.4 57.4 49.6 44.6 40.8 37.6 34.9 

Night 
(22h00 – 06h00) 

LReq,n 
79.4 64.4 57.4 49.6 44.6 40.8 37.6 34.9 

Po
st

-2
01

2 

Daytime 
(06h00 – 22h00) 

LReq,d 
80.8 65.9 58.9 51.1 46.2 42.3 39.2 36.4 

Night 
(22h00 – 06h00) 

LReq,n 
80.8 65.9 58.9 51.1 46.2 42.3 39.2 36.4 

 

There is a potential for noise sensitive receptors to be impacted on particularly during night-

time. Refer to the 35dBA noise contours on Figure 4-21 and Figure 4-22. However, 

intermittent loud noises are likely to be heard further afield than the position of the 35dBA 

contour. 
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Figure 4-21: Noise profile of the Processing Plant (Pre-2013) (Jongens Keet Associates, 

2012) 

 
Figure 4-22: Noise profile of the Processing Plant (Post-2013) (Jongens Keet Associates, 

2012) 
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Stockpiles 

Several stockpiles generate noise, the main ones being towards the north-east of the 

processing plant. The noise footprint of the stockpiles is within the pit mining operations and 

process plant operations.  

The ambient noise climate is calculated in Table 4-22 and Figure 4-23 and Figure 4-24. The 

daytime and night-time conditions at various offsets from the centre of the operations are 

shown under unmitigated conditions. 

Table 4-22: Calculated ambient noise conditions for the Stockpiles (unmitigated) (Jongens 

Keet Associates, 2012) 

Sc
en

ar
io

 

Time Period 

Sound pressure level at given offset 

(dBA) 

100m 500m 1000m 1500m 2000m 

Pr
e-

20
13

 Daytime 
(06h00 – 22h00) 

LReq,d 
63.7 47.6 39.8 34.8  

Night 
(22h00 – 06h00) 

LReq,n 
63.7 47.6 39.8 34.8  

Po
st

-2
01

2 

Daytime 
(06h00 – 22h00) 

LReq,d 
65.5 49.4 41.5 36.5 32.7 

Night 
(22h00 – 06h00) 

LReq,n 
65.5 49.4 41.5 36.5 32.7 

 

There are no noise sensitive receptors that are being impacted on, but intermittent short-

term loud noises are likely to be heard further afield than the 35dBA contour. 
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Figure 4-23: Noise profile of the Stockpiles (Pre-2013) (Jongens Keet Associates, 2012) 

 
Figure 4-24: Noise Profile of the Stockpiles (Post-2013) (Jongens Keet Associates, 2012) 
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Various dumps 

Sounds generated by the dump operations such as the bulldozers and conveyor drive house 

will be the loudest continuous sources of noise. Noise from the haul trucks between the pit 

and dumps will be intermittent.  

The ambient noise climate generated by the operations at the various dumps was calculated 

to be as indicated in Table 4-23 and shown in Figure 4-25. The daytime and night-time 

conditions at various offsets from the centre of operations are shown under unmitigated 

conditions. 

Table 4-23: Calculated ambient noise conditions from the Dumps (unmitigated) (Jongens 

Keet Associates, 2012) 

Time Period 
Sound pressure level at given offset 

(dBA) 

100m 500m 1000m 1500m 2000m 2500m 3000m 3500m 
Daytime 

(06h00 – 22h00) 
LReq,d 

69.9 54.9 48.0 43.6 40.3 37.7 35.5 33.5 

Night 
(22h00 – 06h00) 

LReq,n 
69.9 54.9 48.0 43.6 40.3 37.7 35.5 33.5 

 

 
Figure 4-25: Noise profile of the Dump Construction (Jongens Keet Associates, 2012) 

The noise footprint from the dumping operations will not be static. Dumping operation will 

not take place over the entire area at any one time, but the area will be worked 

incrementally. The noise levels from the sections being worked will vary as the height of the 
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dump increases, causing the noise footprint to increase. Noise sensitive receptors close to 

the dumps will be shielded as the dump height increases. 

The noise footprint shown is for the operations over the full period that the dump will be 

worked. It is the total noise envelope covering the noise generated by the entire dumping 

area for all situations over the full operational phase of the dump. It indicates the worst 

situation that could occur at any specific receiver point. 

Slimes Dams Pumps 

The noise footprint of the return water pumps at the slimes dams is relatively small. It has 

been modelled because it is one of the northernmost noise sources. It has been calculated 

that the 35dBA noise contour lies completely within that of the pit mining operations and the 

processing plant. 

The ambient noise climate generated by the return water pumps at the slimes dams was 

calculated as indicated in Table 4-24 and shown in Figure 4-26. The daytime and night-time 

conditions at various offsets from the centre of operations are shown. 

Table 4-24: Calculated ambient noise conditions for the Return Water Pumps 

(unmitigated) (Jongens Keet Associates, 2012) 

Time Period 

Sound pressure level at given offset 

(dBA) 

100m 180m 300m 500m 800m 
Daytime 

(06h00 – 22h00) LReq,d 
69.9 54.9 48.0 43.6 40.3 

Night 
(22h00 – 06h00) LReq,n 

69.9 54.9 48.0 43.6 40.3 
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Figure 4-26: Noise profile of the Slimes Dams Pumps (Jongens Keet Associates, 2012) 

The noise footprint form the return water pumps at the slimes dams is relatively small, and 

forms one of the northernmost noise sources. No sensitive noise receptors will be impacted 

on by the pump operations. 

Mine Generated Traffic 

The existing daily traffic generated by the mine is 2670 vpd (vehicles per day), 20% of which 

are heavy vehicles. When the production for Medupi comes on line (post-2012), the traffic is 

estimated to increase to 2885 vpd, 18% of which will be heavy vehicles. This translates into 

an increase of 0.1dBA along the main roads, which will not be perceptible. 

Impact of the Mine on the Noise Climate of the Study Area 

The study area is already degraded by several sources of noise, specifically the noise from 

the Matimba Power Station and the Grootegeluk Coal Mine. Another major source of noise 

will be added to the existing noise climate when Medupi Power Station is commissioned. The 

area shaded in green in Figure 4-27 indicates the impact that the Coal Mine alone has on 

areas that are not degraded by the noise from the power stations. 
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Figure 4-27: Area impacted by the Colliery and Outside Areas of Influence of the Power 

Stations (Post-2012) (Jongens Keet Associates, 2012) 

Noise Monitoring 

Grootegeluk Coal Mine is currently undertaking bi-annual ambient noise measuring at the 

points indicated in Figure 4-28 below. In May 2022 it was found that the prevailing ambient 

noise levels at the measuring points were in line with the noise levels expected along the 

boundaries of a mining area and did not exceed the 70.0dBA threshold value. 
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Figure 4-28: Noise measuring points (dBAcoustics, 2012) 

4.12.3 Vibration 

Grootegeluk Coal Mine commissioned Blast Management & Consulting (BM&C), in 2005, to 

conduct a study to assess the ground vibrations and air blast impacts associated with the 

Grootegeluk mining operations (Appendix H). The study monitored ground vibrations and air 

blasts for the period June 2005 to August 2005. The monitoring points were located on the 

mine boundary and on farms west of the mine property. The two locations on the farms were 

due to complaints by the two farmers of damage to cement dams.  

Two continuous monitoring units where operational on site, but due to the restricted battery 

life as well as limited personnel, the monitoring was stopped in 2010. Currently the mine is 

in the process of identifying other ways of monitoring vibration on site on a continuous basis. 

Once an alternative is selected, this monitoring will again be implemented. 

4.12.3.1 Ground Vibration 

Vibrations are caused by the transmission of shock waves from the detonating explosive 

charge through the medium that is blasted. The vibration or seismic waves will spread radially 

from the source, decaying rapidly with increasing distance. Three main types of vibration are 

generated during an explosion. These are:  

• Compressive;  

• Shear; and  

• Surface waves.  
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These categories are divided into two varieties, namely body and surface waves. Body waves 

propagate through the body of the rock and soil and surface waves are transmitted along the 

upper ground surface.  

Explosions produce mainly body waves at short distances, moving outwards in a spherical 

manner until these intersect with a different rock layer or the surface. Here shear and surface 

waves are produced. All three wave types produce different patterns of motion of soil and 

rock particles, and structures built on soil or rock will be deformed differently (BM&C, 2005). 

4.12.3.2 Air Blast and Sound 

BM&C (2005) states that explosives generate pressure waves, which are referred to as air 

blast. These pressure waves can also be described with time histories like vibration where 

the amplitude is air pressure instead of particle velocity. Two groups of frequencies can be 

described: higher frequencies, which are the audible part of the pressure wave and the lower 

frequencies, which are inaudible. It is this inaudible part that excites structures and in turn 

causes a secondary and audible rattle within a structure. 

4.12.3.3 Monitoring Programme 

BM&C (2005) initiated a monitoring process that monitored positions on the two farms and 

close to the mine. The monitoring points were located on the mine boundary and on the 

farms west of the mine property. The two locations on the farms were due to complaints by 

the two farmers of damage to cement dams. Instantel Minimate Blasters were used to monitor 

these locations. The monitors were placed in steel cages that were fixed to a cement plinth. 

The geophone sensors were fixed to the plinth and the airblast microphone inserted in an 

open tube facing the direction of the mine (Figure 4-29). The monitoring period was from 

09 June 2005 till 15 August 2005, and measurements were taken daily from 07:00 to 19:00 

(BM& C, 2005). 

Table 4-25: Instrumentation Setup (BM&C, 2005) 

Seis. Location Notes Lat Lon Trig. PV Trig. dB Rec. Time 

Point 1 Erasmus S23.66766 E27.45665 1.0 120 5 
Point 2 Steenkamp S23.64455 E27.45420 1.0 120 5 
Point 3 Mine Boundary S23.67128 E27.51696 1.5 120 5 

Explanation of column headings: 
Seis. Location:   Position of Ground Vibration Monitor 
Notes:    Farm Owner 
Lat / Lon:    Handheld GPS position of point 
Trig. PV:    Trigger Peak Particle velocity (mm/s) 
Trig. DB:    Peak Air Blast Recorded (dB) 
Rec. Time:   Record time length after trigger (s) 
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Figure 4-29: Area impacted by the Colliery and Outside Areas of Influence of the Power 

Stations (Post-2012) (Jongens Keet Associates, 2012) 

During the period of June to August 2005 ground vibration and airblast was monitored at 

three different positions on a daily basis. The three positions were at the mine boundary and 

on two farms. Ground vibration and airblast results were registered mainly on the monitor at 

the mine boundary. The two monitors on the farms did not show any events that can be 

associated with ground vibration or airblast. Some stray events were registered due to 

opening and closing of the steel cages (BM&C, 2005).  

Table 4-26 shows the statistical summary for data recorded. Minimum, maximum, average 

and mode are indicated in the table for the data registered. 

Table 4-26: Statistical data of events recorded (BM&C, 2005) 

Stats: L-PPV T-PPV V-PPV L-Freq T-Freq V-Freq RPPV dB 

Minimum 0.13 0.13 0.10 4.61 4.03 5.45 0.18 120.40 
Maximum 24.50 14.20 24.00 30.10 23.30 21.30 27.50 147.50 
Average 3.96 3.08 4.08 12.82 12.65 12.75 5.59 130.16 
Mode 0.13 0.13 0.13 16.50 16.00 18.30 0.22 123.20 

Explanation of column headings: 
Date:   Date event recorded 
Time:   Time event recorded 
SSU Location: Position of Ground Vibration Monitor 
L, T & V-PV:  Longitudinal, Transverse & Vertical peak particle velocities (mm/s) 
L, T & V-FR:  Longitudinal, Transverse & Vertical dominate frequencies (Hz) 
RPPV:   Resultant Peak Particle velocity (mm/s) 
dB:   Peak Air Blast Recorded (dB) 
 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 129 

Figure 4-30 shows the summary of the ground vibration and airblast events recorded in 

graphical from for the project period. Data from all three monitors are displayed (MB&C, 

2005). 

 
Figure 4-30: Results for ground vibration and airblast events for the project period 

(BM&C, 2005). 

Vibration monitoring is currently taking place on a continuous basis. The position of the 

continuous Vibration Monitor is indicated in Figure 4-31 below. 

 
Figure 4-31: Location of the Vibration Monitor 
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4.13 WASTE MANAGEMENT 

Waste management at the site is described in the mine’s Standard Practice Instruction 

(SPI/GG/H03.005) (Exxaro, 2011). The integrated waste management system at the mine 

consists of the following steps: 

• Avoidance and prevention of waste generation; 

• Reduction and re-use of waste; 

• Recycling and recovery of waste; and 

• Appropriate disposal.  

The wastes on site are segregated into: 

• General waste; 

• Scrap metal;  

• Industrial waste; and 

• Hazardous waste. 

The Grootegeluk Coal Mine Integrated Water and Waste Management Plan (IWWMP) is 

updated annually and provides a summary and integration of all the available information 

related to water and waste management aspects at Grootegeluk Coal Mine at the time of 

finalisation of the document. Development of the IWWMP followed a risk based approach, 

which is endorsed by the Department of Water and Sanitation (DWS). 

The rating and ranking of the high level water and waste related risks for Grootegeluk Coal 

Mine resulted in the identification of a range of matters that require attention. A range of 

strategies for the management of storm water, groundwater, process water and waste were 

developed in order to address the identified high level water and waste related risks. The 

development of the strategies will enable Grootegeluk Coal Mine to achieve site specific 

objectives related to the management of water and waste. These objectives relate to 

corporate environmental policy, regulatory requirements and legal compliance. A range of 

measures were identified to give effect to the strategies and they were included in an IWWMP 

action plan. The IWWMP action plan will guide water and waste related activities at 

Grootegeluk Coal Mine in the short, medium and long term. 

The key waste streams generated by the activities of Grootegeluk Coal Mine include both 

general and hazardous waste. The general waste streams include the items as described in 

Table 4-27 and hazardous waste streams as indicated in Table 4-28. 
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Table 4-27: General waste streams identified at Grootegeluk Coal Mine 

Waste Type Description Management and/or Disposal 

Paper  Recyclables  Recycling company (Reclam)  

Cans  Recyclables  Recycling company (Reclam)  

Plastic bottles  Recyclables  Recycling company (Reclam)  

Cardboard boxes  Recyclables  Recycling company (Reclam)  

Towel rollers  Recyclables  Recycling company (Reclam)  

Magnetite plastic liners  Recyclables  Recycling company (Reclam)  

Glass  Domestic waste  Town landfill  

Food residues  Domestic waste  Town landfill  

Food wrapping  Domestic waste  Town landfill  

Clothing  Domestic waste  Town landfill  

Polystyrene  Domestic waste  Town landfill  

Flocculent bags  Domestic waste  Town landfill  

Garden waste  General waste  Mine discard dump, Dump 6  

Building rubble  General waste  Mine discard dump, Dump 6  

Fibreglass panels  General waste  Mine discard dump, Dump 6  

Wood  General waste  Mine discard dump, Dump 6  

Scrap metal  Industrial waste  Reclamation yard for resale  

Scrap rubber, pipes, and 
uncontaminated hydraulic hoses  

Industrial waste  Reclamation yard for resale  

Tyres  Industrial waste  Stored at designated tyre storage 
area  

Conveyor belts  Industrial waste  Returned to supplier  

Air filters  Industrial waste  Reclamation yard for resale or 
disposal  

 

Table 4-28: Hazardous waste typed identified at Grootegeluk Coal Mine 

Waste Type Management and/or Disposal 

Electrical components and 
cables  

Reclamation yard for resale  

Sandblasting waste  Reclamation yard for storage till disposal method identified  

Scrapped electronic equipment  Reclamation yard for resale  

Magnetite bags  Reuse or disposal according to Material Safety Data Sheet  

Acid and chemicals and 
containers  

Removed by permitted waste disposal contractor for treatment 
and disposal at licensed hazardous waste disposal site 

Herbicides and pesticides  Removed by permitted waste disposal contractor for treatment 
and disposal at licensed hazardous waste disposal site or 
incineration  

Paint, thinners, turpentine  Removed by permitted waste disposal contractor for treatment 
and disposal at licensed hazardous waste disposal site or 
incineration  



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 132 

Waste Type Management and/or Disposal 

Cooking oil  Removed by permitted waste disposal contractor for treatment 
and disposal at licensed hazardous waste disposal site  

Asbestos  Removed according to the Asbestos Regulations by permitted 
waste disposal contractor for disposal at licensed hazardous 
waste disposal site  

Batteries  Removed by permitted waste disposal contractor for recycling 
or treatment and disposal at licensed hazardous waste disposal 
site  

Plant chemicals that includes 
biocides, magnetite, flocculants 
and zinc chloride  

Removed by permitted waste disposal contractor for treatment 
and disposal at licensed hazardous waste disposal site  

Lead  Removed by permitted waste disposal contractor for recycling  

Fluorescent tubes  Crushed with a tube crusher and removed by permitted waste 
disposal contractor for treatment and disposal at a licensed 
hazardous waste disposal site  

Hydrocarbon waste including 
oils, oily rags, oil filters, 
contaminated soils  

Stored at the Total Depot for recycling or removal by permitted 
waste disposal contractor for disposal at licensed hazardous 
waste disposal site  

Polychlorinated Biphenyls  Removed by permitted waste disposal contractor for disposal at 
licensed hazardous waste disposal site or incineration  

Empty gas cylinders  Valves removed prior to removal by permitted waste disposal 
contractor for disposal at licensed hazardous waste disposal site  

Aerosols  Punctured, flattened and removed by permitted waste disposal 
contractor for disposal at licensed hazardous waste disposal site  

Petri dishes  Removed by permitted waste disposal contractor for disposal at 
licensed hazardous waste disposal site or incineration  

Radioactive waste  Removed by permitted waste disposal contractor in accordance 
with the requirements of the Nuclear Energy Act, 1999 (Act 46 
of 1999)  

Health Care Risk Waste  Stored in designated area in legally compliant containers prior 
to removal by permitted waste disposal contractor for 
incineration or appropriate treatment  

Explosives  Handled in accordance with the Explosives Act, 1956, (Act 26 of 
1956) and Mines and Works and Explosives Amendment Act, 
1964 (Act 46 of 1964) 

 

4.13.1 General Waste 

General waste generated by Grootegeluk Coal Mine includes (Figure 4-32): 

• Domestic Waste; 

• Recyclables; and 

• Inert general waste. 
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Figure 4-32: General waste types generated by Grootegeluk Coal Mine (Exxaro, 2011) 

4.13.1.1 Domestic Waste 

For domestic refuse, provision has been made at Dump No. 6. Approval of this site has been 

obtained from the Department of Water Affairs and Forestry with the permit reference 

number (Ref.B33/2/140/1/5). 

General waste is defined as any waste that does not pose an immediate threat to man or the 

environment. The general waste at the site is divided into three classes: 

• Domestic waste; 

• Recyclables; and 

•  Other waste. 

Domestic Waste 

Domestic waste at the site includes glass, food wrapping (foil, paper and plastic), food 

residue, clothing, polystyrene and flocculant bags. All domestic waste is placed in black 

plastic bags and collected routinely from various locations around the site. Where possible, 

storage of domestic waste bags is done in animal proof cages. The domestic waste bags are 

disposed of in the local municipal waste disposal site on Groothoek Farm.  
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Recyclables 

Recyclables from the site include paper, cold drink cans, cardboard boxes, towel rollers and 

magnetite liners. Where possible, recyclables are stored separately within the domestic 

waste cages or stacked separately alongside the domestic waste bags. The recyclables are 

removed from site by Reclam. 

Other Waste 

The other general waste on site includes: garden waste, wood from packaging material, 

wooden crates, wooden cable wheels, wooden pallets, and building rubble. This waste is 

stored at various locations around the site and disposed of in the general waste dump on 

Dump 6. 

Domestic waste generated is placed in the waste bins provided and disposed of at the 

municipal landfill site. 

4.13.1.2 Recyclables 

The Reclamation Yard on Grootegeluk Coal Mine is operated by an appointed contractor, 

Reclam. Reclamation activities entail cutting, stripping and storage of scrap metal and 

storage of batteries, fluorescent tubes, non-hydrocarbon waste, e-waste and de-pressurised 

fire extinguishers. The storage area has a roof but is not properly bunded. To compensate, 

all waste is stored within 210ℓ drums. Not all of the waste streams are stored on a hard stand 

surface.  

Steel and scrap metal is placed in yellow skips. 

The “waste coal” is a char and coal mix, which is screened and recycled back into the process. 

4.13.1.3 Inert General Waste 

Grootegeluk Coal Mine continues to dispose a small volume of inert waste, i.e. building 

rubble, wood and garden waste, at the top of Dump 6. This waste site is fenced off and it 

was licence in 1996 by the former Department of Water Affairs and Forestry. 

4.13.2 Industrial Waste 

Industrial waste at the site is defined as any non-hazardous solid waste at the site generated 

from the use of industrial equipment. This waste includes any non-contaminated types (i.e. 

no hazardous materials or liquids) such as rubber products, tires, plastic and rubber pipes, 

conveyor belts, V-belts, screen panels, plastic containers, hydraulic hoses, electrical 

components, scrap electrical cable, electronic equipment, air filters, sand blasting waste, 

magnetite bags, fibreglass plates or other waste items containing both steel and rubber.  

Fist-size building rubble from the New Laboratory and other construction waste will be used 

as filling for under layers of floor slabs and landscaping where appropriate. Any waste left 

over will be disposed via the industrial waste management system. 
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Industrial waste is placed in green skips. All industrial waste is removed from site by approved 

contractors and disposed of in registered facilities. 

4.13.2.1 Scrap Metal 

The scrap metal at the site includes: ferrous metals, nonferrous metals, metal shavings and 

drill bits. Sources of scrap metal include clean oil drums, safety guards, vehicle wheel rims, 

roof bolts, nuts and bolts, pump housings, impellers, handrails, dragline/shovel ropes, copper 

wire, boilermaker cut offs, engines, engine parts and welding rods.  

All scrap metal is separated at source and placed in yellow skips at various locations around 

the site. Skips are transported routinely to the reclamation yard. If metal parts are too large 

to be handled manually they are cut up and trucked to the reclamation yard.  

Scrap metal is sorted for recycling. Scrap metal that is not recycled is disposed of by an 

approved contractor at an approved facility. 

The industrial waste area has expanded and developed into a waste disposal facility. Metal 

and steel waste is placed in yellow skips. Industrial waste generated by the plant is removed 

by the appointed contractor, Reclam. 

4.13.2.2 Coal Discard 

Coal discard generated by the beneficiation process is transported by a system of conveyor 

belts to the Kidney stockpile area and from there to Dump 4 and 5 for final disposal via the 

upper and lower stacker system. Spillages from the rollers and scrapers underneath the GG2 

conveyer belts result in the build-up of fines and silt that have to be removed regularly. 

4.13.3 Hazardous Waste 

Hazardous waste at the site is defined as any waste that has potential, even at low 

concentration, to have significant adverse effect on public health and/or the environment. 

The following is a list of hazardous wastes at the site: 

• Liquids: acids, herbicides, pesticides, paint, thinners, turpentine, cooking oil; 

• Hydrocarbon based wastes: used lubrication, engine oil, transformer oil, fuel, oil and 

grease rags, oil and grease filters, hydraulic pipes, hydrocarbon contaminated soil, 

PCB contaminated soil; 

• Solids: asbestos, batteries, chlorine tablets, lead, repro-graphical material, 

fluorescent tubes and lamps, and containers used for storage of hazardous chemicals; 

• Gases: empty or redundant gas cylinders and aerosol cans; and 

• Miscellaneous: electronic equipment, printer toner, Petri dishes, radioactive waste, 

medical waste and explosives. 
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Hazardous waste is separated at source and then taken to the applicable hazardous waste 

storage area. Currently there are two temporary hazardous waste areas on Grootegeluk. The 

storage site at the Total Depot is primarily used for hydrocarbon-contaminated waste. The 

storage site at the Reclamation yard is used for the storage off all other identified hazardous 

wastes. In the various areas where hazardous wastes are produced the waste is stored in red 

210ℓ drums, and these drums are stored in roofed and bunded areas. If the area is not roofed, 

lids are used. The wastes are rated according to the following land fill classifications and 

stored for no longer than 90 days at the maximum volume indicated below: 

• Hazard rating 1 – extreme hazard (landfill: H:H) maximum of 10 kg; 

• Hazard rating 2 – high hazard (landfill: H:H) maximum of 100 kg; 

• Hazard rating 3 – moderate hazard (landfill: H:h) maximum of 1,000 kg; or 

• Hazard rating 4 – low hazard (landfill: H:h) maximum of 10,000 kg. 

All hazardous wastes are removed from site by approved contractors and disposed of at 

registered disposal sites. Proof of disposal is required by the mine following final disposal. 

Oily rags are stored in a skip within a dedicated area in the Total Depot and the skips are 

removed once a month. Waste oil is stored in drums within a bunded area. The drums are 

cleaned and re-used for the storage of oil rags. 

Safe disposal certificates are provided for the hazardous waste skips removed from site. 

There is a potential for groundwater contamination resulting from leakages from the 

hydrocarbon storage associated with the Total Depot. Proper reconciliation of the volumes 

of diesel and petroleum is required to detect any structural failures and leakages.  

Spillage of hydrocarbons and tars on the soil adjacent to the tar slag separators, the plant 

area and the GMEP construction area can occur. Bioremediation of contaminated soil will be 

required to clean up the area. 

4.13.4 Mine Residue Disposal Sites 

Discard Dumps 

There are six discard dump areas at Grootegeluk Coal Mine. Although they have different 

numbers, some of them are adjacent to and part of one another. The six areas are: 

• Dump No. 6; 

• Dumps1, 2 and 3; 

• Dumps 4 and 5 and Dump “A”; 

• Tyre dump; 
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• Dump “B” (the Renoster dump); and 

• The Backfilling in-pit disposal. 

Slimes or Slurry dams 

Slimes arising from the beneficiation process are pumped into slimes dams extending over 

100 ha north of the plant. 

• Type of residue: Fine slurry tailings; 

• Final extent of the dams: Approximately 100 ha; 

• Construction method: Spigotting line along the top perimeter of the dam wall; and 

• Water reticulation layout: The water outflow from the penstock of the slimes dam 

forms a closed circuit with the beneficiation plant’s reservoir. 

4.14 VISUAL ASPECTS 

Grootegeluk Coal Mine is located in an area that is generally characterised by low levels of 

development, the most significant exceptions being the Town of Lephalale, the R510 Road 

and Matimba power station, all of which are located east of the mine. 

Other significant smaller areas of human habitation are the settlements of Marapong and 

Onverwacht, which are also situated east of the study area. Some agricultural activity, in the 

form of irrigated croplands, takes place in and around Lephalale and along the Mokolo River. 

The mine is not visible from Lephalale or the R510 Road, but the residue dumps and other 

structures of Grootegeluk Coal Mine are visible from the two main roads to Steenbokpan and 

Stockpoort, and to a lesser extent from the power station. 

Due to the homogenous vegetation cover and flat topography, the study area generally does 

not have a high visual absorption capacity (VAC), although the existing vegetation cover does 

offer significant visual screening over greater distances. The following statements can be 

made about the value of the site and study area as a visual resource: 

• Topographical ruggedness: The area within which the mine is located is characterised 

by gently sloping conditions with no prominent or distinctive landmarks. However, 

the mining area itself includes a number of large dumps and an extensive open pit, 

which on a local scale significantly alter the visual horizon. 

• Presence of water bodies: No prominent water bodies or water courses occur within 

viewing distance of the mine, the Sandloopspruit being ephemeral with only sporadic 

flow, although a number of small, artificial dams occur within the mining complex. 
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• Vegetation cover: The vegetation cover around the mine is largely undisturbed and 

likely the most appealing feature in the area. However, within the mining area 

vegetation cover is largely absent or partially transformed. 

• Prevalence of natural landscapes: The surrounding area is characterised primarily by 

natural conditions or low levels of human alteration, however the Grootegeluk Coal 

Mine and adjacent power station areas are largely transformed, with little natural 

landscape areas remaining. 

In summary, the visual resources value of the area surrounding the mine is considered to be 

moderate, largely due to the lack of human transformation. 

4.15 TRAFFIC 

Over time, traffic has increased at Grootegeluk Coal Mine. The main entrance was originally 

designed to handle traffic volumes for beneficiation plants GG1 and GG2. Traffic volume 

passing through this entrance has since grown to serve four more beneficiation plants (known 

as GG3/4/5/6) and the Char Plant area on the mine site. Traffic volumes at the mine are also 

expected to increase in the future.  

A traffic survey performed in 2009 by Trafftrans (Pty) Ltd indicated that during the week, 

heavy vehicles make out approximately 10% of the total traffic flow on the main access road 

to Grootegeluk Coal Mine. It was further stated that just over 14% of the total traffic travels 

on this road during the night time (18:00 to 06:00). 

Development projects such as the Medupi expansion project (addition of GG7 & 8 

beneficiation plants), Market Coke, the expansion of the Char Plant and Co-generation plant 

are all planned for the near future, which will further increase traffic volumes at the mine. 

The recent lack of rail transport from Transnet Freight and Rail (TFR) has resulted in an 

increase in road-based traffic to and from the mine. The increase in trucks and visitors to the 

mine has created severe pressure on the security and control at Grootegeluk’s existing 

entrance. Consequently, Exxaro proposes to upgrade the entrance gate to improve the 

efficiency of the main access gate. A Basic Assessment Report and EMP Amendment for the 

construction of the New Gate infrastructure were prepared and submitted to the relevant 

competent authorities for decision making in 2012. 

4.16 CULTURAL HERITAGE 

4.16.1 Background Information 

Probably because of the somewhat inhospitable environment, being flat, hot and dry and 

with few sources of surface water, people did not settle in large numbers in the area in the 

past. Only a few sites of cultural or historical significance are known to occur in the region. 

These occur where there are rock outcrops, especially close to rivers. There are no surface 
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water or topographical features (e.g. hills, outcrops or rock shelters), that would have drawn 

people to settle on or around the mining area. 

In the town of Lephalale (Ellisras) there is a cemetery containing the graves of some of the 

earliest white settlers in the area. The town of Ellisras was only laid out in December 1960, 

and was named after two of the pioneer families in the area, Ellis and Erasmus. In 2002, the 

name was changed to Lephalale. This latter name is taken from the Phalala River, which is 

derived from the Tswana verb ‘to flow’ or ‘one which overflows’ (Raper 2004: 86, 204). 

4.16.2 Cultural Landscape 

The National Cultural History Museum conducted a heritage survey on the Grootegeluk Coal 

Mine and surrounding areas during 2005 (Appendix J). Additional studies were conducted 

during the environmental authorisation processes for the proposed Cyclic Ponds and New 

Gate projects. The observations made during the surveys are as follows: 

4.16.2.1 Stone Age 

Stone tools dating to the Middle Stone Age were recorded at a few select spots, 

predominantly at outcrops and pans. They are however viewed as having no significance since 

they were found on the surface and therefore not in their original context.  

However, the opposite holds true for the site at Nelson’s kop. Here some interesting 

engravings of animal spoors, cupules and cut marks were identified on the southern face of 

the hill. In addition, on top of the hill a number of small stone walled sites occur. A few non-

diagnostic stone flakes and potsherds occur in the shelter. Based on the uniqueness, scientific 

and religious value of Nelson Kop, this site is viewed as having high significance and 

development should not be allowed to take place on or near it. 

4.16.2.2 Iron Age 

No sites dating to the Iron Age were identified. A few pieces of pottery were found at an 

outcrop on the farm Kuipersbult. However, these did not include any diagnostic pieces and 

it is therefore difficult to determine its dating or identity. These are viewed as having no 

significance. 

4.16.2.3 Historical Period 

The heritage survey further stated that although a number of old farmsteads occur in the 

area, all have been demolished and little of them remains. As far as could be ascertained 

from available resources, none of these can be related to a significant event or an important 

historical individual. As a result, they are also viewed as having no significance. Two small 

informal cemeteries that relate to this period were identified. Several sheep farmers 

originally settled in the area after the Anglo-Boer-War. Other farmers also settled along the 

bank of the Mogol River and helped to develop the agricultural potential of the area. 
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The origin of the mine is traced back to the 1920s when, in the process of searching for water 

on the farm Grootegeluk, coal was discovered. In 1981 ISCOR was granted permission to 

officially open the Grootegeluk Coal Mine following a successful exploration programme and 

the acquisition of the 6 farms which make up the mine property. The mining history in the 

area is represented by the headgear of the first shaft that was sunk, leading to the eventual 

large scale mining activities.  

No archaeological or heritage sites have been identified within the Grootegeluk mining 

authorisation area. No artefacts from the Stone Age, Iron Age or Historical Age have been 

found on the mine property. 

4.16.3 Heritage Resources 

Mining activities will have very little impact on the cultural heritage resources, and do not 

have a visual impact on any of the sites (Figure 4-26).  

Heritage resources identified in the surrounding area include: 

• Scatters of stone tools dating from the Stone Age; 

• Rock engravings and stone circles at Nelson’s Kop; 

• A residence with historical significance on Graafwater 456LQ; and 

• Formal and informal graveyards, some which hold historical significance. 
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Figure 4-33: Location of Nelsonskop (Site number 2327DA5) 
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4.16.3.1 Nelsonskop 

• Site number: 2327DA5, Nelsonskop 464LQ: S –23.65094; E 27.58650 

• Description: Nelsonskop is a small hill where some interesting engravings of animal 

spoors, cupules and cut marks were identified on the southern face of the outcrop 

(Figure 4-27). On top of the hill, a number of small stone-walled enclosures occur 

that were probably used lookout points. The hill is in all probability a site of potency, 

for the making of rain, by the San and later Sotho-Tswana speaking people in the 

area. 

• Discussion: Based on its uniqueness, scientific and religious value, this site has a high 

significance and development should not be allowed to take place on or near it. 

• Recommended management action: 4 = preserve site at all costs. 

• Legal requirements: SAHRA permit. 

 
Figure 4-34: Nelsonskop (Site number 2327DA5) 

4.16.3.2 Kuipersbult 1 

• Site number: 2327DA4, Kuipersbult 511LQ: S –23.70760; E 27.57939. 
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• Description: The site is a small outcrop. A few small pieces of non-diagnostic Iron 

Age pottery occur on the site. The site could have served as rainmaking site, but no 

engravings of other artefacts were found here. 

• Discussion: The site is viewed as having little significance. 

• Recommended management action: 1 = no further investigation/action necessary. 

• Legal requirements: None. 

4.16.3.3 Vergulde Helm 

• Site number: 2327CB1, Vergulde Helm 316LQ: S –23.71142; E 27.49734. 

• Description: An informal cemetery with four graves. Two of these go back to the 

1930s, and the other two date to within the last 10 years. 

• Discussion: This site falls just outside the identified areas and is only mentioned 

because it is very close to the border with the farm Eenzaamheid 512LQ. 

• Recommended management action: 1 = no further investigation/action necessary. 

• Legal requirements: If relocation is necessary, SAHRA permit; local government 

permits; notification of descendants. 

4.16.3.4 Kuipersbult 2 

• Site number: 2327DA3, Kuipersbult 511LQ: S –23.71889; E 27.55988. 

• Description: This site consists of a single grave. The inscription reads: MS Moloantoa 

25/5/1848 – 24/12/1953. 

• Discussion: If development takes place, this feature would have to be relocated. 

• Recommended management action: Relocate grave if necessary. 

• Legal requirements: If relocation is necessary, SAHRA permit; local government 

permits; notification of descendants. 

4.16.3.5 Groothoek 

• Site number: 2327DA11, Groothoek 504LQ: S –23.66140; E 27.67658. 

• Description: Apparently this is the headgear of the first shaft that was sunk in this 

area before large scale mining took place. 

• Discussion: Fortunately, this site is located far from future development and would 

not be impacted on. Furthermore, it is already fenced in and therefore enjoys a 

certain amount of protection. 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 144 

• Recommended management action: 3 = preserve site if possible, otherwise 

extensive salvage excavation and/or mapping necessary. 

• Legal requirements: SAHRA permit. 

4.17 SOCIO-ECONOMIC STRUCTURE 

4.17.1 Historical Overview 

A decrease in the population growth of whites was a general occurrence in the district due 

to droughts, uneconomical units, and a shortage of infrastructure and work possibilities. A 

number of farms were not utilized, stood empty and uninhabited. Children completing their 

high school education at local schools had to go elsewhere in order to seek a future. 

Only a few proclaimed stands (houses) were available for the erection of residential homes, 

but no industrial areas existed. Black employees of Lephalale had to shuttle to the 

homelands, Mokorong, Lebowa and Lephalale. 

Before mining activities started Lephalale had one primary and one secondary school. The 

schools had hostels to cater for the children that lived on farms that were too far away for 

everyday travel. 

Recreational facilities were absent and only the bare essential necessities were able with a 

few businesses. The infrastructure existed off and was controlled by an external City Council. 

Water was abstracted from sand wells in the Mogol River and electricity had to be self-

generated. Sewerage systems consisted of French-drains. 

4.17.2 Regional Socio-Economic Structure 

Limpopo is made up of four district municipalities: Mopani, Vhembe, Capricorn and 

Waterberg. In addition, the province shares two cross boundary district municipalities with 

Mpumalanga, namely Sekhukhune and Bohlabela.  

An analysis of poverty trends by the Human Sciences Research Council in 2004 indicates that 

Limpopo was the poorest province, as 77% of its population lives below the poverty line. 

Waterberg District has by far the highest percentage of population employed (38%). 

Waterberg also performs relatively well in terms of income in that it has the lowest 

percentage (57%) of households with incomes below R9 600 per annum or R800 per month. 

Grootegeluk Coal Mine is situated in the area under the jurisdiction of Lephalale Local 

Municipality (NP362), which forms part of the Waterberg District Municipality (DC36). The 

Lephalale Local Municipality covers an area of 19 605 km2, and consists of 11 wards. Table 

4-29 below indicates the most recent employment data at Grootegeluk Coal mine. 
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Table 4-29: Employment Composition at Grootegeluk Coal Mine (Adapted from Exxaro, 

2009) 

Total Employees 1,617 

Total African Employees 1,177 (72.8%) 

Total Coloured Employees 11 

Total Indian Employees 3 

Total White Employees 425 

Total Female Employees 148 (9.2%) 

Disabled Employees 18 

Temporary Employment Service 0 

 

4.17.3 Population Density 

The population in this area increased dramatically with the onset of mining activities. Before 

mining took place, the area was characterised by having a low population density, 

experiencing unemployment, limited infrastructure, and very little economic opportunity and 

growth.  

Currently, Lephalale, Onverwacht and Marapong form some of the larger towns in the region 

with an estimated combined population of more than 250,000. These towns are surrounded 

mainly by farms, as well as the Grootegeluk Coal Mine and Matimba power station (Exxaro, 

2009). 

4.17.4 Major Economic Activities in the Area 

Cattle farming were the major economic activity before mining and related activities started 

in this region. The mine offers a significant number of employment opportunities to local and 

external labour forces. The power station and other secondary businesses and industries that 

commenced after mining in the area began, offer additional employment opportunities. An 

increase in game farming in the surrounding areas over the recent past is also notable 

(Exxaro, 2009). 

4.17.5 Unemployment 

Unemployment rates were high prior to the mining activities in this area. Despite the large 

number of employment opportunities offered by the mine, the power station and other 

secondary businesses and industries, the surrounding areas still represent a region of the 

country with a very high unemployment rate. This is the case for most of the Limpopo 

Province (Exxaro, 2009). 
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4.17.6 Housing 

Prior to the commencement of the Grootegeluk mining and related activities, very little 

housing infrastructure existed in the study area. Most employees working within Lephalale 

had to shuttle to the then so-called homelands such as Mokorong, Lebowa and Lephalale. 

Since then, formal private housing has become available in Lephalale, Onverwacht and 

Marapong. The mine is implementing a system whereby the mine provides housing to its 

employees and is implementing schemes that encourage private home ownership amongst its 

employees. 

4.17.7 Social Infrastructure 

Before mining activities started, Lephalale had one primary and one secondary school. The 

schools had hostels to cater for the children that lived on the farms in the region. The 

educational infrastructure was controlled by an external City Council. Government 

institutions such as the Police Station and Magistrates Office also existed.  

After mining and related activities commenced, several primary schools and a secondary 

school were developed. Grootegeluk Coal Mine built and operated a hospital in the town 

Marapong, which is now operating as a private hospital.  

The mine also established recreational facilities, such as a golf course, tennis courts, soccer, 

rugby and athletic sports fields (Exxaro, 2009). 

4.17.8 Stakeholder Engagement during the Impact Assessment Phase 

As per the requirements of NEMA, stakeholder engagement is conducted for projects that 

require Environmental Authorisation. 

A stakeholder database was developed which includes interested and affected parties (I&APs) 

from various sectors of society including directly affected landowners around the project 

areas. The database has been developed over a number of years as a result of various projects 

conducted by the Grootegeluk Coal Mine. 

 

5 ENVIRONMENTAL IMPACT ASSESSMENT 

5.1 METHODOLOGY FOR THE ASSESSMENT OF IMPACTS 

The significance of the identified impacts on the various environmental components were 

determined using the approach outlined below. This incorporates two aspects for assessing 

the potential significance of impacts (terminology from the Department of Environmental 

Affairs and Tourism Guideline document on EIA Regulations, April 1998), namely occurrence 

and severity, which are further sub-divided as follows: 
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Occurrence Severity 

Probability of 
occurrence 

Duration of 
occurrence 

Magnitude (Severity) 
of Impact 

Scale / Extent of 
Impact 

 

In order to assess each of these factors for each impact, the following four ranking scales will 

be used: 

Probability (P) Duration (D) 

5 - Definite / Don’t know 5 - Permanent 

4 - Highly Probable  4 - Long-term (impact cease after the operational life 
of the activity) 

3 - Medium Probability 3 – Medium-term (5-15 years) 
2 – Low probability 2 – Short-term (0-5 years) 
1 – Improbable  1 – Immediate 
0 – None  
Scale (S) Magnitude (M) 
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  

 

Once these factors have been ranked for each impact, the significance of the two aspects, 

occurrence and severity, will be assessed using the following formula: 

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

The maximum value is 100 significance points (SP). The environmental effects are then rated 

as of High (>75 SP), Moderate (50 - 75 SP) or Low (<50 SP) significance, both with and without 

mitigation measures and for both occurrence and severity, on the following basis: 

SP >75 
Indicates high 
environmental 
significance 

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

SP 50 - 75 
Indicates moderate 
environmental 
significance 

Where it could have an influence on the decision unless it is 
mitigated. An impact or benefit which is sufficiently 
important to require management. Of moderate significance - 
could influence the decisions about the project if left 
unmanaged 

SP <50 
Indicates low 
environmental 
significance 

Where it will not have an influence on the decision. Impacts 
with little real effect and which should not have an influence 
on or require modification of the project design or alternative 
mitigation 
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The various impacts were assessed in this regard and impact reduction measures were 

planned into the process from the pre-feasibility assessment stage of each development 

project undertaken since 1992. 

5.2 ENVIRONMENTAL IMPACT ASSESSMENT ENVIRONMENTAL IMPACT ASSESSMENT 

5.2.1 Summary of Environmental Components Considered 

The impact assessment considered impacts of the proposed projects on each of the following 

environmental components: 

• Geology; 

• Topography; 

• Soils; 

• Land Use / Land Capability; 

• Flora; 

• Fauna; 

• Surface Water; 

• Groundwater; 

• Water and Salt Balance; 

• Air Quality; 

• Noise and Vibration; 

• Waste Management; 

• Visual Aspects; 

• Traffic; 

• Sites of cultural / heritage significance; 

• Sensitive Landscapes; and 

• Socio-economic. 

5.2.2 Project Phases 

The EMP Consolidation covers the operational and decommissioning / closure phases of the 

current Grootegeluk Coal Mine operations. The Grootegluk mine has been operational for 

more than 30 years. Therefore, very limited impacts associated with the construction phase 

will be discussed. The cumulative impacts of past development projects are described. 
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5.2.2.1 Operational Phase 

The operational phase of the Grootegeluk Coal Mine involves the day to day coal mining, 

processing and associated activities. The EMP Consolidation assesses the impact of these 

operational phase activities and associated impacts. 

5.2.2.2 Decommissioning Phase 

The EMP Consolidation deals with the implementation of mitigation measures to address the 

activities and associated impacts related to the eventual decommissioning and closure of the 

Grootegeluk Coal Mine.
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5.2.3 Impact Assessment Summary  

Table 5-1 summarises the construction, operational and decommissioning impacts associated with the Grootegeluk Coal Mine activities as conceived pre and post mitigation. 

Table 5-1: Environmental Impact Assessment for Grootegeluk Coal Mine 

Potential Impact 

Phase 

Construction Phase Operational Phase Decommissioning 

Environmental Significance  

Pre Mitigation  

Environmental Significance  

Post Mitigation  

Environmental Significance 

Pre Mitigation  

Environmental Significance 

Post Mitigation  

Environmental Significance 

Pre Mitigation  

Environmental Significance  

Post Mitigation  

M D S P Total SP M D S P Total  SP M D S P Total SP M D S P Total  SP  M D S P Total SP M D S P Total  SP 

Geology  

Impact on the geology as 
result of pit expansions. 

N/
A 

N/
A 

N/
A 

N/
A N/A N/A N/

A 
N/
A 

N/
A N/A N/A N/A 8 5 2 5 75 H 8 5 2 5 75 H N/

A 
N/
A 

N/
A 

N/
A N/A N/A N/

A N/A N/
A 

N/
A N/A N/A 

 

Climate   

Impact on climate due to 
mining activities. 2 1 1 1 4 L 2 1 1 1 4 L 2 1 1 1 4 L 2 1 1 1 4 L 2 1 1 1 4 L 2 1 1 1 4 L 

 

Topography  

Impact on topography due to 
the construction and 
operation of the open pit, 
discard dumps and tailings 
storage facilities.  

10 5 2 5 85 H 8 5 2 4 60 M 10 5 2 5 85 H 8 5 2 4 60 M 10 5 2 5 85 H 8 5 2 4 60 M 

Impact on topography due to 
the construction and 
operation of supporting 
infrastructure (offices, 
workshops, etc). 

8 5 2 4 60 M  6 4 1 3 33 L 8 5 2 4 60 M  6 4 1 3 33 L 8 5 2 4 60 M  6 4 1 3 33 L 

 

Soils  

Disturbance of soil, including 
soil erosion and loss of 
topsoil, due to construction, 
operational and 
decommissioning activities.  

8 5 2 5 75 M 6 2 1 3 27 L 8 5 2 5 75 M 6 4 1 3 33 L 8 5 2 5 75 M 6 2 1 3 27 L 

Impact on soils due to 
spillages of chemicals, 
hydrocarbons, seepage and 
overflow of contaminated 
water, etc. during the 
construction, operation and 
decommissioning activities.  

8 2 1 4 44 L 4 2 1 3 21 L 8 4 2 4 56 M 6 4 1 3 33 L 8 2 1 4 44 L 4 2 1 3 21 L 

 

Land Use / Capability   

Loss of land use and land 
capability due to the 
construction and operation of 
mining activities.  

8 4 2 5 70 M 6 4 1 3 33 L 8 4 2 5 70 M 6 4 1 3 33 L 3 3 1 3 21 L 4 2 1 2 14 L 

 

Flora  

Loss of vegetation and 
fragmentation of habitat due 
to the construction and 

8 4 2 4 56 M 6 4 1 3 33 L 8 4 2 4 56 M 6 4 1 3 33 L 6 3 1 3 30 L 4 2 1 2 14 L 
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Potential Impact 

Phase 

Construction Phase Operational Phase Decommissioning 

Environmental Significance  

Pre Mitigation  

Environmental Significance  

Post Mitigation  

Environmental Significance 

Pre Mitigation  

Environmental Significance 

Post Mitigation  

Environmental Significance 

Pre Mitigation  

Environmental Significance  

Post Mitigation  

M D S P Total SP M D S P Total  SP M D S P Total SP M D S P Total  SP  M D S P Total SP M D S P Total  SP 

operation of mining 
infrastructure.  

Establishment of alien and 
invader species due to the 
removal of vegetation during 
construction, operation and 
decommissioning activities.  

8 5 1 4 56 M 6 2 1 3 27 L 8 5 1 4 56 M 6 2 1 3 27 L 8 5 1 4 56 M 6 2 1 3 27 L 

 

Fauna  

Impact on fauna as a result 
of the loss and fragmentation 
of habitat due to 
construction, operational and 
decommissioning activities.  

8 4 2 4 56 M 6 4 1 3 33 L 8 4 2 4 56 M 6 4 1 3 33 L 6 3 1 3 30 L 4 2 1 2 14 L 

 

Surface Water  

Pollution of surface water 
resources by contaminated 
run-off.  

8 4 3 4 56 M 6 2 1 3 27 L 10 4 3 5 85 H 6 4 2 3 36 M 8 4 3 4 56 M 6 2 1 3 27 L 

 

Ground Water  

Effect of groundwater flows 
and levels - dewatering 

N/
A 

N/
A 

N/
A 

N/
A N/A N/A N/

A 
N/
A 

N/
A N/A N/A N/A 8 4 3 5 75 H 8 4 3 5 75 H 8 5 1 4 56 M 8 5 1 4 56 M 

Effect of groundwater flows 
and levels – mounding from 
dams, dumps, etc. 

N/
A 

N/
A 

N/
A 

N/
A N/A N/A N/

A 
N/
A 

N/
A N/A N/A N/A 4 3 2 5 45 L 4 3 2 5 45 L 2 4 2 5 40 L 2 4 2 5 40 L 

Effect on groundwater 
quality during normal 
operations  

N/
A 

N/
A 

N/
A 

N/
A N/A N/A N/

A 
N/
A 

N/
A N/A N/A N/A 8 5 2 5 75 H 8 4 2 4 56 M 6 5 2 5 65 M 4 4 1 3 27 L 

Effect on groundwater 
quality in the event of 
spillage/accidents 

6 2 1 2 18 L 4 1 1 2 12 L 6 2 1 2 18 L 4 1 1 2 12 L 6 2 1 2 18 L 4 1 1 2 12 L 

 

Air Quality   

Generation of dust from 
mining activities as well as 
unpaved roads and exposed 
areas.  

8 1 1 4 40 L 4 1 1 3 18 L 10 4 2 4 64 M 6 4 2 3 36 L 8 1 1 4 40 L 4 1 1 3 18 L 

Generation of trace gasses, 
odours and other hazardous 
pollutants as a result of 
mining activities.  

N/
A 

N/
A 

N/
A 

N/
A N/A N/A N/

A 
N/
A 

N/
A N/A N/A N/A 10 4 2 4 64 M 6 4 2 3 36 L N/

A 
N/
A 

N/
A 

N/
A N/A N/A N/

A N/A N/
A 

N/
A N/A N/A 

Generation of vehicle 
emissions as a result of 
construction, operational and 
decommissioning activities.  

8 1 1 4 40 L 4 1 1 3 18 L 8 4 2 4 56 M 4 4 2 3 30 L 8 1 1 4 40 L 4 1 1 3 18 L 

 

Noise & Vibration  
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Potential Impact 

Phase 

Construction Phase Operational Phase Decommissioning 

Environmental Significance  

Pre Mitigation  

Environmental Significance  

Post Mitigation  

Environmental Significance 

Pre Mitigation  

Environmental Significance 

Post Mitigation  

Environmental Significance 

Pre Mitigation  

Environmental Significance  

Post Mitigation  

M D S P Total SP M D S P Total  SP M D S P Total SP M D S P Total  SP  M D S P Total SP M D S P Total  SP 

Generation of noise as a 
result of mining and 
associated activities.  

6 2 1 3 27 L 4 2 1 2 14 L 8 4 2 4 58 M 6 4 1 3 33 L 6 2 1 3 27 L 4 2 1 2 14 L 

Generation of vibration as a 
result of mining and 
associated activities.  

4 2 1 3 21 L 2 2 1 2 10 L 6 4 2 4 48 L 4 2 1 3 21 L 4 2 1 3 21 L 2 2 1 2 10 L 

 

Waste Management  

Generation of general waste 
as a result of mining 
activities. 

8 3 1 4 48 L 6 2 1 3 27 L 8 5 2 4 60 M 6 4 1 3 33 L 8 3 1 4 48 L 6 2 1 3 27 L 

Generation of hazardous 
waste as a result of mining 
activities.  

10 4 2 4 64 M 6 3 1 3 30 L 10 5 2 4 68 M 8 3 1 3 36 L 10 4 2 4 64 M 6 3 1 3 30 L 

Generation of industrial 
waste as a result of mining 
activities.  

8 3 1 4 48 L 6 2 1 3 27 L 8 4 2 4 68 M 6 4 1 3 33 L 8 3 1 4 48 L 6 2 1 3 27 L 

 

Visual Aspects  

Impact on visual aspects due 
to the construction and 
operation of mining and 
associated infrastructure.  

6 2 1 4 44 L 4 2 1 3 21 L 8 4 2 4 56 M 6 4 2 3 36 L 6 2 1 4 44 L 4 2 1 3 21 L 

 

Traffic  

Increase in traffic volumes as 
a result of construction, 
operational and 
decommissioning activities.  

6 2 2 3 30 L 6 2 2 2 20 L 8 4 2 4 56 M  6 4 2 3 36 L 6 2 2 3 30 L 6 2 2 2 20 L 

 

Cultural Historical  

Damage / destruction of 
cultural heritage sites as a 
result of construction, 
operational and 
decommissioning activities.  

8 5 1 2 28 L 8 5 1 1 14 L 8 5 1 2 28 L 8 5 1 1 14 L 8 5 1 2 28 L 8 5 1 1 14 L 

 

Sensitive Landscapes  

Loss of all of the seasonal 
pans (5.56ha equivalents of 
wetland habitat) located 
within LOM expansion area. 

8 5 2 5 75 H 2 5 2 5 45 L 6 5 2 5 65 M 6 5 2 4 44 L N/
A 

N/
A 

N/
A 

N/
A N/A N/A N/

A N/A N/
A 

N/
A N/A N/A 

 

Socio-Economic  

Influx of job-seekers from 
neighbouring areas leading to 
crime.  

8 2 2 5 60 M 6 2 2 4 40 L 8 4 2 5 70 M 6 4 2 4 40 L 6 2 2 4 40 L 4 2 2 3 24 L 

Loss of jobs as a result of 
mine closure.  

N/
A 

N/
A 

N/
A 

N/
A N/A N/A N/

A 
N/
A 

N/
A N/A N/A N/A N/A N/

A 
N/
A 

N/
A N/A N/A N/

A 
N/
A 

N/
A 

N/
A N/A N/A 10 5 2 5 85 H 10 5 2 3 51 M 
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5.2.4 Detailed Impacts Assessment Description 

5.2.4.1 Geology 

Construction, current and future mining excavations associated with the opencast pit have 

caused and will continue to cause permanent negative changes in the original structure of 

the geomorphology. To understand the impacts of mining on the geology, the magnitude and 

size of the general stratigraphic section at Grootegeluk Coal Mine must be taken into 

consideration. 

The influence of the mining activities on the geological strata is localised and takes place 

directly in the vicinity of the mine pit excavations, where the geomorphology has been 

permanently modified by the mining activities. 

The impact on geology will remain a negative permanent impact post decommissioning of the 

mining activities. 

5.2.4.2 Climate 

The construction, operation and decommissioning mining activities such as the operation of 

the open cast pit, discard dumps, slime dams, plants and associated infrastructure will have 

a negligible localised negative impact on the environmental climate. If there are any impacts, 

the extent is site specific and the intensity will be low. The potential negative impact on 

climate will cease post decommissioning of the mining activities. 

5.2.4.3 Topography 

The construction, operational and decommissioning activities have a long-term and 

permanent impact on the topography of the local area. The open pit excavations, discard 

dumps and slimes dams have caused permanent changes and have a significant long term 

impact on the environment, which will continue beyond the closure phase. 

Infrastructure like office and workshop buildings, beneficiation plants, roads, power lines 

etc. have a negative impact on the topography and have caused disturbances, but these 

constructions have a medium to long term impact because they will not be permanent in 

nature and will be demolished after closure. These structures and sites could in some 

instances revert to the land user, thereby creating a long-term negative impact on the 

topography of the local area if not removed. 

Clean and dirty water dams on the mine disturbed the topography. Although they will have a 

long-term negative impact on the topography they can revert to the future land owners and 

be viewed as a positive impact at that time by contributing water bodies to the sustainability 

of the environment. 

The opencast pit will be backfilled to certain level but the final void will be left behind post 

mine closure. This will have a negative permanent impact on the local topography as material 

balance indicates that the area will not be backfilled to the original topographic level.  
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The discard dump and slime facility will have a negative permanent impact on the topography 

as the 60m high discard dump will remain after closure. This will have secondary impacts on 

visual, storm water management, potential ground water impacts as well as potential dust 

issues if not covered with sufficient vegetation cover. The steep slopes might cause erosion 

during heavy rainfall events. 

5.2.4.4 Soils 

During the construction and operational phases of the mining activities, the open cast, the 

slimes dam area, discard dump areas, beneficiation plants area, water and power lines, etc. 

cause significant disturbance to soils, including potential erosion if drainage and storm water 

is not managed and controlled. Soil structure could be lost and the micro-organisms could 

die. Although the impact on soils during the construction and operational phases are site 

specific and localized, it could have a long-term negative impact. 

Stripping and stockpiling of soil during the construction phase could have a permanent 

negative impact on the local soils if not stripped and stockpiled according to a well-structured 

and executed soil stripping and stockpiling plan. Stripping and stockpiling of topsoil, shaping 

of the disturbed footprint and replacing of topsoil should therefore take place according to 

a plan which should be well managed and progressively adapted according to circumstances. 

The plan must address stripping, stockpiling and placing of soil according type and horizon. 

Loss of topsoil due to covering of the discard dump to prevent spontaneous combustion will 

have a negative permanent impact on topsoil cover of neighbouring borrow pit areas.  

At the discard dumps, slimes dams and mining pit extension, some topsoil was removed from 

the sites before the projects commenced. The topsoil in combination with the overburden 

layer was used to cover and rehabilitate some of the older dump areas. This will cause a soil 

shortage for rehabilitation which will have secondary negative impacts on vegetation cover 

during rehabilitation and post closure. Soil erosion along the steep discard dump slopes might 

contribute to soil erosion and loss of topsoil during heavy rainfall events. 

Storm water control and dirty water trenches could destroy the soil structure of the 

immediate surrounding areas permanent, specifically in the areas below the dirty-water 

trenches due to uncontrolled leakages and seepage. This impact is localised to the specific 

structures.  

Any seepage or spillage from dirty water dams, pollution control dams and the slimes dam 

could cause pollution to the surrounding soils, causing secondary negative long term impacts 

on vegetation cover and air quality if proper vegetation cover cannot be established. 

In the beneficiation plant area and the product stockpile areas the soil structure is mostly 

lost during the operational phase. The negative impact will be permanent but localised to 

the plant areas.  
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At the pit service station workshop, the mining maintenance workshop and pool workshop 

there are long term negative impacts to land and soil due to contamination by hydrocarbon-

containing waste water. Seepage of hydrocarbons into groundwater takes place through the 

pathway of the contaminated soil of the unlined channels and dams that collect the wash 

water containing hydrocarbons. 

Surface water and soil contamination occurs through the decanting of these dams and 

channels. The runoff wash water from the workshop areas reports to an oil trap with a de-

sludging mechanism and an oil belt, situated between the workshops and the channels /dams. 

The negative impact will be long term and could spread to a regional level due to the 

contamination  

Impacts on soils during and after decommissioning can have a permanent negative impact on 

a local level if the soil stripping, stockpiling and placing procedures were not correctly 

executed during the construction and operational phases. 

5.2.4.5 Land Use / Land Capability 

The land on which the various infrastructural components were established has permanently 

lost its original capabilities, namely cattle grazing and game farming. The existing operational 

elements limit the availability of land during the life of the mine. Its current status as an 

operating mine is a positive impact with reference to the socio-economic environment. 

However, when mining activities cease, the land cannot be restored fully to its former use 

due to the permanent nature of some of the changes that have resulted from the mining 

operations. 

The impact of the discard dumps, slimes dams and mining pit excavations as well as that of 

the clean and dirty water dams on the land capability are more permanent, and the land 

capability has been largely lost because in most instances the situation is irreversible. During 

the operational life of the mine, the status of these impacts is negative, and their duration 

is permanent on a local level. 

The impact of the beneficiation plants area and the offices and workshops on the land 

capability during the operational life of the mine is negative in the long term, but the land 

capability of some areas could be restored to a state fit for grazing. 

The impact of borrow pits established during the construction and operational phases of the 

mining activities has a permanent negative impact on the local area. Soil structures and 

fertility are permanently lost and will negatively affect land capability and use post closure. 

No new borrow pits should be allowed in future and during decommissioning activities to 

prevent any further impacts. 
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5.2.4.6 Biological Environment - Flora 

During the construction and operational phases of the mining activities, degradation, 

reduction and loss of habitat have a negative impact in the long term on the local area. The 

impacts are caused by the clearing of vegetation, stripping of soil and modification of soil 

conditions, changes in topography and dust deposition.  

All the operational elements like the discard dumps, slimes dams, pit excavation area, 

beneficiation plant areas, etc. have a major negative impact on the vegetation. Vegetation 

was removed in the areas where structures were erected. The most severely affected areas 

are those covered by discard dumps, slurry dams and the mining pit excavations, offices and 

workshops. Development leads to fragmentation of habitats which in turn leads to population 

and genetic isolation and disruption to the movement of species. NSS (2011) states that 

linkages between natural areas within and surrounding the study sites are essential in 

maintaining faunal diversity. The fragmentation of habitats due to the clearance of large 

areas of vegetation can lead to a long term negative impact on a regional scale.  

The water and power lines as well as the railway lines lie in narrow servitudes and the 

vegetation re-established itself there over the years, especially where water and power lines 

are situated in remote areas. In areas where vegetation did not re-establish itself, drainage 

patterns could be changed but because of the relatively flat topography of the area, no 

significant changes are expected. 

Establishment of alien and invader plants takes place as a result of the removal of vegetation 

during construction and associated activities. The most severe invasion is at the inner mining 

area where frequent disturbance of the soil are taking place. NSS (2011) states that the 

species found to be frequent there include Opuntia ficus-indica, Flaveria bidentis, 

Pennisetum setaceum, Richardia species and Cereus jamacaru. The impact associated with 

the establishment of alien and invader species in the mining area will become a permanent 

negative impact in the regional area if control is not implemented.  

Another permanent negative impact associated with the local clearing of vegetation is bush 

encroachment. Species such as Acacia mellifera and Dichrostachys cinerea tend to encroach 

disturbed areas.  

The ecological assessment conducted by NSS in 2011 identified a number of conservation 

important species both faunal and floral as well as many others that could potentially occur 

within the study area. These species are at risk due to the impacts identified and discussed 

above. The removal of large areas of vegetation, the loss and fragmentation of habitat and 

food resources, increased activity, noise levels and pollution will result in the displacement 

of threatened, “near-threatened” and conservation important species. 
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The majority of the impacts discussed above can be mitigated by the minimisation of 

vegetation clearance, control of hunting, alien and invasive species and protection of natural 

habitats. In addition, the decommissioning of the mining activities and rehabilitation of 

disturbed areas will have a positive impact on both fauna and flora in the long term. 

5.2.4.7 Biological Environment - Fauna 

In addition to the loss in habitat discussed in the previous section, increased ambient noise 

and activity, the decrease in air quality and increased kill rates of the natural biota due to 

increased road kill rates and hunting will have a long-term negative impact on the fauna of 

the local area.  

The duration of the impact on animal life will be long-term because one of the main farming 

activities of the surrounding area is game farming. However, the impact will be localized and 

limited to the mining authorization area.  

On the other hand, the construction of dams within the mine area and the providing of 

drinking water places fed with water lines and or boreholes equipped with pumps, has been 

beneficial to the natural wild life. 

Two species of conservation concern, the Giant bullfrog and Yellow-billed stork, focus their 

activities around the Clay Pan habitats in the northern and western parts of the study area. 

These areas therefore qualify as Important Areas of Concern. These pans comprise more than 

30 small, fragmented patches of habitat throughout the study area (Figure 4-5). 

Unfortunately, most of these sites are on the western side of the study area earmarked for 

expansion of the open cast mining activities, therefore these habitats will be totally 

destroyed. Rehabilitation in the distant future is unlikely to recreate these important 

habitats. 

5.2.4.8 Surface Water 

Current Storm Water Management 

Currently, all runoff from the mine infrastructure around the pit and plant areas is treated 

as dirty water and contained for re-use. 

The storm water originating from Dumps 1, 2, 3, 4 and 5 is diverted to the pit via the road 

system. The storm water from the Renoster & Tyre Dump is not included in the current storm 

water management system, the Renoster Dump consists of overburden which has very little 

to no carbonaceous material. The storm water captured here is diverted from entering the 

pit via berms; the remaining clean storm water is allowed to disperse into the environment. 

The surface water runoff generated by the Tyre Dump that has been rehabilitated will be 

channelled as clean water into the environment.  
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Storm water generated by the processing plant and its surrounding areas are diverted by 

storm water channels to the pit area via the in pit channel. The storm water channels were 

upgraded around the entire plant area to ensure that the channels are able to handle a 1:50 

year flood event. As part of this upgrade, the pipeline to the pit was replaced with a storm 

water channel to pit, which will gravity feed all the dirty storm water from the plant towards 

the pit. The storm water runoff from the product stockpile areas is diverted by storm water 

channels to the Bosbok dam previously known as Dam 20 000.  

Figure 5-1 shows the current dirty water diversion channel layout. 

However, other sources, such as runoff from the waste rock residue facilities, seepage from 

the slimes dams and historical overflows from the storm water dams, are currently collected 

in inadequate conveyance channels and storage facilities. The proposed changes to the storm 

water system include: 

• The current dirty water conveyance system at the plant will be resized so as to 

include the surface water runoff from Dumps 1,2,3,4 and 5 as well as GG 7 and 8. 

The resizing of the storm water system is underway. 

• The water originating in the plants will be conveyed to Bench11 via an in-pit outflow 

channel which will is designed for a 1:50 year flood. The overflow water coming from 

the plant area in a 1:50 year flood event which is not canalized to the Pit will then 

end up in the Olifantskop dam.  

• Storm water from Dump 6 will be collected by cut-off trenches and sent to the open 

pit. 

• The storm water and subsurface water originating from the stockpile beds and 

draining system is collected in a surface sump. From here the water is pumped back 

to the plants for re-use, the overflow from the sump is diverted the Bosbok dam by 

means of diversion channels. The current capacity of the Bosbok dam is 112 000 m3 

(excluding the 6 000 m3 Silt trap) (according to the Bosbok dam Engineering Report).  

• All clean water from upslope will be diverted by means of cut-off trenches and 

diversion berms. This will reduce the need for on-site water storage as well as 

minimizing the risk of spillage into the dirty water system. 

• Diversion berms and cut-off trenches will be implemented along the pit and Slimes 

Dams 1, 2, 3, and 5 to divert clean surface water runoff 
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Figure 5-1: Current dirty water diversion channel layout (Golder, 2012b) 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 160 

GN 704 Compliance 

An assessment was performed on the current compliance to GN 704, 4 June 1999, National 

Water Act, 1998 (No. 36 of 1998) in terms of the Regulations on the use of water for mining 

and related activities aimed at the protection of water resources.  

The following aspects were not compliant with Regulation 704: 

• The use of mine residue in the form of Overburden in the construction of Road & 

berms. The overburden needs to be classified and if shown to be a Type 3 waste like 

the overburden on Turfvlakte the mine will need to request exemption for this use 

under point 3 of GN 704. 

• The fact that the Olifantskop dam is not a lined facility, the Project plan for the 

lining of the facility was shared. 

• The fact that portions of the Reductant Product & Feed Stockpiles are not lined. The 

plan to line the facilities was shared and it was also agreed that should the areas not 

be lined; the areas will need to be cleaned-up. 

• The loss of containment of the dirty storm water channel at the Slimes dam facility 

where it flows into the cement dam. The project for the upgrade for the area was 

shared with the auditor. 

Note that as part of the current 2022 IWUL amendment process, the mine is requesting 

exemption under Section 3 of the GN704, linking to the use of residue or substance which 

causes or is likely to cause pollution of a water resource for the construction of infrastructure 

like roads and embankments, which is addressed under Section 5 of the Regulations. 

5.2.4.9 Groundwater 

An Environmental Impact Assessment was conducted for the Grootegeluk Coal Mine for the 

construction, operational and decommissioning phases (Golder, 2012f). 

Groundwater Quality 

Groundwater quality impacts are summarised as follows:  

• Minimal groundwater impacts will be experienced during the construction phase of 

the new infrastructure (Medupi expansion project, new sewage treatment plant, 

Eskom coal silo and conveyor, new entrance gate infrastructure and the Cyclic Ponds 

and associated infrastructure). The impacts will be restricted to spillages and 

accidents of hazardous materials (i.e. oils, greases, chemicals) during the 

construction phase.  

• Based on the available groundwater monitoring data for Grootegeluk Coal Mine and 

surroundings, it is evident that mining related activities are having adverse impacts 
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on groundwater quality in close proximity of the plant and waste facilities (ERM, 

2012a).  

• Many of the containment source areas were lined over time, which reduced the rate 

of contaminant mass release significantly. The available monitoring data of 2009 

indicates an increase trend in sulphate concentration (and other contaminants) in the 

vicinity of these source areas and this has a negative impact on the basalt aquifer. 

Most of the contaminant sources are located in the northern compartment on the 

basalt aquifer, which is the main water-bearing zone. From the sulphate 

concentration distribution (ERM, 2012), it is evident that the impact is not restricted 

to the source area only, but it migrates to the east and south. Insignificant 

contaminant mass is however expected to have migrated across the Daarby Fault due 

to its impermeable nature.  

• It is expected that as water seeps through the backfill material, acid will be 

generated and the main groundwater flow direction will be towards the pit void. The 

backfill material is assumed to be composed of waste rock “discard only” and 

assessment of this scenario indicated that the sulphate concentration could range 

between 2,500 to 134,122 mg/L, with a likely concentration of 7,344mg/L. The 

contamination plume at the Sintel Char was simulated and was found to be 

insignificant in comparison to the plumes generated by the mine facilities in the 

vicinity of the plant.  

• Impacts will be restricted to accidental spillages of hazardous materials (i.e. oils, 

greases, chemicals) during the operational phase. There is evidence that organic 

groundwater contamination can result from the activities at the Sintel Char Plant.  

• The contaminant sources identified will continue to have a negative impact after 

closure, however, the impact can be reduced by mitigation and management of 

groundwater systems post closure.  

• Minimal groundwater impacts will be experienced during the closure phase of mine 

infrastructure. Impacts will be restricted to spillages and accidents of hazardous 

materials (i.e. oils, greases, chemicals).  

Groundwater Level 

Impacts on the groundwater level are summarised as follows: 

• Due to mine dewatering, groundwater flux is currently mainly towards the 

Grootegeluk Coal Mine open pit. The static, pre-mining groundwater level in the 

Grootegeluk Coal Mine area was of the order of 30m below surface. The groundwater 

impacts due to the combined activities (Grootegeluk Coal Mine pit, Thaba Metsi pit 
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and the backfill) are expected to superimpose on one another, this is due to the close 

proximity of the pits to one another and concurrent backfilling. 

• Due to the aquifer heterogeneity in the project area, the radius of influence is not 

uniform. The Daarby Fault is a groundwater flow barrier and groundwater inflow from 

the north of this fault is limited, with insignificant expansion of the dewatering cone 

to the northern compartment. Karoo Aquifer(s) west of the Grootegeluk Coal Mine 

pit are more permeable due to fracturing and the dewatering cone is expected to 

expand mainly in these aquifer systems. The maximum radius of the dewatering cone 

is therefore to the west, estimated at approximately 11km.  

• The maximum dewatering cone is estimated to be reached in 2050 as result of 

simultaneous pit development, thereafter Thaba Metsi pit is expected to be closed 

and partial recovery of groundwater is expected.  

• After mine closure, groundwater is expected to flow towards the pit and the water 

level within the pit is expected to recover (increase). Precipitation and regional 

groundwater inflow are the major drivers for water level recovery.  

• It is expected that this mounding of groundwater will decrease after closure, and 

water levels should recover to normal as artificial recharge will decrease after 

operations cease. 

Groundwater Flow 

Since the start of mining, various impacts on different areas have taken place. The mining 

process has influenced groundwater levels in the following ways: 

• Groundwater levels around the open pit have decreased because of seepage into the 

pit and abstraction of water from the pit to enable dry mining conditions; 

• Groundwater levels have increased significantly in the area north of the Daarby fault 

(which acts as a semi-impermeable barrier), where increased artificial recharge 

occurred because of surface water spills, unlined surface water containment facilities 

like tailings dams, process water dams and storm water control dams, as well as 

water drainage from product beds and stockpiles;  

• The area south of the Daarby fault is primarily the open pit excavation where 

drainage towards the pit from all directions has resulted in a local cone of depression; 

and 

• The southern compartment is characterised by groundwater mounding caused by 

artificial recharge to the underlying aquifer(s) as a result of seepage from unlined 

storage dams, accumulation of storm water runoff in unlined storm water dams, 
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runoff from spills, from product beds, seepage from slimes handling facilities and 

general wastage of process water.  

Areas of Direct Groundwater Impact: 

Pit Area: 

There is a trough of depression around the pit area. Very slow migration of groundwater takes 

place towards the Pit, as is evident from the limited ingress of groundwater that is visible in 

the Pit. 

Discard Dumps: 

The discard dumps have not been lined and there is no provision for any under-drainage. 

Rainfall reporting to the upper surface areas of the discard dumps can seep into the 

groundwater resource. One monitoring borehole is located north of the Daarby dyke and 

others are located in the vicinity of Dumps 4 and 5. Groundwater monitoring takes place 

around the Renoster Dump, which is located on the Karoo sequence, and Dump 6, located on 

faulted areas in the cave sandstones. 

Administration 

There is a groundwater monitoring borehole at the Total Depot. 

Plant Area 

The Bosbok Dam has been lined as it is located on a fault zone and has historically resulted 

in groundwater pollution. 

The Plant area overlies a basalt formation and groundwater movement is restricted by the 

Daarby fault. The groundwater levels in the groundwater compartment underneath the plant 

area have risen from 40 mbgl to 1 mbgl. 

As a result of dewatering of a number of boreholes, a local cone of depression has been 

created in the groundwater. Two to three boreholes are being pumped 24 hours per day to 

lower the groundwater levels to below the foundations of the plant infrastructure. 80 000 – 

100 000 m3/month of groundwater is abstracted and re-used in the process water circuit. 

Grootegeluk Coal Mine is considering and investigating the use of the basalt compartments 

underneath the plant area for the storage of recharged groundwater with SO4 qualities of up 

to 2000mg/L. This will only be implemented with the consent of the DWA. 

Slimes Dam Complex 

The Slimes Dam Complex is located on a Holkrans Sandstone formation, which is impervious 

except for the weathering zone, which is from surface to approximately 8 mbgl. 
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The Slimes Dams are not lined and the seepage from these dams has resulted in contamination 

of groundwater and an associated groundwater pollution plume. 

A 1,2 km long sub-surface geo-drain has been constructed downslope of the Slimes Dam 

Complex to intercept the migration of contaminated groundwater. The contaminated 

seepage is pumped back to be recycled and re-used in the process water circuit. 

Reductant Plant  

There is a groundwater monitoring borehole located downstream of the Reductant PCD to 

detect any groundwater pollution arising from this site. This groundwater monitoring forms 

part of the mine-wide groundwater monitoring system. 

GMEP (GG7 & GG8) 

There is no direct impact on groundwater from the construction activities of GMEP 7 and 8. 

The GMEP 7 and 8 area overlies the basalt area, similar to the plant area. 

Workshops 

Water is pumped from a borehole at the Pit Workshop for process water use. 

Remainder of the Mine Area 

There is no activity in the remainder of the area that impacts directly on the groundwater 

regime. 

5.2.4.10 Air Quality 

Mining Activities 

Fallout dust generated by the Grootegeluk coal mining operations is one of the dominant 

emissions during the construction and operational phase of the facility. The fallout dust 

generated has a long-term negative impact on local area and will only cease after the 

decommissioning of the mining activities. Constant application of dust suppression measures 

is necessary to keep particulate emissions under control. 

The Char Plant operations give rise to fugitive particulate (TSP, PM10 and PM2.5) and trace 

gas emissions such as SO2, NOx, CO (carbon monoxide), CO2, polycyclic aromatic 

hydrocarbons, VOCs, odours and other air pollutants. The Char Plant is a key source of these 

emissions in the area. The impact associated with the emissions generated by the Char Plant 

has a long-term negative impact on the local area.  

Spontaneous combustion of the coal stockpiles will have a long term negative impact on the 

regional area if not prevented and controlled. The multiple harmful gasses such as carbon 

dioxide and methane pose a risk to both humans and animal life. 

Additional Sources of Air Pollution 
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The impact assessment of the potential additional sources of air pollution in the vicinity of 

the Grootegeluk Coal Mine is as follows: 

Agricultural Activities 

Agricultural emissions are not anticipated to significantly influence the air quality in the area, 

although particulate emissions may increase during the winter period. 

Industrial Activities 

Brickworks 

Emissions from the brickworks have not been modelled or measured, but are expected to 

have a negative impact on the ambient air quality, as the emissions are fugitive and generally 

uncontrolled. The effect however is anticipated to be relatively localized around the 

brickworks.  

Sewage Plants 

The volumes of the emissions from sewage plants are unlikely to have a significant effect on 

the regional air quality as these plants are typically small in size and have a localized impact. 

Power Plants 

The emissions from both Power Stations (currently Matimiba and in future Medupi) will have 

a negative impact on the regional ambient air quality. This will have to be quantified by 

undertaking a cumulative air dispersion model or monitoring air quality in the region. 

Domestic Fuel Burning  

Emissions from the communities, as a result of domestic fuel burning, have a regional impact, 

especially during the winter months, when there is an increase in the demand for space 

heating. 

Biomass Burning  

Fires are reported to occur relatively infrequently in the area, with but typically during 

winter, when the quantity and combustibility of the available material is at its maximum. 

Vehicle Emissions 

The Grootegeluk Coal Mine operations are identified as a key source of vehicle emissions due 

to the high prevalence of heavy vehicles and heavy machinery with internal combustion 

engines. Even though the mine is identified as a key source, it is Golder’s opinion that, due 

to the relatively low density of sensitive receptors and the fact that the vehicle emissions 

are widely distributed, the impact is insignificant. 

Unpaved Roads and Exposed Areas 
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The quantity of dust emissions from unpaved roads varies linearly with the volume of traffic. 

Vehicle entrainment of particulates from unpaved haul roads represents one of the dominant 

emissions of the mining operations. 

5.2.4.11 Noise and Vibration 

Residual Noise Impact 

The noise survey conducted by Jongens Keet Associates (2012) concluded that areas relatively 

far from main roads, Matimba Power Station and Medupi Power Station had a typical rural 

noise climate. Main contributors to the degraded noise climate of the area are traffic on the 

main roads, Matimba Power Station, power station infrastructure remote from the facility, 

Medupi Power Station and Grootegeluk Coal Mine. Ambient noise levels along the 

Steenbokpan Road and Matimba Power Station do not have a significant impact. There will 

be cumulative impacts from noise from Matimba and Medupi Power Stations that will enlarge 

the individual footprints from these two sources of noise. An intermittent source of noise is 

the coal haul trains on the railway line between the Coal Mine and Thabazimbi. It can 

therefore be said that the noise impact from the construction and daily operations of the 

Grootegeluk Coal Mine has low long term negative impact on the local area.  

However, the impact from blasting could have a more intense impact but it will be short lived 

and confined to the site only. 

5.2.4.12 Blasting and Vibration 

Blasting is part of the day-to-day activities of the mine. The amount of explosives used and 

the detonation intervals play the main part in the intensity of the shockwave caused. As 

Grootegeluk Coal Mine only uses skilled people to execute and control this activity, the 

intensity and the significance of the impact is medium to low.  

The area of impact of this activity is of a local extent and short term. Should there be damage 

to infrastructure, it can be rated as a medium to long-term duration. 

During the monitoring conducted by BM&C (2005) it was found that ground vibration and 

airblast results were registered mainly on the monitors at the mine boundary. The two 

monitors on the farms did not show any events that could be associated with either ground 

vibration or airblast due to blasting operations.  

During the review of the data, it was found that airblast was more prominent than ground 

vibration. 31 events showed ground vibration and airblast results of significance, the 

remaining 12 showed almost no ground vibration but significant airblast results. 

It can be concluded that there were no impacts on neighbouring landowners (BM&C, 2005). 

Vibration monitoring is not currently conducted but the intention is to eventually have at 

least one continuous vibration monitor at the mine that will move position as the pit expands. 
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5.2.4.13 Waste Management 

The incorrect handling and disposal of general waste, scrap metal and industrial waste will 

have a long-term negative impact on the local area. The dumping of these types of waste can 

have a serious impact on the habitat of fauna and will destroy flora in the area. Animals can 

ingest plastics and foreign objects that could lead to deaths. The visual character of the area 

will be negatively affected.  

The incorrect handling and disposal of hazardous waste can have a permanent negative 

impact on the local and even regional area if toxic waste is dumped in rivers and sensitive 

areas. Water sources and habitats can be adversely affected, and human health can be 

impacted on. 

5.2.4.14 Visual Aspects 

The waste dumps and other structures have been erected on a fairly flat landscape, but 

because the vegetation is fairly dense, these structures are visible only from short distances.  

The significance of the impact of plant, offices, workshops and other structures on the visual 

element is low negative and, in most cases, negligible because these structures will 

eventually be demolished when the mining activities have ceased. Some of the structures, 

like the offices, roads, railway lines, power lines, etc. could remain and would add a positive 

benefit to the regional socio-economic environment. Some of these structures are also 

situated in remote areas and therefore have a low negative visual impact on the local 

environment. 

On the other hand, the impacts of structures like discard dumps, slimes dams, the mining 

pit, etc. are permanent, as they will remain after mine closure. The visual impact of the 

beneficiation plants will be significant during the operational life of the mine, although they 

are situated in a remote area. After closure these structures will be demolished and removed 

and will have no further impact on the visual component of the environment. 

5.2.4.15 Traffic 

The mining activities will have a long-term and indirect negative impact on the national roads 

and rail transport system because products will be dispatched via these routes therefore 

making an impact on a national level during the operational phase.  

The impact on traffic will be of medium significance and negative in terms of traffic 

congestion on a local level during both the construction and operational phases, the potential 

for accidents and wear and tear on the roads, but also positive in terms of socio-economic 

benefits.  

The proposed development of the Medupi Power Station will have an effect on transport 

infrastructure on the national, regional and local level. There will be a significant effect on 

the N33 road between Modimolle and Vaalwater. The road is narrow and in poor condition, 
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with numerous potholes. The N33 is the main route between Lephalale and the province of 

Gauteng, and will be used by most construction contractors transporting heavy equipment to 

both the mine and the power station. This heavy traffic is likely to cause rapid deterioration 

of the road (SES, 2006). 

There will probably be an increase in light vehicle traffic on the N33 as the population of 

Lephalale grows and more people travel between Lephalale and Gauteng. The increased 

population will also result in an increase in traffic in the town of Lephalale and surroundings 

(SES, 2006).  

During construction of Medupi Power Station, there will be an increase in traffic on the roads 

in the vicinity of the mine. This will raise the risk of road accidents and disruption of traffic 

flow. The extent of this impact will be on a regional basis as contractors’ equipment and 

materials are moved to the area via the national road system. However, the greatest effect 

will be experienced in the immediate surrounds of the mine (SES, 2006). 

5.2.4.16 Sensitive Landscapes / Site of Historical and Cultural Importance 

Cultural Heritage 

The significance of cultural sites and artefacts are determined by their historical, social, 

aesthetic, technological and scientific value. This is in relation to their uniqueness, condition 

of preservation and research potential. 

The sites identified in the vicinity of Grootegeluk Coal Mine will not be directly impacted by 

current mining activities at Grootegeluk Coal Mine. Should mining activities within the 

Grootegeluk Coal Mine develop towards any of the identified sites, mitigation measures must 

be implemented to ensure the preservation of these sites. 

Sensitive Landscape 

The clay pans located to the west of the Grootegeluk Coal Mine will be subjected to open 

cast mining. The impact on the habitat created by these pans will be permanent negative 

during the construction and operational phase. The mine has since undertaken additional 

investigations to support the mitigation of the destruction of the pans and attained a c&i 

WUL to mine through these seasonal pans. (Appendix C). 

During 2021 the mine also kicked off the Pan Creation proof of concepts study, which is aimed 

at testing the feasibility and determining the success of creating similar seasonal pans as part 

of the proposed offset or final rehabilitation plan in future. The implementation of this study 

formed part of the recommendations of the Wetland Report as well as commitments made 

to the Department as part of the WUL approval discussions. 

The pans were created as per the Pan Creation Method Statement that was submitted to the 

Department in April 2020, as required by the WUL. The construction activities kicked off early 
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in June 2021 and was completed in August 2021. The Baseline Assessment of the Donor Pans 

as well as the Construction Close-out Report was submitted to the Department in 2021. The 

next steps will be the monitoring of these systems over a 5-year period to assess the success 

rate of the translocation and recreation process undertaken which will commence early in 

2022. The outcome of the monitoring will indicate the success of the pan creation process 

and will guide the mine regarding future rehabilitation and offset options. 

5.2.4.17 Socio-Economic Aspects 

During the operational phase of the mine the mining activities will have a significant long-

term, positive and beneficial impact on the socio-economic environment of the region. The 

benefits include recruitment and employment of skilled and unskilled labour, infrastructure 

development and highly significant additional income for local, regional and national business 

enterprises. 

The duration of the impact of the mining activities on interested and affected parties will be 

long-term because of a potential mine life of more than 20 years. 

 

6 ENVIRONMENTAL MANAGEMENT PLAN 

6.1 GENERAL MITIGATION AND MANAGEMENT FOR THE HE CONSTRUCTION, OPERATION, 

DECOMMISSIONING AND CLOSURE 

Table 6-1 (Construction Phase), Table 6-2 (Operational Phase) and Table 6-3 

(Decommissioning Phase) contain relevant mitigation measures from historical EMPRs as well 

as updated and current mitigation measures applicable to the mining operations.
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Table 6-1: Environmental Management Plan for the Construction Phase 

Aspect Impact  Mitigation Measures 

GEOLOGY 

 Loss of Geology in the open pit area. No mitigation possible  

 Change of structure of the geomorphology 
in the open pit area.  No mitigation possible  

CLIMATE 

 Insignificant impact due to mining 
activities No mitigation required 

TOPOGRAPHY 

 Loss of topographical features due to the 
construction of surface infrastructure 

• All future infrastructure will be designed with the aim of closure in mind. 

• All future infrastructure will be planned and implemented to blend into the surrounding 
topography as far as feasible. 

• Topographical disturbance will be confined to areas required for the construction of 
additional buildings and infrastructure. 

• Where erosion channels form, they will be top-soiled. The cause of erosion will be identified 
and addressed. 

• Material excavated during the Construction Phase will be stockpiled where it can act as storm 
water control berms.  

• After construction profile the affected areas to be the same as the original topography where 
possible. 

• If furrows or ditches occur, these will be backfilled with stored topsoil similar to the 
surrounding (pre-mining) elevation, in order to ensure a continuation of the pre-mining surface 
drainage pattern. 

 
Permanent alteration of the local 
topography due to the construction of the 
Discard Dumps 

• The impact on topography will continue beyond closure of the mine and must be considered 
with the final rehabilitation designs in order to shape them to blend in with the surrounding 
area; 

• The rehabilitation strategy will be designed to meet all regulatory requirements associated 
with closure of a coal discard dump; and 

• If soil erosion is noted, appropriate remediation measures will be implemented. 
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Aspect Impact  Mitigation Measures 

SOILS 

 Loss of topsoil during construction 
activities 

• The A-horizon (0 – 300mm) will be stripped and stockpiled separately and will not be used for 
the construction of other infrastructure like roads, RWDs etc.; 

• The B-horizon will be excavated and stored separately; 

• Apart from areas where construction will occur, construction vehicle and plant movement or 
activity will be avoided in areas that are not yet disturbed by mining activities, or that have 
already been partially rehabilitated;  

• All vehicles and construction machinery will be kept in good working order and inspected on 
a regular basis for possible leaks and will be repaired as soon as possible, when required; in 
order to prevent and limit impacts on hydrocarbon pollution of soils; 

• Repairs will be carried out in a dedicated repair area only, unless in-situ repair is necessary 
as a result of breakdown; in order to prevent and limit impacts on hydrocarbon pollution of 
soils; 

• Drip trays will at all times be placed under leaking vehicles or plants that are stationary and 
not standing in a bunded area for more than 8 hours or that require in-situ repairs; in order 
to prevent and limit impacts on hydrocarbon pollution of soils; 

• Drip trays will be emptied into designated containers only and the contents provided to oil 
recyclers or disposed of at a licensed hazardous waste disposal facility; 

• Accidental spills will be reported immediately so that effective remediation and cleanup 
strategies and procedures can be implemented to clean contaminated soils; 

• In the event that spillage of contaminants or contaminated soil occurs on bare soil, the 
contaminated soil will be collected and treated at a pre-determined and dedicated location, 
or will be treated in situ using bioremediation. If required, all contaminated soil and all spilt 
materials / substances will be disposed of at a licensed hazardous material disposal facility;  

• All erosion damage that may occur during and as a result of construction activities will be 
repaired immediately in such a manner that further rill and possible gully formation is 
prevented; 

• Topsoil that cannot be immediately used for rehabilitation purposes will be stockpiled; 

• The removed topsoil will be stored separately from overburden and down-gradient from an 
earthen berm; 

• Areas to be cleared shall be clearly marked to eliminate the potential for unnecessary 
clearing of topsoil; 
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Aspect Impact  Mitigation Measures 

• Construction activities shall be restricted to demarcated areas so that impact on soils is 
restricted; 

• Remove and store topsoil separately in areas where excavation/ degradation takes place. 
Topsoil will be used for rehabilitation purposes in order to facilitate regrowth of species that 
occur naturally in the area; 

• Excavated topsoil shall be stockpiled separately from subsoil and adequately protected 
against erosion until replaced during rehabilitation. The topsoil contains both the seed bank 
and the nutrient supply necessary for plant growth: if mixed with subsoil the usefulness of 
the topsoil for rehabilitation of the site will be lost; 

• The maximum topsoil stockpile height should not exceed 2m in order to preserve micro-
organisms within the topsoil, which can be lost due to compaction and lack of oxygen; 

• Stockpiled topsoil will not be compacted and will be re-placed as the final soil layer during 
rehabilitation; 

• Erosion control plan will be put in pace to control erosion of subsoil stockpiles as it occurs; 

• Soil stockpiles will be located away from drainage lines and areas of temporary inundation; 

• Soil should be exposed for the minimum time possible once cleared of vegetation, i.e. the 
timing of clearing and grubbing should be co-ordinated as much as possible to avoid 
prolonged exposure of soils to wind and water erosion; 

• Any erosion channels which develop during construction will be suitably backfilled compacted 
and restored to a proper condition; and 

• Separate stripping and stockpiling of topsoil and subsoil is required when constructing bulk 
earthworks to ensure that materials are not mixed, and can be returned to their former 
positions during rehabilitation. 

 Loss of topsoil due to erosion  

• Areas devoid of vegetation or where soil erosion has taken place will be re-vegetated as soon 
as possible; 

• Within the plant areas where feasible the construction of self-contained bunded areas will be 
considered, for the collection of spillage in order to limit any impact on the soil. Any spillage 
will either be recycled or transferred to be treated to environmentally acceptable standards; 

• Storm water control measures, in line with Best Practice, will be provided in order to prevent 
soil erosion. These measures will be maintained on a regular basis; and 

• Sustainable erosion control measures (for wind and water erosion) will be implemented and 
maintained where necessary in areas disturbed by the construction and other mining activities. 
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Aspect Impact  Mitigation Measures 

 Contamination of soil during construction 
activities.  

• Coal contaminated soil will be removed from the footprint of the coal stockyard area prior to 
laying of the stockyard base and drainage system of any new product stockpile. The 
contaminated soil is to be deposited in an area as identified by the Exxaro ECO/Relevant 
Environmental Practitioner (i.e. on process discard dump; 

• Any soil contaminated during construction and operation will be dealt with in terms of the 
relevant Grootegeluk Coal Mine Procedures; 

• All spills of chemicals or hydrocarbons (oil, diesel, grease, petrol, paraffin) will be cleaned 
with the use of suitable absorbent materials such as Drizit or Oclanzorb. Appropriate soil 
remediation measures will be implemented where soil has been contaminated; and 

• Servicing of vehicles will only be done in designated workshop areas. 

LAND USE / LAND CAPABILITIES 

 Loss of land use and land capability due to 
the construction of mine infrastructure 

• Construction activities must be confined to the areas identified for development in order to 
minimise the loss of land use and land capability.  

PLANT LIFE (FLORA) 

 Loss of flora due to construction 
activities.  

• Areas to be cleared shall be clearly marked in the field to avoid unnecessary clearing; 

• The extent of clearing and disturbance to the indigenous vegetation shall be kept to a 
minimum so that the impact on flora and fauna habitats is restricted; 

• During construction, unnecessary disturbance to habitats shall be strictly controlled. Entering 
any sensitive habitats with construction vehicles and equipment during construction will be 
avoided; 

• All construction areas and routes will be fenced off; 

• Utilise existing access roads as far as possible; 

• No vegetation shall be cleared beyond the minimum area required for the development and 
its operations; 

• Only vegetation falling directly in demarcated access routes or project sites will be removed 
where necessary; 

• The utilization of the impacted vegetation by re-planting it in appropriate areas within the 
sites after construction is completed will be considered where possible; 

• The Exxaro Coal (Pty) Ltd “Protection of trees” policy as well as the Vegetation Management 
Standard Practice Instruction will be adhered to; 
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Aspect Impact  Mitigation Measures 

• The presence of any rare or protected flora species will be continually monitored. If any rare 
or protected species are observed, they will be recorded, reported and relocated or 
destroyed under the correct permit; 

• Protected trees will be clearly marked, counted and a Protected tree permit application, 
according to the National Forest Act for removal, destruction relocation will be compiled and 
submitted to DAFF; 

• Where feasible, saplings of protected tree species will be removed and replanted, or 
maintained in a temporary nursery for rehabilitation purposes.  If this is not possible all 
protected trees will be replaced as part of the rehabilitation and DAFF tree removal permit; 

• Trees listed as Rare or Protected that are located within the development areas will be 
destroyed, relocated or removed under the correct permit; 

• Obtain necessary and required approval for damage/ removal/ cutting/ pruning of protected 
tree species from Department of Forestry, as per National Forests Act (Act No. 84 of 1998) 
under Government Notice GN 1012 of 2004 and GN 767 of 2005; 

• Conduct a final walkthrough prior to commencement of construction activities in order to 
ensure absence of Red Data species from construction sites and identification of localised 
areas of significance; 

• Any vegetative material removed during a project shall be stockpiled for later redistribution 
over the reinstated top-soil surface; 

• All contractors and employees will be made aware of the restrictions on collecting / 
harvesting fauna and flora from the veld for consumption / medicinal purposes; 

• Identify areas that will be suitable for new access roads, ensuring proper upgrade/ 
construction/ maintenance in order to limit erosion, proliferation of weeds, etc.; 

• As far as practical, limit construction, maintenance and inspection activities to dry periods in 
order to curb occurrence/ augmentation of erosion in areas of existing erosion, destabilizing 
of substrate in wetlands/ riparian zones; and 

• Compile and implement an environmental monitoring programme, the aim of which should be 
preventing construction related impacts, ensuring long-term success of rehabilitation and 
prevention of environmental degradation; and 

• Develop a Biodiversity Action Plan (BAP). 

 
Establishment of Alien and Invader species 
due to the removal of indigenous 
vegetation. 

• Soil stockpiles will be kept free of alien/undesirable vegetation; 

• Remove invasive and alien vegetation, particularly in vicinity of transformed areas where 
alien and invasive trees are known to occur; 
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Aspect Impact  Mitigation Measures 

• An alien/invasive vegetation management control plan will be developed and implemented to 
prevent the established and spread of invasive plants: 
o Regular site inspections will be conducted to identify any declared weeds and/or 

invader plants. If identified, the plants will be eradicated using appropriate methods; 
o Establish an on-going monitoring programme to detect and quantify any alien species 

that may become established and identify the problem species (as per the Conservation 
of Agricultural Resources Act, Act 43 of 1983). Compilation of a Declared Category 1, 2 
& 3 management plan and monitoring programme will be compiled and implemented. 

• Immediately control any alien plants that become established using registered control 
methods; and 

• During a project, the disturbed areas will be monitored and maintained to contain and 
prevent alien and invasive plants from spreading in the area. A three monthly inspection by 
the ECO/Relevant Environmental Practitioner will be executed in this regard. 

ANIMAL LIFE (FAUNA) 

 Loss of habitat / habitat fragmentation 
due to construction activities. 

• Develop a BAP; 

• The presence of any rare or protected fauna species will be continually monitored. If any 
rare or protected species are observed, they will be recorded, reported and relocated under 
the correct permit. Particular monitoring will be undertaken for the possible presence of the 
Giant Bullfrog; 

• All contractors and employees will be made aware of the restrictions on collecting / 
harvesting fauna and flora from the veld for consumption / medicinal purposes; 

• Contractors and staff will be prohibited to chase, catch or kill any animals found or 
encountered during construction and operation phases; 

• Rehabilitation of disturbed areas will take place as soon as possible in order to restore the 
lost habitats; 

• Monitoring of rehabilitated areas will take place to monitor the success rate of restoring 
habitats; 

• Where possible, proposed linear infrastructure will be aligned with existing linear 
infrastructure. No unnecessary linear infrastructure will be developed; and 

• Where possible, culverts will be installed at regular intervals along the Eskom conveyor routes, 
fences and access roads to allow access across the barrier. 
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Aspect Impact  Mitigation Measures 

 Impact on fauna due to fauna-human 
interactions.  

• A low speed limit (40 km/h) will be enforced on site during construction to reduce wildlife-
vehicle collisions; 

• The destruction, harvesting, handling, poisoning and killing of on-site fauna and flora will be 
strictly prohibited; 

• Construction workers and contractors will be made aware of the presence of, and rules 
regarding, flora and fauna through suitable induction training and on-site signage; and 

• All borrow pits, trench excavations, cyclic ponds, RWD and the New Gate site will be fenced 
off during construction to prevent wildlife from accessing these areas. 

SURFACE WATER 

 

Impact on surface water as a result of 
hazardous materials, contamination, 
unnecessary crossing by vehicles or 
personnel, extraction, drinking or other 
human uses, construction and 
maintenance activities.  

• Comply with Grootegeluk Coal Mine Procedures for Water Use Management Regional Standard 
(RS.WB.H03.100), the current water licence and Grootegeluk Coal Mine IWULA application; 

• Construct berms / trenches to separate clean and dirty water as per the recommendations of 
the Storm water management plan compiled by Golder (2012) (Section 7.2) and the updated 
Stormwater Regional Master Plan compiled by Delta (2015).  The Storm Water Management 
plan will be updated and revised in accordance with license conditions or as the need is 
identified; 

• Provide system for management clean and dirty water on and around any construction site, 
avoiding ponding of dirty water and subsequent pollution and of recharge of groundwater 
table; 

• If a hazardous substance spillage occurs the spillage will be cleaned immediately and the 
contaminated area will be rehabilitated, as appropriate; 

• Where significant pollution potential is identified in terms of the clean and dirty water 
systems, these areas will be lined; 

• Labourers working during the construction phase will be provided with ablution facilities by 
the relevant contractor; 

• During earthworks, the construction area will be linked to a suitable storm water system to 
ensure that contaminated runoff is contained; and 

• Plant run-off, which is likely to contain suspended solids and sediment will as far as possible 
be routed through sumps or settling ponds to enable sediment to settle before being discharged 
in the pit.  Designs will be in accordance with Regulation 704 of the National Water Act (1998).  
Any remaining solids will settle in the Bench 11 sump. 
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Aspect Impact  Mitigation Measures 

GROUNDWATER 

 Contamination of groundwater as a result 
of construction, activities.  

• Good housekeeping practices, dedicated bunded areas for hazardous chemicals and repair of 
vehicles will be implemented by all contractors to minimize the impacts. Regular inspections 
will be done on all contactors to ensure compliance; and 

• Dirty and clean water will be separated by implementing clean and dirty water 
systems/structures prior to construction activities to prevent pollution of clean water runoff 
or the existing dirty and clean water systems will be maintained. The clean and dirty water 
systems and structures will be properly designed. 

 Contamination of groundwater due to 
spillages of hazardous materials. 

• All spillages to be cleaned up immediately. Contaminated soil will be removed and disposed 
of as per hazardous waste management procedures.  

 

Increased artificial recharge due to 
surface water spills, unlined surface water 
containment facilities and drainage from 
product beds and stockpiles. 

• All new process water management facilities will be lined where possible to prevent 
contamination of groundwater; and 

• Construct shallow dewatering boreholes in areas where groundwater mounding could cause 
problems.  

 Contamination of surrounding area due to 
unlined contaminant sources 

• Continuous monitoring of areas of concern; and 

• Hydraulically control flow towards the pit to prevent off-site migration. 

AIR QUALITY 

 Impact on ambient air quality as a result 
of construction activities 

• The rigorous enforcement of speed control on all roads within the construction areas. A 
maximum speed of 40 km/h will be set on all unpaved roads and 60 km/h on paved / tarred 
roads. The mine’s speed limits will be controlled and, should it be seen necessary, the 
speeding limit will be reduced accordingly.  

• The use of traffic calming measures such as “speed humps” may also be instituted, and 
o Wet suppression or chemical stabilization of the unpaved roads; 
o Load covering with tarpaulins to reduce fugitive dust generation; 
o All vehicles and other equipment will be maintained and serviced regularly to ensure 

that particulate emissions are kept to a minimum; 
o Reduction in unnecessary traffic volumes; and 
o Avoidance of dust track-on onto neighbouring paved roads.  

• Materials handling control measures such as: 
o Wet suppression; 
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Aspect Impact  Mitigation Measures 
o Reduced materials handling through process alterations; 
o Drop height reduction; and  
o Introduction of wind breaks or sheltering. 

• Erosion control measures for exposed areas such as: 
o Wet suppression;  
o Introduction of wind breaks or sheltering; and 
o Progressive re-vegetation of exposed and or disturbed areas. 

• Vehicle emissions reduction measures, including: 
o Use of low sulphur fuels; 
o Alternative fuels; 
o Improved driver training on appropriate driving techniques to reduce fuel consumption; 
o Replace old vehicles with new; and 
o Regular vehicle maintenance; 

• The contractors will be required to take appropriate measures to minimize the generation of 
dust as a result of their work, operations or activities. Such measures will include regular and 
effective treatment of gravel access roads and working areas; 

• Dust suppression will be practiced especially, during windy conditions; 

• The use of water sprays for dust suppression will be included in potential mitigating 
measures, especially during the dry season; 

• Dust suppression will be done with water hoses in inaccessible areas where vehicular traffic is 
impossible; and 

• Abstracted ground water could be used for dust suppression purposes. 

 Impact on air quality as a result of 
emissions from vehicles. 

• Vehicles and equipment will undergo regular inspection in order to ensure that they area in 
good working order and thus prevent excessive emissions of noise or fumes. 

NOISE AND VIBRATION 

 

Impact due to construction site yards and 
other noisy fixed facilities 

• These yards and facilities will be located well away from noise sensitive areas adjacent to 
the development sites. 

Impacts due to construction vehicles and 
equipment 

• Vehicles and equipment will be kept in good repair to minimise noise impact; 

• Noise emanating from construction machinery and equipment must be kept to a minimum, by 
the fitting of exhaust silencers, when required and when deemed necessary, and through the 
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Aspect Impact  Mitigation Measures 
regular maintenance of construction vehicles. Where possible, construction activities will be 
restricted to daylight hours; 

• Where necessary, stationary noisy equipment e.g., compressors, pumps, pneumatic breakers, 
will be encapsulated in acoustic covers, screens or sheds. Portable acoustic shields may be 
used where noisy equipment is not stationary e.g., drills, angle grinders, chipping hammers, 
poker vibrators; and 

• Machines in intermittent use will be shut down in the intervening periods between work or 
throttled down to a minimum. 

Impacts due to construction activities 

• Construction activities will be confined as far as possible to daylight hours; 

• Construction vehicles and equipment generating excessive noise will be fitted with 
appropriate noise abatement measures; 

• Where ambient noise levels have been identified as being significant, as part of the identified 
project impacts, noise levels will be monitored regularly at critical receptors / locations both 
on and off the mine site.; 

• All issues/complaints will be included within the existing Incident Management System; 

• Noise generating activities will be restricted to between 06h00 and 18h00 Monday to Friday, 
and 06h00-13h00 on Saturdays unless otherwise approved by the appropriate competent 
person in consultation with adjacent landowners or potentially affected persons; and 

• Noise emanating from construction activities must not exceed the ambient noise level with 
more than 7dBA or more when measured at the nearest dwelling. 

TRAFFIC 

 

Increased inconvenience and danger to 
the users of the internal mine roads as a 
result of increased traffic during the 
construction phase 

• Contractors will be limited to the clearly defined access routes and areas to be constructed 
in order to ensure that undisturbed areas will not be disturbed; 

• Where possible, already disturbed areas, such as existing access roads will be utilized; 

• All contractors/employees will at all times obey the rules of the road. No speeding will be 
allowed; 

• All contractors/employees will at all times use roadworthy vehicles; 

• Temporary access roads will not be opened up until required and will be removed and the 
land restored to its former state as soon as the roads are no longer needed; 

• Transport routes to and within the site will be clearly demarcated prior to use; 
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Aspect Impact  Mitigation Measures 

• All personnel and vehicles used for transportation and/or construction purposes will remain 
within these demarcated routes and areas, i.e. vehicles will not be allowed to drive randomly 
across the sites, but will remain within demarcated and approved routes. The purpose of this 
measure is to: 
o limit unnecessary compaction of topsoil; and 
o prevent disturbance of vegetation and sensitive habitats outside of site. 

• No access roads are to be constructed without prior approval from the ECO/Relevant 
Environmental Practitioner and landowners; and 

• Access roads need to be dust free. 

 
Impact on local roads and neighbouring 
communities due to an increase of traffic 
as a result of mining activities 

• Campaign to promote traffic safety awareness and a culture of adherence to speed limits 
amongst employees and contractors. 

POLLUTION PREVENTION, MITIGATION AND REMEDIATION 

 Impacts due to lack of emergency 
preparedness and response.  

• Develop emergency plan to deal with any event of contamination, pollution or spillages, 
particularly in riparian areas. 

• Potential contamination, pollution and spillages must be prevented by: 
o Identification of potential pollution sources; 
o Compilation of procedures and work instructions to ensure the correct handling, storage 

and disposal of pollution sources; and 
o Frequent training of relevant personnel working with potential pollution sources.   

• The significance of potential pollution / contamination will be determined by considering the 
likelihood of the event occurring as well as the consequence of such an event.   

• Once the significance is determined, appropriate preventative measures will be instituted.   

• Existing suspected sources of pollution will be identified and listed; 

• The significance / risk determination will be done to prioritise the existing suspected sources 
by means of: 
o Site sampling and assessment; 
o Laboratory tests; 
o Analysis of the results; 
o Re-assess risk profile (Quantify); and 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 181 

Aspect Impact  Mitigation Measures 
o Design/select rehabilitation plans. Design strategies to rehabilitate this resource, 

design/select rehabilitation plan and prevent further migration of pollutants from these 
areas. 

• Determine the extent and degree of pollution; 

• Implement preventive control measures and systems to prevent future occurrence of 
pollution; and 

• Post remediation monitoring and measuring will take place. A post-remediation monitoring 
system will be implemented and reviewed on an annual basis. 

HAZARDOUS CHEMICAL SUBSTANCES AND EQUIPMENT 

 Impacts due to spillages and accidents 
related to hazardous materials 

• Oils, greases and diesel will be stored in the prescribed manner and within bunded areas to 
prevent groundwater seepage; 

• Should any chemicals be spilled onto the soils the ECO/Relevant Environmental Practitioner 
shall be informed immediately and the correct spillage procedures will be followed to clean 
it up; 

• The extent of soil contamination will be determined and polluted soil shall be rehabilitated 
to the satisfaction of the ECO/Relevant Environmental Practitioner by removing the 
contaminated soil and disposing of it in an appropriate manner at a registered dumpsite. The 
scarred area will be re-vegetated if appropriate; 

• All machinery will be maintained in a good working order so as to prevent soil or water 
pollution from oil, fuel or chemical leaks; 

• Preventative measures will be implemented such as: 
o Bunded areas for hazardous chemicals; 
o Good housekeeping; and 

• Monitoring of organic contaminants as an early warning system. 

 

Impacts due to spillage and accidents 
related to hazardous materials and other 
activities associated with construction 
camps and construction activities.   

• All construction equipment shall be stored within the formal construction equipment camp; 

• Routine servicing and maintenance of vehicles will not take place on-site (except for 
emergency situations or large cranes which cannot be moved off-site). If repairs of vehicles 
must take place outside of designated areas, an appropriate drip tray will be used to contain 
any fuel or oils; 

• All fuels will be stored within a bunded area and on a sealed surface; 
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• Only designated areas will be used for storage of construction materials, soil stockpiles, 
machinery and other equipment; 

• Specific areas shall be designated for cement batching plants (if required). The cement 
batching plant will be contained within a bunded area. Sufficient drainage for these plants 
will be in place to ensure that soils do not become contaminated; 

• Concrete and chemicals will be mixed on plastic linings and provisions will be made to 
contain spillages or overflows into the soil; 

• Any storage tanks containing hazardous materials will be placed in bunded containment areas 
with sealed surfaces. The bund walls will be high enough to contain 110% of the volume of 
the largest container; 

• Any hazardous substances will be stored away from any water body; 

• Workshop areas shall be monitored for oil and fuel spills and such spills will be cleaned and 
remediated to the satisfaction of the ECO/Relevant Environmental Practitioner. The 
Contractor shall be in possession of an emergency spill kit that will be complete and available 
at all times on site; 

• Where applicable hazardous waste handling and spill response training shall be included for 
staff and contractors as part of site induction; 

• Corrective action will be undertaken immediately if a complaint is made, or potential/actual 
leak or spill of polluting substance identified. This includes stopping the contaminant from 
further escaping, cleaning up the affected environment as much as practically possible and 
implementing preventive measures; 

• Spill response procedures must include removal/ disposal of potentially contaminated water 
and soil; 

• Any contaminated/polluted soil removed from the site must be disposed of at a licensed 
hazardous waste disposal facility; 

• Oily water from bunds at the substation shall be removed from site by licensed contractors; 

• Spilled cement or concrete must be cleaned up as soon as possible and disposed of at a 
suitably licensed waste disposal site; 

• Any storage and disposal permits/approvals which may be required shall be obtained, and the 
conditions attached to such permits and approvals shall be compiled with; 

• Transport of all hazardous substances shall be in accordance with the relevant legislation and 
regulations; 
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• Once construction has been completed on site and all excess material has been removed, the 
storage area must be appropriately rehabilitated. If the area has been badly damaged, re-
seeding shall be done and fencing in of the area shall be considered if wildlife will 
subsequently have access to such an area; 

• Any hazardous substances must be stored away from any areas susceptible to pollution (e.g. 
water bodies); 

• Spill response procedures must include removal/ disposal of potentially contaminated water 
and soil; 

• All chemicals, including fuel and grease will be stored in a safe and secure area in sealed 
containers on an impenetrable area or floor, with provision for trapping spillage; 

• Proper storage facilities will be provided for the storage of chemicals and any hazardous 
materials to be used during construction or operation; 

• These storage facilities (including any containers) will be stored on an impermeable surface, 
in order to ensure that accidental spillage does not pollute soil or water resources; 

• An inventory of all chemicals and other substances must be kept on site, along with a 
description of possible ill effects and treatment of health-related afflictions resulting from 
accidents, will be kept in the storage area as well as by the appropriate site manager. Such 
areas will be securely closed; 

• Workers will at all times be made aware of the health risks associated with the use of all 
chemicals (e.g. smoking near storage areas), and should be provided with appropriate 
protective clothing or equipment in case of spillages or accidents; 

• All hazardous waste will be disposed of at a registered waste disposal facility and by licensed 
contractor.  

• Material Safety Data Sheets will be updated regularly and be available on-site; 

• Oils, greases and diesel will be stored in the prescribed manner and within bunded areas to 
prevent soil contamination; 

• If a spillage occurs the incident will be reported and the spillage will be cleaned immediately 
and the contaminated area will be rehabilitated, appropriate; 

• Construction contracts will include specifications, which make contractors aware of the 
necessity to prevent spillages by the implementation of good housekeeping practices; 

• A rapid response team should be available on 24-hour notice to deal with hazardous spillages; 
and 
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• All vehicles and equipment will be serviced regularly and will be kept in good working order 
within designated areas to prevent soil contamination. 

WASTE MANAGEMENT 

 Impacts due to handling of waste during 
construction of additional infrastructure.  

• Each contractor will consult with the Exxaro ECO/Relevant Environmental Practitioner 
regarding waste management practices at the mine and will submit a waste management 
strategy to the Exxaro ECO/Relevant Environmental Practitioner. The strategy will provide 
details of the types of waste that would be generated (i.e., construction rubble, scrap metal, 
hazardous waste, general waste) and how these will collected and stored, and where the 
waste will be disposed during and upon completion of construction.  

• The contractors’ waste strategies will be in line with the Grootegeluk Coal Mine EMS 
procedures for waste management (i.e., SPI GG GG/D04.010). 

• The contractor waste strategy must be signed off by the Exxaro ECO / Relevant 
Environmental Practitioners. 

• Contractors must adhere to their waste management strategies as approved by the Exxaro 
ECO/Relevant Environmental Practitioner. 

• Construction contractors shall provide specific detailed waste management plans to deal with 
all waste streams. 

• Supply appropriate numbers of waste collection bins on site. 

• Specific areas at the contractor site shall be designated for the temporary management of 
the various waste streams, i.e., general refuse, construction waste, and contaminated waste. 
Location of such areas must seek to minimise the potential for impact on the surrounding 
environment, including prevention of contaminated runoff, seepage and vermin control. 

• Hazardous and non-hazardous waste shall be separated at source. Separate waste collection 
bins must be provided for this purpose. These bins must be clearly marked and appropriately 
covered. 

• All solid waste collected shall be disposed of at a registered waste disposal site. A certificate 
of disposal shall be obtained and kept on file. The disposal of waste shall be in accordance 
with all relevant legislation. Under no circumstances may solid waste be burnt on site. 

• Where a registered waste site is not available close to the construction site, a method 
statement shall be provided with regard to waste management. 

• Where possible, construction and general wastes on-site shall be re-used or recycled. Bins 
and skips shall be available on-site for collection, separation and storage of waste streams 
(such as wood, metals, general refuse etc). A recycling plan shall be developed in accordance 
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with the requirements of the National Environmental Management: Waste Act and National 
Waste Management Strategy, and submitted for approval. 

• Documentation (waste manifest) shall be maintained detailing the quantity, nature and fate 
of any regulated waste. 

• Regularly serviced chemical toilet facilities will be used to ensure appropriate hygiene. 

• No waste may be buried or burnt on site under any circumstances. 

• Disposal of waste will be in accordance with relevant legislative requirements, including the 
use of licensed contractors. 

• Proper waste management measures (including recycling) will be implemented. Waste 
generated on site will be classified and disposed of accordingly.  

• The disposal of solid and liquid waste associated with construction or any other activities will 
be controlled. No illegal dumping or disposal will be allowed to take place. 

• All hazardous waste will be disposed of at a registered waste disposal facility and by licenced 
contractors.  

• All domestic waste generated on the site will be contained in animal proof skips or containers 
and later disposed of in a proper manner off site at a registered waste site. 

• In general, littering, discarding or burying of any waste materials shall not be allowed on site. 

FIRE PREVENTION STRATEGIES 

 Impacts due to uncontrolled fires.  

• A fire action plan must be in place and all fire fighting equipment must be well maintained; 

• No fires will be permitted on site: 
o Prevent open fires, provide demarcated fire-safe zones, facilities and fire control 

measures; 
o The emergency procedure will be reviewed where necessary to cater for veld fires; 
o All contractors and employees will be informed of the fire fighting strategy; 
o Smoking is prohibited in the vicinity of flammable substances; 
o Fire-fighting equipment must be available on site, in particular where flammable 

substances are being stored or used; 
o Any welding or other sources of heating of materials will be undertaken in a controlled 

environment wherever possible and under appropriate supervision, in such a manner as 
to minimise the risk of veld fires and/or injury to staff; and 
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o Open fires for heating and cooking shall only be permitted in protected areas 

designated by the ECO / Relevant Environmental Practitioner for this purpose. 

VISUAL ASPECTS 

 Visual impacts as a result of construction 
activities.  

• No brightly coloured paints should be used unless required for safety reasons; 

• Dust suppression methods, such as water spraying, will be applied where necessary; 

• Lighting shields, directional lighting and low level lights will be implemented in construction 
areas where applicable. The use of movement-activated light for security purposes will also 
be considered; 

• Large areas of reflective surfaces such as corrugated iron will be painted, especially where 
these may be angled towards the sun; 

• White or light coloured surfaces should be avoided and tans or muted colours used wherever 
possible; and 

• The entrance area will be kept as clean and orderly as possible at all times and storage areas 
and the like will be screened from view where possible. 

SENSITIVE LANDSCAPES / SITE OF HISTORICAL AND CULTURAL IMPORTANCE 

 
Destruction and damage to sensitive 
landscapes and cultural historical sites 
due to construction activities. 

• The location of the cultural historical sites presented Figure 4-26, will be added to an overall 
mine development plan in order to avoid these sites in future and implement the proposed 
mitigation measures; 

• If development is to take place on or near a site, the recommendations within Appendix 2 of 
the Heritage Impact Report (Appendix J) will be implemented; 

• Cemeteries: 
o These sites will be avoided; 
o If they cannot be avoided, relocation of the graves will be pursued. 

• Construction activities and material borrowing will be restricted to the proposed pit 
extension footprint. All construction related and associated activities should stay outside of 
all the remaining “High Areas of Conservation Importance” and associated “Buffer Zones” 
within the greater Grootegeluk Coal Mine Area (Figure 4-5).  

 Accidental uncovering of unknown sites 

• Must be immediately reported to a museum, preferably one which an archaeologist is 
available. 

• An archaeologist will be contacted in order to:  
o Investigate and evaluate the occurrence; and  
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o To make suggestions with regard to suitable mitigation measures. 

 Impacts on cultural and heritage sites due 
to construction activities.  

• Familiarise all staff and contractors with procedures for dealing with heritage objects/sites if 
uncovered during construction; 

• Project employees and any contract staff will maintain, at all times, a high level of 
awareness of the possibility of discovering heritage sites; and 

• If a heritage object is found, work in that area shall be stopped immediately, and appropriate 
specialists brought in to assess to site, notify the administering authority of the item/site, and 
undertake due/required processes. 

SOCIO-ECONOMIC 

 Impacts on local communities as a result 
of the mining activities 

• Construction activities will be confined as far as possible to daylight hours; 

• An open, transparent and consultative process will be followed with Interested and Affected 
Parties; 

• Access to the Grootegeluk Coal Mine will be restricted to employees of contractors or the 
proponent during the construction phase; 

• The contractors will ensure that labourers remain within the demarcated site; 

• The contractors will ensure proper supervision of employees at all times; 

• All staff will be educated as to the need to refrain from destruction of animals and plants, as 
well as from indiscriminate defecation and urination, waste disposal and/or pollution of soil 
and water resources; and 

• Staff will be informed that access to adjacent/private properties is strictly prohibited, and 
that it will be deemed a serious offence if any person is found trespassing. 

 Impacts on neighbouring communities due 
to the influx of foreign workers 

• Implement Training programmes to improve local skills base and improved employability of 
local workforce; 

• Implement awareness campaigns amongst employees, contractors and local community; 

• As far as possible, labour will be sourced from the local, nearby settlements and in 
accordance with the Social and Labour Plan; 

• Contractors must make all efforts to obtain services and consumables from local 
entrepreneurs, where possible; 

• No recruitment will be allowed on-site; 
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• Contractors that hire local labour will be under contractual obligation to only hire labourers 
that have proof of residence to prevent the influx of newcomers in search of employment; 

• Where necessary, housing will be the responsibility of the contractors; 

• Complaints received from the community must be registered and recorded in the appropriate 
complaints register. The complaints must be brought to the attention of the Environmental 
Co-ordinator, who will respond accordingly. The following information must be recorded: 
o Time, date and nature of complaint; 
o Response and investigation undertaken; and 
o Actions taken and by whom. 

• All complaints must be investigated, and a formal response is to be given within seven (7) 
days of receipt; 

• All incidents occurring at the site must be recorded in the appropriate Environmental 
Incidents Register. The complaints must be brought to the attention of the Environmental Co-
ordinator, who will respond accordingly. The following information must be recorded: 
o Time, date and name of person who reported incident; 
o Description of the Incident; 
o Description of the mitigation; 
o Name of person responsible for managing the incident; and 

• Details of the incident closure. 

 Social investment – expenditure on social 
projects and initiatives will be expanded 

• Consult with local community structures and Municipality on annual basis to align projects 
with community needs. 

 

Table 6-2: Environmental Management Plan for the Operational Phase 

Aspect Impact  Mitigation Measures 

GEOLOGY 

 Loss of Geology in the open pit area. No mitigation possible. 

 Change of structure of the 
geomorphology in the open pit area.  No mitigation possible. 

CLIMATE 
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 Insignificant impact due to mining 
activities No mitigation required. 

TOPOGRAPHY 

 Loss of topographical features due to 
open cast mining activities 

• Inter-burden backfilling will be conducted as outlined within the closure planning 
documentation. 

 
Permanent alteration of the local 
topography due to the operation and of 
the Discard Dumps.  

• If soil erosion is noted, appropriate remediation measures will be implemented. 

SOILS 

 Loss of topsoil during operational 
activities 

• Stockpiled topsoil that cannot be timeously used for rehabilitation purposes will be 
managed and maintained to ensure viability for rehabilitation purposes in order to 
facilitate re-growth of species that occur naturally in the area ; 

• Excavated topsoil shall be stockpiled separately from subsoil and adequately protected 
against erosion until replaced during rehabilitation. The topsoil contains both the seed bank 
and the nutrient supply necessary for plant growth: if mixed with subsoil the usefulness of 
the topsoil for rehabilitation of the site will be lost; 

• The maximum topsoil stockpile height should not exceed 2m in order to preserve micro-
organisms within the topsoil, which can be lost due to compaction and lack of oxygen; 

• Stockpiled topsoil will not be compacted and will be re-placed as the final soil layer during 
rehabilitation; 

• All vehicles and machinery will be kept in good working order and inspected on a regular 
basis for possible leaks and will be repaired as soon as possible, when required; in order to 
prevent and limit impacts on hydrocarbon pollution of soils; 

• Repairs will be carried out in a dedicated repair area only, unless in-situ repair is necessary 
as a result of breakdown; in order to prevent and limit impacts on hydrocarbon pollution of 
soils; 

• Drip trays will at all times be placed under leaking vehicles or plants that are stationary 
and not standing in a bunded area for more than 8 hours or that require in-situ repairs; in 
order to prevent and limit impacts on hydrocarbon pollution of soils; 

• Drip trays will be emptied into designated containers only and the contents provided to oil 
recyclers or disposed of at a licensed hazardous waste disposal facility; 
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• Accidental spills will be reported immediately so that effective remediation and clean-up 
strategies and procedures can be implemented to clean contaminated soils; 

• In the event that spillage of contaminants or contaminated soil occurs on bare soil, the 
contaminated soil will be collected and treated at a pre-determined and dedicated 
location, or will be treated in situ using bioremediation. If required, all contaminated soil 
and all spilt materials / substances will be disposed of at a licensed hazardous material 
disposal facility;  

• The contaminated material from the S-pits needs to be remediated and the systems 
decommissioned.  All contamination to these areas should be stopped after new separators 
are installed.   

• All erosion damage that may occur during and as a result of operational activities will be 
repaired immediately in such a manner that further rill and possible gully formation is 
prevented; 

• An Erosion Control Plan must be compiled and implemented; and 

• Any erosion channels which develop during operational activities will be suitably backfilled 
compacted and restored to a proper condition. 

 Loss of topsoil due to erosion  

• Areas devoid of vegetation or where soil erosion has taken place will be re-vegetated as 
soon as possible; 

• Within the plant areas where feasible the construction of self-contained bunded areas will 
be considered, for the collection of spillage in order to limit any impact on the soil. Any 
spillage will either be recycled or transferred to be treated to environmentally acceptable 
standards; 

• Storm water control measures, in line with Best Practice, will be provided in order to 
prevent soil erosion. These measures will be maintained on a regular basis; and 

• Sustainable erosion control measures (for wind and water erosion) will be implemented and 
maintained where necessary in areas disturbed by the operational mining activities. 

 Contamination of soil during operational 
activities.  

• Coal contaminated soil will be removed from the footprint of the coal stockyard area prior 
to laying of any new stockyard base and drainage system of any new product stockpile. The 
contaminated soil is to be deposited in an area as identified by the Exxaro ECO/Relevant 
Environmental Practitioner (i.e., on process discard dump). Contaminated product will be 
reclaimed. 
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• During operations care will be taken not to contaminate the natural ground with coal 
material. Spills will have to be removed and disposed of according to Grootegeluk 
procedures; 

• All spills of chemicals or hydrocarbons (oil, diesel, grease, petrol, paraffin) will be cleaned 
with the use of suitable absorbent materials such as Drizit or Oclanzorb. Appropriate soil 
remediation measures will be implemented where soil has been contaminated, or the 
contaminated soil will be disposed at a licensed hazardous waste disposal facility.; and 

• Servicing of vehicles will only be done in designated workshop areas. 

LAND USE / LAND CAPABILITIES 

 Loss of land use and land capability due 
to the operation of mine infrastructure 

• Contain operational activities to designated areas in order to avoid the unnecessary change 
in land use and land capability.  

PLANT LIFE (FLORA) 

 Loss of flora due to operational 
activities.  

• Utilise existing access roads as far as possible; 

• The utilization of the impacted vegetation by re-planting it in appropriate areas within the 
sites after construction is completed will be considered where possible; 

• The Exxaro Coal (Pty) Ltd “Protection of trees” policy as well as the Vegetation 
Management Standard Practice Instruction will be adhered to; 

• The presence of any rare or protected flora species will be continually monitored. If any 
rare or protected species are observed, they will be recorded, reported and relocated or 
destroyed under the correct permit; 

• Where practical any vegetative material removed during a project shall be stockpiled for 
distribution to the community for fire wood, or for later redistribution over the reinstated 
top-soil surface; 

• All contractors and employees will be made aware of the restrictions on collecting / 
harvesting fauna and flora from the veld for consumption / medicinal purposes; 

• As far as practical, limit construction, maintenance and inspection activities to dry periods 
in order to curb occurrence/ augmentation of erosion in areas of existing erosion, 
destabilizing of substrate in wetlands/ riparian zones; 

• Implement the environmental monitoring programme, the aim of which should be 
preventing operation related impacts, ensuring long-term success of rehabilitation and 
prevention of environmental degradation; and 
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• Investigate the feasibility of establishing a plant nursery, and establish such a holding facility 
to protect specific plants that are of conservation value, such that these can be returned to 
suitable habitats as restoration becomes possible; and 

• Development of a Biodiversity Action Plan (BAP) 

 
Establishment of Alien and Invader 
species due to the removal of indigenous 
vegetation. 

• Soil stockpiles will be kept free of alien/undesirable vegetation; 

• Remove invasive and alien vegetation, particularly in vicinity of transformed areas where 
alien and invasive trees are known to occur; 

• An alien/invasive vegetation management control plan will be developed and implemented 
to prevent the established and spread of invasive plants: 
o Regular site inspections will be conducted to identify any declared weeds and/or 

invader plants. If identified, the plants will be eradicated using appropriate methods; 
o Establish an on-going monitoring programme to detect and quantify any alien species 

that may become established and identify the problem species (as per the 
Conservation of Agricultural Resources Act, Act 43 of 1983). Compilation of a Declared 
Category 1, 2 & 3 management plan and monitoring programme will be compiled and 
implemented. 

• Immediately control any alien plants that become established using registered control 
methods; and 

• During a project, the disturbed areas will be monitored and maintained to contain and 
prevent alien and invasive plants from spreading in the area. A three monthly inspection by 
the ECO/Relevant Environmental Practitioner will be executed in this regard. 

ANIMAL LIFE (FAUNA) 

 Loss of habitat / habitat fragmentation 
due to operational activities. 

• Develop a BAP; 

• The presence of any rare or protected fauna species will be continually monitored. If any 
rare or protected species are observed, they will be recorded, reported and relocated 
under the correct permit. Particular monitoring will be undertaken for the possible 
presence of the Giant Bullfrog; 

• All contractors and employees will be made aware of the restrictions on collecting / 
harvesting fauna and flora from the veld for consumption / medicinal purposes; 

• Contractors / employees and staff will be prohibited to chase, catch or kill any animals 
found or encountered during operation phases; 
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• Rehabilitation of disturbed areas will take place as soon as possible in order to restore the 
lost habitats; and 

• Monitoring of rehabilitated areas will take place to monitor the success rate of restoring 
habitats. 

 Impact on fauna due to fauna-human 
interactions.  

• A low speed limit (40 km/h) will be enforced on site to reduce wildlife-vehicle collisions; 
and 

• The destruction, harvesting, handling, poisoning and killing of on-site fauna and flora will be 
strictly prohibited. 

SURFACE WATER 

 

Impact on surface water as a result of 
hazardous materials, contamination, 
unnecessary crossing by vehicles or 
personnel, extraction, drinking or other 
human uses, operational and 
maintenance activities.  

• Comply with Grootegeluk Coal Mine Procedures for Water Use Management Regional 
Standard (RS.WB.H03.100), the current water licence and Grootegeluk Coal Mine IWULA 
application; 

• Construct berms / trenches to separate clean and dirty water as per the recommendations 
of the Storm water management plan compiled by Golder (2012) (Section 7.2) and the 
updated Stormwater Regional Master Plan compiled by Delta (2015). The Storm Water 
Management plan will be updated and revised in accordance with license conditions or as 
the need is identified; 

• If a hazardous substance spillage occurs the spillage will be cleaned immediately and the 
contaminated area will be rehabilitated, as appropriate; and 

• Any carbonaceous spillages will be cleaned up on a regular basis and the area underneath 
rehabilitated as required. Slimes will be left to dry for no longer than a week before being 
picked up and removed to the discard dump. 

GROUNDWATER 

 Contamination of groundwater as a result 
of operational, activities.  

• Good housekeeping practices, dedicated bunded areas for hazardous chemicals and repair 
of vehicles will be implemented and maintained to minimize the impacts. Regular 
inspections will be done to ensure compliance; and 

• Dirty and clean water will be separated by implementing clean and dirty water 
systems/structures to prevent pollution of clean water runoff or the existing dirty and clean 
water systems will be maintained. The clean and dirty water systems and structures will be 
properly designed. 
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 Contamination of groundwater due to 
spillages of hazardous materials. 

• All spillages to be cleaned up immediately. Contaminated soil will be removed and disposed 
of as per hazardous waste management procedures.  

 

Increased artificial recharge due to 
surface water spills, unlined surface 
water containment facilities and 
drainage from product beds and 
stockpiles. 

• Construct shallow dewatering boreholes in areas where groundwater mounding could cause 
problems.  

• Ensure that boreholes are actively pumped and monitored according to IWUL requirements 

 Contamination of surrounding area due 
to unlined contaminant sources 

• Continuous monitoring of areas of concern. 

• Implement hydraulically control flow towards the pit to prevent off-site migration. 

WATER AND SALT BALANCE 

 Impacts on water management due to an 
inaccurate water balance 

• The Water Balance will be re-run and amended if any changes to the mine plan and pit 
sizes occur; and 

• Provision will be made for water treatment from 2020, should it prove necessary. 

 Impacts on water quality due to an 
inaccurate salt balance 

• Future data collection measuring devices will be calibrated or verified according to the 
IWUL requirements; and 

• Measuring device readings will be checked for inconsistencies to enable predictive modelling 
to be accurate. 

 Knowledge gaps during compilation of 
the Water and Salt Balance – Monitoring  

• Improve the available data for input into the Water and Salt balance by monitoring the 
following parameters: 
Active slimes dam return: 
o Return from the tailings dam will be recorded at the concrete dam. 

Pit dewatering: 
o Monitor dewatering and Pit Storage Dam level; and 
o Survey of the Pit Storage Dam to understand the relate levels of water to volumes of 

water. 
Water Levels: 
o Water levels at Bosbok Dam, Pit Sump, Pit storage dam will be monitored in order to 

understand the variation of storage and to obtain better calibration. 
General: 
o Monitoring devices will be calibrated and readings should be checked for 

inconsistencies; and 
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o Monitoring network will be audited to ensure accuracy of measurements. 

 Knowledge gaps in during compilation of 
the Water and Salt Balance - Input data 

• Improve the available data for input into the Water and Salt balance by gathering the 
following input data: 
Groundwater: 
o The model will be re-run when groundwater influx into the pit have been estimated; 

and 
o Better knowledge of the pit inflows through monitoring of the pit storage will help to 

understand the contribution of groundwater versus surface water runoff. 
Production Plan / Rehabilitation Plan: 
o The production plan and rehabilitation plan will be finalised; 
o The model will be re-run when these plans have been completed. 

AIR QUALITY 

 Impact on ambient air quality as a result 
of mining operations 

• A full professional level meteorological station with an accuracy of 1 – 2% will be installed 
on site as the use of site specific meteorological data is crucial in the analysis and 
interpretation of air quality monitoring data; 

• Conduct PM2.5 monitoring on-site; 

• Conduct the Atmospheric Emissions Licensing (AEL) process to convert the current APPA 
licence to the new required AEL; 

• Future emissions monitoring will include the pollutant parameter of H2S and Phenol; 

• Emissions monitoring will be undertaken on a continuous basis as the Reductants Plant is a 
key source of hazardous air pollutants; 

• The stack ports will be cleaned prior to the monitoring period as any accumulation of 
material within the port not only restricts access into the port, but can damage the 
emissions monitoring equipment; 

• To ensure that the emission concentrations fall within the emission limit values as required 
by the relevant Air Quality License issue to Reductants the following issues will be 
addressed: 
o An analysis of the chemical composition of the fuel gas will be conducted to 

determine what chemicals are present and their concentrations; 
o A chemical composition analysis of the fuel will be undertaken in order to understand 

the type of emissions and concentrations of the emissions that may be expected when 
the fuel is combusted; and 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 196 

Aspect Impact  Mitigation Measures 

o Once the above is understood, Exxaro will look and implement methods to reduce the 
emission levels and concentrations from the plant. 

• Volumetric flow of gas for both the boilers and destructors need to be available prior to all 
monitoring campaigns as this information is critical to the assessment of the plants 
efficiency; and 

• The type and volumes of fuel used in the boilers must be within boiler design 
specifications. Using incorrect boiler fuels and operating the boilers out of their design 
specifications, can lead to significant emission concentrations resulting in a significant 
environmental impact. 

 Impact on ambient air quality as a result 
of operational activities 

• The rigorous enforcement of speed control on all roads within the construction areas. A 
maximum speed of 40 km/h will be set on all unpaved roads and 60 km/h on paved / tarred 
roads. The Mines speed limits will be controlled and should it be seen necessary the 
speeding limit will be reduced accordingly.   

• The use of traffic calming measures such as “speed humps” may also be instituted; and 
o Wet suppression or chemical stabilization of the unpaved roads; 
o Load covering with tarpaulins to reduce fugitive dust generation; 
o All vehicles and other equipment will be maintained and serviced regularly to ensure 

that particulate emissions are kept to a minimum; 
o Reduction in unnecessary traffic volumes; and 
o Avoidance of dust track-on onto neighbouring paved roads.  

• Materials handling control measures such as: 
o Wet suppression; 
o Reduced materials handling through process alterations; 
o Drop height reduction; and  
o Introduction of wind breaks or sheltering. 

• Erosion control measures for exposed areas such as: 
o Wet suppression;  
o Introduction of wind breaks or sheltering; and 
o Progressive re-vegetation of exposed and or disturbed areas. 

• Vehicle emissions reduction measures, including: 
o Use of low sulphur fuels; 
o Alternative fuels; 

• Improved driver training on appropriate driving techniques to reduce fuel consumption; 
o Replace old vehicles with new. 
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• Regular vehicle maintenance; 

• The employees will be required to take appropriate measures to minimize the generation of 
dust as a result of their work, operations or activities. Such measures will include regular 
and effective treatment of gravel access roads and working areas; 

• Dust suppression will be practiced especially, during windy conditions; 

• The use of water sprays for dust suppression will be included in potential mitigating 
measures, especially during the dry season. 

• Dust suppression will be done with water hoses in inaccessible areas where vehicular traffic 
is impossible; and 

• Abstracted ground water could be used for dust suppression purposes. 

 Impact on air quality as a result of 
emissions from vehicles. 

• Vehicles and equipment will undergo regular inspection in order to ensure that they area in 
good working order and thus prevent excessive emissions of noise or fumes. 

NOISE AND VIBRATION 

 Impacts due to major plant operation  

• The design of all new major plants for the mine is to incorporate all the necessary acoustic 
design aspects required in order that the overall generated noise level from the new 
installation does not exceed a maximum equivalent continuous day/night rating level 
(LRdn), namely a noise level of 70dBA as specified for industrial districts in SANS10103.  
Investigate where changes can be made to existing plant to include the acoustic design 
aspects so as to decrease noise generation. 

• New design will also take into account the maximum allowable equivalent continuous day 
and night levels of the land use type of potentially impacted sites outside the Grootegeluk 
Coal Mine property: 
o Where noise levels at such an external site is presently lower that the maximum 

allowed, the maximum shall not be exceeded; 
o Where noise levels at the external sites is presently at or exceeds the maximum, the 

existing levels shall not be increased by more than indicated as acceptable in SANS 
10103. 

• The latest technology incorporating maximum noise mitigation measures for components of 
the complex will be designed into the system. Ideally, plant and equipment should meet 
the following specifications: 
o The sound power level (LW) should be such that the sound pressure level (SPL – i.e. 

the noise level) measured at 1 metre from the surface of the given plant/equipment 
should not exceed 85dBA. 
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• When ordering plant and machinery, manufacturers should be requested to provide details 
of the sound power level. Where possible, those with the lowest sound power level (most 
quiet) should be selected; 

• The design process will consider, inter alia, the following aspects: 
o The position and orientation of buildings and plant on site; 
o The design of the buildings to minimise the transmission of noise from the inside to 

the outdoors. 
o The insulation of particularly noisy plant and equipment. 

• Stockpiles of spoil rock and overburden (berms) from the opencast pit excavations will, 
where possible, be used as interim or long-term noise attenuation barriers; and 

• All plant, equipment and vehicles will be kept in good repair. 

Impacts due to mine activities 

• Where possible, very noisy activities will not take place at night, between the hours of 
20:00 and 06:00; 

• Specifically, blasting will take place to a regular programme and will be restricted to the 
period between 08:00 and 16:00; and 

• Loading of the trains at the rapid load-out facility will be restricted to the period between 
06:00 and 20:00. 

Vibration Impacts due to blasting • Continue with continuous vibration monitoring.  
 

TRAFFIC 

 

Increased inconvenience and danger to 
the users of the internal mine roads as a 
result of increased traffic during the 
operational phase 

• All contractors/employees will at all times obey the rules of the road. No speeding will be 
allowed; 

• All contractors/employees will at all times use roadworthy vehicles; 

• No access roads are to be constructed without prior approval from the ECO / Relevant 
Environmental Practitioner and landowners; and 

• Access roads need to be dust free. 

 
Impact on local roads and neighbouring 
communities due to an increase of traffic 
as a result of mining activities 

• Campaign to promote traffic safety awareness and a culture of adherence to speed limits 
amongst employees and contractors. 

 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 199 

Aspect Impact  Mitigation Measures 

POLLUTION PREVENTION, MITIGATION AND REMEDIATION 

 Impacts due to lack of emergency 
preparedness and response.  

• Develop emergency plan to deal with any event of contamination, pollution or spillages, 
particularly in riparian areas. 

• Potential contamination, pollution and spillages must be prevented by: 
o Identification of potential pollution sources; 
o  Compilation of procedures and work instructions to ensure the correct handling, 

storage and disposal of pollution sources; and 
o Frequent training of relevant personnel working with potential pollution sources.   

• The significance of potential pollution / contamination will be determined by considering 
the likelihood of the event occurring as well as the consequence of such an event.  

• Once the significance is determined, appropriate preventative measures will be instituted.   

• Existing suspected sources of pollution will be identified and listed; 

• The significance / risk determination will be done to prioritise the existing suspected 
sources by means of: 
o Site sampling and assessment; 
o Laboratory tests; 
o Analysis of the results; 
o Re-assess risk profile (Quantify); and 
o Design/select rehabilitation plans. Design strategies to rehabilitate this resource, 

design/select rehabilitation plan and prevent further migration of pollutants from 
these areas. 

• Determine the extent and degree of pollution; 

• Implement preventive control measures and systems to prevent future occurrence of 
pollution; and 

• Post remediation monitoring and measuring will take place. A post-remediation monitoring 
system will be implemented and reviewed on an annual basis. 
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• Hazardous chemical storage should be done in an area that is bunded to collect 110% the 
volume of the storage facility; 

• If a spillage occurs the incident will be reported and the spillage will be cleaned 
immediately and the contaminated area will be rehabilitated, appropriate; 

• A rapid response team should be available on 24-hour notice to deal with hazardous 
spillages; and 

• All vehicles and equipment will be serviced regularly and will be kept in good working order 
within designated areas to prevent soil contamination. 

 Impacts due to operational activities. 

• Spillage of coal from the conveyor will be removed and disposed of and the affected area 
appropriately cleaned; 

• All chemicals, including fuel and grease will be stored in a safe and secure area in sealed 
containers on an impenetrable area or floor, with provision for trapping spillage; 

• Proper storage facilities will be provided for the storage of chemicals and any hazardous 
materials to be used during operation; 

• These storage facilities (including any containers) will be stored on an impermeable 
surface, in order to ensure that accidental spillage does not pollute soil or water resources; 

• An inventory of all chemicals and other substances must be kept on site, along with a 
description of possible ill effects and treatment of health-related afflictions resulting from 
accidents, will be kept in the storage area as well as by the appropriate site manager. Such 
areas will be securely closed; 

• Workers will at all times be made aware of the health risks associated with the use of all 
chemicals (e.g. smoking near storage areas), and should be provided with appropriate 
protective clothing or equipment in case of spillages or accidents; 

• Cement and other potential environmental pollutants should be stored and mixed on an 
impermeable substratum. There should be no opportunity for environmental 
contamination; 

• All hazardous waste will be disposed of at a registered waste disposal facility and by 
licensed personnel; 

• Material Safety Data Sheets will be updated regularly and be available on-site; 

• Oils, greases and diesel will be stored in the prescribed manner and within bunded areas to 
prevent soil contamination; 
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HAZARDOUS CHEMICAL SUBSTANCES AND EQUIPMENT 

 Impacts due to spillages and accidents 
related to hazardous materials 

• Any hazardous substance (including oils, greases and diesel) will be stored in the prescribed 
manner, away from any areas susceptible to pollution (e.g. water bodies) and within 
bunded areas to prevent groundwater seepage; 

• Hazardous waste handling and spill response training shall be included for staff and 
contractors as part of site induction; 

• Should any chemicals be spilled onto the soils the correct spillage procedures will be 
followed to clean it up; 

• The extent of soil contamination will be determined and polluted soil shall be rehabilitated 
to the satisfaction of the ECO/Relevant Environmental Practitioner by removing the 
contaminated soil and disposing of it in an appropriate manner at a registered dumpsite. 
The scarred area will be re-vegetated if appropriate; 

• All machinery will be maintained in a good working order so as to prevent soil or water 
pollution from oil, fuel or chemical leaks; 

• Preventative measures will be implemented such as: 
o Bunded areas for hazardous chemicals; 
o Good housekeeping; and 

• Monitoring of organic contaminants as an early warning system will be conducted at the 
Reductants plant; 

• Routine servicing and maintenance of mine vehicles will only take place at the relevant 
workshops and service bays across the mine. Where services and refuelling does take place 
in the pit areas where equipment cannot be moved, the relevant procedures and drip trays 
will be used to prevent spillages;   

• Routine servicing and maintenance of contractor vehicles and machinery will not take place 
on site, unless this forms part of the contract agreement and the contractor has a designed 
service bay on site, or make use of the mines facilities (except for emergency situations or 
large cranes which cannot be moved off-site).  If repairs of vehicles must take place 
outside of designated areas, an appropriate drip tray will be used to contain any fuel or 
oils; 

• Workshop areas shall be monitored for oil and fuel spills and such spills shall be cleaned 
and remediated to the satisfaction of the environmental practitioner or specialist. The 
section / area shall be in possession of an emergency spill kit that must be complete and 
available at all times; 
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• All fuels will be stored within a bunded area and on a sealed surface;  

• Any storage tanks containing hazardous materials will be placed in bunded containment 
areas with sealed surfaces. The bund walls will be high enough to contain 110% of the 
volume of the largest container; 

• Corrective action will be undertaken immediately if a complaint is made, or 
potential/actual leak or spill of polluting substance identified. This includes stopping the 
contaminant from further escaping, cleaning up the affected environment as much as 
practically possible and implementing preventive measures; 

• Spill response procedures must include removal/ disposal of potentially contaminated 
water and soil; 

• Any contaminated/polluted soil removed from the site must be disposed of at a licensed 
hazardous waste disposal facility; 

• Oily water from bunds at the substation shall be removed from site by licensed contractors; 

• Any storage and disposal permits/approvals which may be required shall be obtained, and 
the conditions attached to such permits and approvals shall be compiled with; 

• Transport of all hazardous substances shall be in accordance with the relevant legislation 
and regulations; and 

• All operational equipment and materials shall be stored within designated equipment 
areas. 

WASTE MANAGEMENT 

 Impacts due to handling of waste during 
operational activities.  

• Specific areas shall be designated on-site for the temporary management of various waste 
streams, i.e., general refuse, industrial waste, and contaminated waste. Location of such 
areas must seek to minimise the potential for impact on the surrounding environment, 
including prevention of contaminated runoff, seepage and vermin control; 

• Hazardous and non-hazardous waste shall be separated at source. Separate waste 
collection bins must be provided for this purpose. These bins must be clearly marked and 
appropriately covered; 

• All domestic waste collected and all solid waste that cannot be reclaimed or resold shall be 
disposed of at a registered waste disposal site. A certificate of disposal shall be obtained 
and kept on file. The disposal of waste shall be in accordance with all relevant legislation. 
Under no circumstances may solid waste be burnt on site; 
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• Documentation (waste manifest) shall be maintained detailing the quantity, nature and 
fate of any regulated waste; 

• Disposal of waste will be in accordance with relevant legislative requirements, including 
the use of licensed contractors; 

• Proper waste management measures (including recycling) will be implemented. Waste 
generated on site will be classified and disposed of accordingly; 

• The disposal of solid and liquid waste associated with operational or any other activities 
will be controlled. No illegal dumping or disposal will be allowed to take place; 

• All hazardous waste will be disposed of at a registered waste disposal facility and by 
licensed contractors; 

• All domestic waste generated on the site will be contained in animal proof skips or 
containers and later disposed of in a proper manner off site at a registered waste site; and 

• In general, littering, discarding or burying of any waste materials shall not be allowed on 
site. 

FIRE PREVENTION STRATEGIES 

 Impacts due to spontaneous combustion 
at Discard dumps 

• Measures will be put in place to control / prevent spontaneous combustion. This can be 
achieved by: 
o Temporary covering of discard dumps with red sand as soon as practically possible. 

When these areas reach their final height, they will be compacted and covered with a 
suitable top layer. 

o When backfilled into the pit, small compartments will be constructed with inert 
material, the combustible material will then be placed in the compartments and 
sealed. 

• A plan for backfilling of the pit will be compiled in line with the mine plan. This will take 
into consideration that the interburden material needs to be compacted and sealed in such 
a manner as to avoid spontaneous combustion; 

• Investigate monitoring systems to measure the temperature inside the reactive material. 
Infra-red heat monitoring is being used and should be continued until a more accurate 
method is identified; 

 Impacts due to uncontrolled fires.  • A fire action plan must be in place and all fire fighting equipment must be well maintained; 

• No fires will be permitted on site; 
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• Prevent open fires, provide demarcated fire-safe zones, facilities and fire control 
measures; 

• The emergency procedure will be reviewed where necessary to cater for veld fires; 

• All contractors and employees will be informed of the fire fighting strategy; 

• Smoking is prohibited in the vicinity of flammable substances; 

• Fire-fighting equipment must be available on site, in particular where flammable 
substances are being stored or used; 

• Any welding or other sources of heating of materials will be undertaken in a controlled 
environment wherever possible and under appropriate supervision, in such a manner as to 
minimise the risk of veld fires and/or injury to staff; and 

• All buildings are provided with fire extinguishers and each building with a thatched roof is 
also provided with a lightning conductor. 

VISUAL ASPECTS 

 Visual impacts as a result of operational 
activities.  

• No brightly coloured paints should be used unless required for safety reasons; 

• Dust suppression methods, such as water spraying, will be applied where necessary; 

• White or light coloured surfaces should be avoided and tans or muted colours used 
wherever possible; 

• Appropriate indigenous species that require little maintenance and water will be planted 
along the main entrance road and at the parking area; 

• Landscaping will be done at the entrances of all frequently used buildings; and 

• The entrance area will be kept as clean and orderly as possible at all times and storage areas 
and the like will be screened from view where possible. 

SENSITIVE LANDSCAPES / SITE OF HISTORICAL AND CULTURAL IMPORTANCE 

 
Destruction and damage to sensitive 
landscapes and cultural historical sites 
due to operational activities. 

• The location of the sites presented Figure 4-26, will be added to an overall mine 
development plan in order to avoid these sites in future and implement the proposed 
mitigation measures; 

• If development is to take place on or near a site, the recommendations within Appendix 2 
of the Heritage Impact Report (Appendix J) will be implemented; 
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• The old mine headgear situated on the farm Groothoek 540 LQ will be inspected on an 
annual basis, and the area will be cleaned; 

• Nelsonskop is a site of high significance and the following mitigation measures will be put in 
place: 
o A 250 m buffer zone will be created around the base of the hill and the hill will be 

declared a no-go area for development; 
o Visitors will be informed of the sensitivity of the site and are not allowed to visit the 

site unsupervised; 
o Regular site inspections will be conducted; 
o The site will be kept clear of litter; 
o No fires or picnics are allowed in or near the shelter; 
o The current status of the site was documented and will serve as baseline information 

on the status of the site. 

• Cemeteries: 
o These sites will be avoided; 
o If they cannot be avoided, relocation of the graves will be pursued. 

• The locations of sensitive areas as indicated in Figure 4-5 needs to be considered in the 
mine plan.  However when these areas fall directly in the path of the pit, more detailed 
studies need be done to verify the sensitivity of the areas identified through the ecological 
scanning process.  According to these findings, relevant authorization will be applied for to 
ensure that mining can continue in these areas. 

 Accidental uncovering of unknown sites 

• Must be immediately reported to a museum, preferably one which an archaeologist is 
available. 

• An archaeologist will be contacted in order to:  
o Investigate and evaluate the occurrence; and  
o To make suggestions with regard to suitable mitigation measures. 

SOCIO-ECONOMIC 

 Impacts on local communities as a result 
of the mining activities 

• An open, transparent and consultative process will be followed with Interested and 
Affected Parties; 

• Annual open public meetings will be held with I&APs to discuss and identify their 
environmental issues of concern; 
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• Upon closure, measures will be taken to safeguard the safety and health of humans and 
animals against hazards resulting from mining operations; 

• Residual impacts will be identified and management strategies will be put in place to 
ensure that these impacts will be adequately dealt with. Environmental damage or residual 
environmental impacts will be minimized through a public involvement programme 
designed to arrive at measures that are acceptable to all involved parties. The purpose of 
the EMPR will also be avoid foreseeable residual impacts that will be inherited by parties 
acquiring such land; 

• Access to the Grootegeluk Coal Mine will be restricted to employees of contractors; 

• The contractors will ensure that labourers remain within the demarcated site; 

• All staff will be educated as to the need to refrain from destruction of animals and plants, 
as well as from indiscriminate defecation and urination, waste disposal and/or pollution of 
soil and water resources; and 

• Staff will be informed that access to adjacent/private properties is strictly prohibited, and 
that it will be deemed a serious offence if any person is found trespassing. 

• Complaints received from the community must be registered and recorded in the 
appropriate complaints register. The complaints must be brought to under the attention of 
the Environmental Practitioners / Environmental Specialists, who will respond accordingly. 
The following information must be recorded: 
o Time, date and nature of complaint; 
o Response and investigation undertaken; and 
o Actions taken and by whom. 

• All incidents occurring at the site must be recorded in the appropriate Environmental 
Incidents Register. The complaints must be brought to under the attention of the 
Environmental Practitioners / Environmental Specialists, who will respond accordingly. The 
following information must be recorded: 
o Time, date and name of person who reported incident; 
o Description of the Incident; 
o Description of the mitigation; 
o Name of person responsible for managing the incident; and 
o Details of the incident closure. 

 Impacts on neighbouring communities 
due to the influx of foreign workers 

• Training programmes to improve local skills base and improved employability of local 
workforce; 

• Implement awareness campaigns amongst employees, contractors and local community; 
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• As far as possible, labour will be sourced from the local, nearby settlements and in 
accordance with the Social and Labour Plan; 

• No recruitment will be allowed on-site; 

• The mine will implement and comply with all commitments within the Social and Labour 
Plan; and 

• All complaints must be investigated and a formal response is to be given within seven (7) 
days of receipt. 

 Social investment – expenditure on social 
projects and initiatives will be expanded 

• Consult with local community structures and Municipality on annual basis to align projects 
with community needs. 

 

 

Table 6-3: Environmental Management Plan for the Decommissioning Phase 

Aspect Impact  Mitigation Measures 

GEOLOGY 

 Loss of Geology in the open pit area. No mitigation possible. 

 Change of structure of the 
geomorphology in the open pit area.  No mitigation possible. 

CLIMATE 

 Insignificant impact due to mining 
activities No mitigation required. 

TOPOGRAPHY 

 
Permanent alteration of the local 
topography due to the decommissioning 
of the Discard Dumps 

• The impact on topography will continue beyond closure of the mine and must be considered 
with the final rehabilitation designs in order to shape them to blend in with the surrounding 
area; 

• The rehabilitation strategy will be designed to meet all regulatory requirements associated 
with closure of a coal discard dump; and 

• If soil erosion is noted, appropriate remediation measures will be implemented.  
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Loss of topographical features due to the 
decommissioning of the Beneficiation 
Plants, Offices, Workshops, Roads and 
Power Lines. 

Beneficiation Plants: 

• The infrastructure will either revert to the land user or be demolished and removed during 
the closure phase; and 

• An EMP, documenting the detailed decommissioning and closure of the Beneficiation Plants, 
will be developed and finalized 10 to 5 years prior to closure of the mine. 

Office and workshop buildings: 

• Where possible some of the office and workshop buildings will be included in the 
sustainable social and economic development plan of the region by the end of the mine; 
and 

• An EMP, documenting the detailed decommissioning and closure of the Offices and 
Workshop buildings, will be developed and finalized 10 to 5 years prior to closure of the 
mine. 

Roads and power lines: 

• Roads and power lines will be maintained during the decommissioning and closure phase of 
the mine; and 

• An EMP, documenting the detailed decommissioning and closure of the roads and power 
lines, will be developed and finalized 10 to 5 years prior to closure of the mine. 

SOILS 

 Loss of topsoil during decommissioning 
activities 

• All vehicles and decommissioning machinery will be kept in good working order and 
inspected on a regular basis for possible leaks and will be repaired as soon as possible, 
when required; in order to prevent and limit impacts on hydrocarbon pollution of soils; 

• Repairs will be carried out in a dedicated repair area only, unless in-situ repair is necessary 
as a result of breakdown; in order to prevent and limit impacts on hydrocarbon pollution of 
soils; 

• Drip trays will at all times be placed under leaking vehicles or plants that are stationary 
and not standing in a bunded area for more than 8 hours or that require in-situ repairs; in 
order to prevent and limit impacts on hydrocarbon pollution of soils; 

• Drip trays will be emptied into designated containers only and the contents provided to oil 
recyclers or disposed of at a licensed hazardous waste disposal facility; 

• Accidental spills will be reported immediately so that effective remediation and clean-up 
strategies and procedures can be implemented to clean contaminated soils; 
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• In the event that spillage of contaminants or contaminated soil occurs on bare soil, the 
contaminated soil will be collected and treated at a pre-determined and dedicated 
location, or will be treated in situ using bioremediation. If required, all contaminated soil 
and all spilt materials / substances will be disposed of at a licensed hazardous material 
disposal facility;  

• All erosion damage that may occur during and as a result of decommissioning and 
rehabilitation activities will be repaired immediately in such a manner that further rill and 
possible gully formation is prevented; and 

• Any erosion channels which develop during decommissioning will be suitably backfilled 
compacted and restored to a proper condition. 

 Loss of topsoil due to erosion  

• Areas devoid of vegetation or where soil erosion has taken place will be re-vegetated as 
soon as possible; 

• Within the plant areas where feasible the construction of self-contained bunded areas will 
be considered, for the collection of spillage in order to limit any impact on the soil. Any 
spillage will either be recycled or transferred to be treated to environmentally acceptable 
standards; 

• Storm water control measures, in line with Best Practice, will be provided in order to 
prevent soil erosion. These measures will be maintained on a regular basis; and 

• Sustainable erosion control measures (for wind and water erosion) will be implemented and 
maintained where necessary in areas disturbed by the decommissioning other activities. 

 Contamination of soil during 
decommissioning and closure activities.  

• All coal contaminated soil will be removed from the footprint. Contaminated soil is to be 
disposed with the last plant discard; 

• Any soil contaminated during decommissioning will be dealt with in terms of the relevant 
Grootegeluk Coal Mine Procedures; 

• All spills of chemicals or hydrocarbons (oil, diesel, grease, petrol, paraffin) will be cleaned 
with the use of suitable absorbent materials such as Drizit or Oclanzorb. Appropriate soil 
remediation measures will be implemented where soil has been contaminated; and 

• Servicing of vehicles will only be done in designated workshop areas. 

LAND USE / LAND CAPABILITIES 

  • A detailed closure plan, including a final land use plan, will be compiled in accordance with 
legal requirements.  
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Loss of land use and land capability due 
to decommissioning and closure 
activities. 

• As far as practicable, the land will be rehabilitated to its natural state or to a 
predetermined and agreed standard of land use, which conforms to the concept of 
sustainable development. The most probable final land use will be for game farming / 
wilderness 

PLANT LIFE (FLORA) 

 Loss of flora due to decommissioning and 
closure activities.  

• Utilise existing access roads as far as possible; 

• The Exxaro Coal (Pty) Ltd “Protection of trees” policy as well as the Vegetation 
Management Standard Practice Instruction will be adhered to;  

• The presence of any rare or protected flora species will be continually monitored. If any 
rare or protected species are observed, they will be recorded, reported and relocated or 
destroyed under the correct permit; 

• Any remaining vegetative material removed during a project shall be stockpiled for later 
redistribution over the reinstated top-soil surface; 

• All contractors and employees will be made aware of the restrictions on collecting / 
harvesting fauna and flora from the veld for consumption / medicinal purposes; 

• As far as practical, limit construction, maintenance and inspection activities to dry periods 
in order to curb occurrence/ augmentation of erosion in areas of existing erosion, 
destabilizing of substrate in wetlands/ riparian zones; 

• Rehabilitation of the affected areas will be based on the process of ecological succession 
and the introduction of suitable pioneer as well as climax species will be done; 

• Ongoing post-closure monitoring and maintenance of all rehabilitated areas will be 
conducted to ensure that optimal habitat re-establishment is achieved;  

• Implement the environmental monitoring programme, the aim of which should be 
preventing decommissioning and closure related impacts, ensuring long-term success of 
rehabilitation and prevention of environmental degradation; and 

• Development of a Biodiversity Action plan (BAP). 

 
Establishment of Alien and Invader 
species due to the removal of indigenous 
vegetation. 

• Soil stockpiles will be kept free of alien/undesirable vegetation; 

• Remove invasive and alien vegetation, particularly in vicinity of transformed areas where 
alien and invasive trees are known to occur; 

• An alien/invasive vegetation management control plan will be developed and implemented 
to prevent the established and spread of invasive plants: 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 211 

Aspect Impact  Mitigation Measures 

o Regular site inspections will be conducted to identify any declared weeds and/or 
invader plants. If identified, the plants will be eradicated using appropriate methods; 

o Establish an on-going monitoring programme to detect and quantify any alien species 
that may become established and identify the problem species (as per the 
Conservation of Agricultural Resources Act, Act 43 of 1983). Compilation of a Declared 
Category 1, 2 & 3 management plan and monitoring programme will be compiled and 
implemented. 

• Immediately control any alien plants that become established using registered control 
methods; and 

• During a project, the disturbed areas will be monitored and maintained to contain and 
prevent alien and invasive plants from spreading in the area. A quarterly inspection by the 
ECO/Relevant Environmental Practitioner will be executed in this regard. 

ANIMAL LIFE (FAUNA) 

 
Loss of habitat / habitat fragmentation 
due to decommissioning and closure 
activities. 

• Develop a BAP; 

• The presence of any rare or protected fauna species will be continually monitored. If any 
rare or protected species are observed, they will be recorded, reported and relocated 
under the correct permit. Particular monitoring will be undertaken for the possible 
presence of the Giant Bullfrog; 

• All contractors and employees will be made aware of the restrictions on collecting / 
harvesting fauna and flora from the veld for consumption / medicinal purposes; 

• Contractors and staff will be prohibited to chase, catch or kill any animals found or 
encountered during the decommissioning phase; 

• Rehabilitation of disturbed areas will take place as soon as possible in order to restore the 
lost habitats; and 

• Monitoring of rehabilitated areas will take place to monitor the success rate of restoring 
habitats. 

 Impact on fauna due to fauna-human 
interactions.  

• A low speed limit (40 km/h) will be enforced on site to reduce wildlife-vehicle collisions; 
and 

• The destruction, harvesting, handling, poisoning and killing of on-site fauna and flora will be 
strictly prohibited. 
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SURFACE WATER 

 

Impact on surface water as a result of 
hazardous materials, contamination, 
unnecessary crossing by vehicles or 
personnel, extraction, drinking or other 
human uses, decommissioning activities.  

• Comply with Grootegeluk Coal Mine Procedures for Water Use Management Regional 
Standard (RS.WB.H03.100), the current water licence and Grootegeluk Coal Mine IWULA 
application; 

• Construct berms / trenches to separate clean and dirty water as per the recommendations 
of the Storm water management plan compiled by Golder (2012) (Section 7.2) and the 
updated Stormwater Regional Master Plan compiled by Delta (2015); and 

• Post closure storm water designs will also be considered as part of the larger closure and 
rehabilitation plan. 

• If a hazardous substance spillage occurs the spillage will be cleaned immediately and the 
contaminated area will be rehabilitated, as appropriate. 

GROUNDWATER 

 
Contamination of groundwater as a result 
of decommissioning and closure 
activities.  

• Good housekeeping practices, dedicated bunded areas for hazardous chemicals and repair 
of vehicles will be implemented to minimize the impacts. Regular inspections will be done 
to ensure compliance; and 

• Dirty and clean water will be separated by implementing clean and dirty water 
systems/structures to prevent pollution of clean water runoff or the existing dirty and 
clean water systems will be maintained. The clean and dirty water systems and structures 
will be properly designed. 

 Contamination of groundwater due to 
spillages of hazardous materials. 

• All spillages to be cleaned up immediately. Contaminated soil will be removed and disposed 
of as per hazardous waste management procedures.  

 Contamination of surrounding area due 
to unlined contaminant sources • Continuous monitoring of areas of concern. 

AIR QUALITY 

 Impact on ambient air quality as a result 
of decommissioning activities 

• The rigorous enforcement of speed control on all roads within the construction areas. A 
maximum speed of 40 km/h will be set on all unpaved roads and 60 km/h on paved / tarred 
roads. The Mines speed limits will be controlled and should it be seen necessary the 
speeding limit will be reduced accordingly.  

• The use of traffic calming measures such as “speed humps” may also be instituted; and 
o Wet suppression or chemical stabilization of the unpaved roads; 
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o Load covering with tarpaulins to reduce fugitive dust generation; 
o All vehicles and other equipment will be maintained and serviced regularly to ensure 

that particulate emissions are kept to a minimum; 
o Reduction in unnecessary traffic volumes; and 
o Avoidance of dust track-on onto neighbouring paved roads.  

• Materials handling control measures such as: 
o Wet suppression; 
o Reduced materials handling through process alterations; 
o Drop height reduction; and  
o Introduction of wind breaks or sheltering. 

• Erosion control measures for exposed areas such as: 
o Wet suppression;  
o Introduction of wind breaks or sheltering; and 
o Progressive re-vegetation of exposed and or disturbed areas. 

• Vehicle emissions reduction measures, including: 
o Use of low sulphur fuels; 
o Alternative fuels; 
o Improved driver training on appropriate driving techniques to reduce fuel 

consumption; and 
o Replace old vehicles with new. 

• Regular vehicle maintenance; 

• The contractors / employees will be required to take appropriate measures to minimize the 
generation of dust as a result of their work, operations or activities. Such measures will 
include regular and effective treatment of gravel access roads and working areas; 

• Dust suppression will be practiced especially, during windy conditions; 

• The use of water sprays for dust suppression will be included in potential mitigating 
measures, especially during the dry season; 

• Dust suppression will be done with water hoses in inaccessible areas where vehicular traffic 
is impossible; and 

• Abstracted ground water could be used for dust suppression purposes. 

 Impact on air quality as a result of 
emissions from vehicles. 

• Vehicles and equipment will undergo regular inspection in order to ensure that they area in 
good working order and thus prevent excessive emissions of noise or fumes. 
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NOISE AND VIBRATION 

 Impacts due to decommissioning and 
rehabilitation vehicles and equipment 

• Vehicles and equipment will be kept in good repair to minimise noise impact; 

• Noise emanating from machinery and equipment must be kept to a minimum, by the fitting 
of exhaust silencers and through the regular maintenance of decommissioning and 
rehabilitation vehicles. Where possible, decommissioning and rehabilitation activities will 
be restricted to daylight hours. 

• Where necessary, stationary noisy equipment e.g., compressors, pumps, pneumatic 
breakers, will be encapsulated in acoustic covers, screens or sheds. Portable acoustic 
shields may be used where noisy equipment is not stationary e.g., drills, angle grinders, 
chipping hammers, poker vibrators; and 

• Machines in intermittent use will be shut down in the intervening periods between work or 
throttled down to a minimum. 

 Impacts due to decommissioning and 
rehabilitation activities 

• Activities will be confined as far as possible to daylight hours; 

• Vehicles and equipment generating excessive noise will be fitted with appropriate noise 
abatement measures; 

• Noise levels will be monitored regularly at locations both on-site and off-site in order to 
determine the impact of activities; 

• All issues/complaints will be included within the existing EMS system; 

• Noise generating activities will be restricted to between 06h00 and 18h00 Monday to 
Friday, and 06h00-13h00 on Saturdays unless otherwise approved by the appropriate 
competent person in consultation with adjacent landowners or potentially affected 
persons; and 

• Noise emanating from Activities must not exceed the ambient noise level with more than 
7dBA or more when measured at the nearest dwelling. 

TRAFFIC 
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Increased inconvenience and danger to 
the users of the internal mine roads as a 
result of increased traffic during the 
Decommissioning phase 

• All contractors/employees will at all times obey the rules of the road. No speeding will be 
allowed; 

• All contractors/employees will at all times use roadworthy vehicles; 

• No access roads are to be constructed without prior approval from the ECO / Relevant 
Environmental Practitioner and landowners; and 

• Access roads need to be dust free. 

 
Impact on local roads and neighbouring 
communities due to an increase of traffic 
as a result of mining activities 

• Campaign to promote traffic safety awareness and a culture of adherence to speed limits 
amongst employees and contractors. 

POLLUTION PREVENTION, MITIGATION AND REMEDIATION 

 Impacts due to lack of emergency 
preparedness and response.  

• Develop emergency plan to deal with any event of contamination, pollution or spillages, 
particularly in riparian areas. 

• Potential contamination, pollution and spillages must be prevented by: 
o Identification of potential pollution sources; 
o Compilation of procedures and work instructions to ensure the correct handling, storage 

and disposal of pollution sources; and 
o Frequent training of relevant personnel working with potential pollution sources.   

• The significance of potential pollution / contamination will be determined by considering 
the likelihood of the event occurring as well as the consequence of such an event.  

• Once the significance is determined, appropriate preventative measures will be instituted.   

• Existing suspected sources of pollution will be identified and listed; 

• The significance / risk determination will be done to prioritise the existing suspected 
sources by means of: 

o Site sampling and assessment; 
o Laboratory tests; 
o Analysis of the results; 
o Re-assess risk profile (Quantify); and 
o Design/select rehabilitation plans. Design strategies to rehabilitate this resource, 

design/select rehabilitation plan and prevent further migration of pollutants from 
these areas. 
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• Determine the extent and degree of pollution; 

• Implement preventive control measures and systems to prevent future occurrence of 
pollution; and 

• Post remediation monitoring and measuring will take place. A post-remediation monitoring 
system will be implemented and reviewed on an annual basis. 

HAZARDOUS CHEMICAL SUBSTANCES AND EQUIPMENT 

 Impacts due to spillages and accidents 
related to hazardous materials 

• Oils, greases and diesel will be stored in the prescribed manner and within bunded areas to 
prevent soil contamination and groundwater seepage; 

• Should any chemicals be spilled onto the soils the ECO/Relevant Environmental Practitioner 
shall be informed immediately and the correct spillage procedures will be followed to clean 
it up; 

• The extent of soil contamination will be determined and polluted soil shall be rehabilitated 
to the satisfaction of the ECO/Relevant Environmental Practitioner by removing the 
contaminated soil and disposing of it in an appropriate manner at a registered dumpsite. 
The scarred area will be re-vegetated if appropriate; 

• All machinery will be maintained in a good working order so as to prevent soil or water 
pollution from oil, fuel or chemical leaks; 

• Preventative measures will be implemented such as: 
o Bunded areas for hazardous chemicals; 
o Good housekeeping; and 
o  Monitoring of organic contaminants as an early warning system. 

• All demolition equipment shall be stored within the formal decommissioning equipment 
camp; 

• Routine servicing and maintenance of vehicles will not take place on-site (except for 
emergency situations or large cranes which cannot be moved off-site). If repairs of vehicles 
must take place outside of designated areas, an appropriate drip tray will be used to 
contain any fuel or oils; 

• All fuels will be stored within a bunded area and on a sealed surface; 

• Only designated areas will be used for storage of demolition materials, soil stockpiles, 
machinery and other equipment; 
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• Any storage tanks containing hazardous materials will be placed in bunded containment 
areas with sealed surfaces. The bund walls will be high enough to contain 110% of the 
volume of the largest container; 

• Hazardous waste handling and spill response training shall be included for staff and 
contractors as part of site induction; 

• Corrective action will be undertaken immediately if a complaint is made, or 
potential/actual leak or spill of polluting substance identified. This includes stopping the 
contaminant from further escaping, cleaning up the affected environment as much as 
practically possible and implementing preventive measures; 

• Any contaminated/polluted soil removed from the site must be disposed of at a licensed 
hazardous waste disposal facility; 

• Oily water from bunds at the substation shall be removed from site by licensed contractors; 

• Any storage and disposal permits/approvals which may be required shall be obtained, and 
the conditions attached to such permits and approvals shall be compiled with; 

• Transport of all hazardous substances shall be in accordance with the relevant legislation 
and regulations; 

• All decommissioning equipment and materials shall be stored within designated equipment 
areas; 

• Any hazardous substances must be stored away from any areas susceptible to pollution (e.g. 
water bodies); 

• Workshop areas shall be monitored for oil and fuel spills and such spills shall be cleaned 
and remediated to the satisfaction of the environmental manager. The environmental 
manager shall be in possession of an emergency spill kit that must be complete and 
available at all times on site; 

• Spill response procedures must include removal/ disposal of potentially contaminated 
water and soil; 

• All chemicals, including fuel and grease will be stored in a safe and secure area in sealed 
containers on an impenetrable area or floor, with provision for trapping spillage; 

• Proper storage facilities will be provided for the storage of chemicals and any hazardous 
materials to be used; 

• These storage facilities (including any containers) will be stored on an impermeable 
surface, in order to ensure that accidental spillage does not pollute soil or water resources; 
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• An inventory of all chemicals and other substances must be kept on site, along with a 
description of possible ill effects and treatment of health-related afflictions resulting from 
accidents, will be kept in the storage area as well as by the appropriate site manager. Such 
areas will be securely closed; 

• Workers will at all times be made aware of the health risks associated with the use of all 
chemicals (e.g., smoking near storage areas), and should be provided with appropriate 
protective clothing or equipment in case of spillages or accidents; 

• Material Safety Data Sheets will be updated regularly and be available on-site; 

• If a spillage occurs the incident will be reported and the spillage will be cleaned 
immediately and the contaminated area will be rehabilitated, appropriate; 

• A rapid response team should be available on 24-hour notice to deal with hazardous 
spillages; and 

• All vehicles and equipment will be serviced regularly and will be kept in good working order 
within designated areas to prevent soil contamination. 

WASTE MANAGEMENT 

 Impacts due to handling of waste during 
decommissioning.  

• Specific areas shall be designated on-site for the temporary management of various waste 
streams, i.e., general refuse, industrial waste, and contaminated waste. Location of such 
areas must seek to minimise the potential for impact on the surrounding environment, 
including prevention of contaminated runoff, seepage and vermin control; 

• Hazardous and non-hazardous waste shall be separated at source. Separate waste 
collection bins must be provided for this purpose. These bins must be clearly marked and 
appropriately covered; 

• All domestic waste collected and all industrial waste that cannot be reclaimed or resold 
shall be disposed of at a registered waste disposal site. A certificate of disposal shall be 
obtained and kept on file. The disposal of waste shall be in accordance with all relevant 
legislation. Under no circumstances may solid waste be burnt on site; 

• Documentation (waste manifest) shall be maintained detailing the quantity, nature and 
fate of any regulated waste; 

• Disposal of waste will be in accordance with relevant legislative requirements, including 
the use of licensed contractors; 

• Proper waste management measures (including recycling) will be implemented. Waste 
generated on site will be classified and disposed of accordingly;  
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• The disposal of solid and liquid waste associated with decommissioning or any other 
activities will be controlled; No illegal dumping or disposal will be allowed to take place; 

• All hazardous waste will be disposed of at a registered waste disposal facility and by 
licenced contractors;  

• The industrial site will be cleared of all disposed material during the decommissioning 
phase of the mine. Soil sample analysis will be done on this area because potential 
pollution could contaminate the soils over the years. Depending on the results of the soil 
analysis actions will then be taken to neutralize the negative impact on the area; 

• During the decommissioning phase the waste disposal site will be closed as an integrated 
part of the closure and rehabilitation of Dump 6. The closure will be done according to the 
process and regulations prescribed in the appropriate NEMWA Norms and Standards; 

• All domestic waste generated on the site will be contained in animal proof skips or 
containers and later disposed of in a proper manner off site at a registered waste site. 

• All building rubble will be a) removed from site and disposed of at an appropriate 
registered dumping site, or b) temporarily stored in a clearly demarcated area on site for 
future use. The position of such a storage site must be approved by the site manager and 
the ECO/Relevant Environmental Practitioner; and 

• In general, littering, discarding or burying of any waste materials shall not be allowed on 
site. 

FIRE PREVENTION STRATEGIES 

 Impacts due to spontaneous combustion 
at Discard dumps 

• Measures will be put in place to control / prevent spontaneous combustion. This can be 
achieved by: 

o When these areas reach their final height, they will be compacted and covered with 
a suitable top layer; 

o When backfilled into the pit, small compartments will be constructed with inert 
material, the combustible material will then be placed in the compartments and 
sealed. 

• The plan for backfilling into the pit will be implemented in line with the mine plan. This 
takes into consideration the placement and sealing of  interburden and the placement of 
discard via the in pit conveyor system; and 

• A monitoring system will be implemented to measure the temperature inside the reactive 
material. Monitoring results will be recorded and analysed to assess the risk of potential 
combustion. 
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 Impact due to uncontrolled fires 

• A fire action plan must be in place and all fire fighting equipment must be well maintained; 

• No fires will be permitted on site; 

• Prevent open fires, provide demarcated fire-safe zones, facilities and fire control 
measures; 

• The emergency procedure will be reviewed where necessary to cater for veld fires; 

• All contractors and employees will be informed of the fire fighting strategy; 

• Smoking is prohibited in the vicinity of flammable substances; 

• Fire-fighting equipment must be available on site, in particular where flammable 
substances are being stored or used; 

• Any welding or other sources of heating of materials will be undertaken in a controlled 
environment wherever possible and under appropriate supervision, in such a manner as to 
minimise the risk of veld fires and/or injury to staff; 

• Open fires for heating and cooking shall only be permitted in protected areas designated by 
the ECO / Relevant Environmental Practitioner for this purpose; and 

• All buildings are provided with fire extinguishers and each building with a thatched roof is 
also provided with a lightning conductor. 

VISUAL ASPECTS 

 Visual impacts as a result of 
decommissioning activities.  

• The rehabilitation designs of the discard dumps, slurry dams and infrastructure will be 
shaped to blend with the environment; 

• No brightly coloured paints should be used unless required for safety reasons; 

• Dust suppression methods, such as water spraying, will be applied where necessary; 

• White or light coloured surfaces should be avoided and tans or muted colours used 
wherever possible; and 

• The entrance area will be kept as clean and orderly as possible at all times and storage areas 
and the like will be screened from view where possible. 

SENSITIVE LANDSCAPES / SITE OF HISTORICAL AND CULTURAL IMPORTANCE 

 
Destruction and damage to sensitive 
landscapes and cultural historical sites 
due to decommissioning activities. 

• If decommissioning is to take place on or near a site, the recommendations within Appendix 
2 of the Heritage Impact Report (Appendix J) will be implemented; 
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• The old mine headgear will be removed as part of the rehabilitation efforts on the farm 
Groothoek 540 LQ; 

• Offset plans for significant sensitive areas as identified in Figure 4-5 needs to be 
developed/updated and implemented; 

• Nelsonskop is a site of high significance and the following mitigation measures will be put in 
place: 
o A 250 m buffer zone will be created around the base of the hill and the hill will be 

declared a no-go area for development;  
o Visitors will be informed of the sensitivity of the site and are not allowed to visit the 

site unsupervised; 
o Regular site inspections will be conducted; 
o The site will be kept clear of litter; 
o No fires or picnics are allowed in or near the shelter; 
o The current status of the site was documented and will serve as baseline information 

on the status of the site. 

• Cemeteries: 
o These sites will be avoided; and 
o If they cannot be avoided, relocation of the graves will be pursued. 

 Accidental uncovering of unknown sites 

• Must be immediately reported to a museum, preferably one which an archaeologist is 
available; 

• An archaeologist will be contacted in order to:  
o Investigate and evaluate the occurrence; and  
o To make suggestions with regard to suitable mitigation measures. 

 Impacts on cultural and heritage sites 
due to decommissioning activities.  

• Familiarise all staff and contractors with procedures for dealing with heritage objects/sites 
if uncovered during decommissioning; 

• Project employees and any contract staff will maintain, at all times, a high level of 
awareness of the possibility of discovering heritage sites; and 

• If a heritage object is found, work in that area shall be stopped immediately, and 
appropriate specialists brought in to assess to site, notify the administering authority of the 
item/site, and undertake due/required processes. 
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SOCIO-ECONOMIC 

 Impacts on local communities as a result 
of the mining activities 

• Decommissioning activities will be confined as far as possible to daylight hours; 

• An open, transparent and consultative process will be followed with Interested and 
Affected Parties; 

• Annual open public meetings will be held with I&APs to discuss and identify their 
environmental issues of concern; 

• Upon closure, measures will be taken to safeguard the safety and health of humans and 
animals against hazards resulting from mining operations; 

• Residual impacts will be identified and management strategies will be put in place to 
ensure that these impacts will be adequately dealt with. Environmental damage or residual 
environmental impacts will be minimized through a public involvement programme 
designed to arrive at measures that are acceptable to all involved parties. The purpose of 
the EMPR will also be avoid foreseeable residual impacts that will be inherited by parties 
acquiring such land; 

• Access to the Grootegeluk Coal Mine will be restricted to employees of contractors during 
the decommissioning phase; 

• The contractors will ensure proper supervision of employees at all times; 

• All staff will be educated as to the need to refrain from destruction of animals and plants, 
as well as from indiscriminate defecation and urination, waste disposal and/or pollution of 
soil and water resources; 

• Staff will be informed that access to adjacent/private properties is strictly prohibited, and 
that it will be deemed a serious offence if any person is found trespassing; 

• Complaints received from the community must be registered and recorded in the 
appropriate complaints register. The complaints must be brought to under the attention of 
the Environmental Practitioners / Environmental Specialists, who will respond accordingly. 
The following information must be recorded: 
o Time, date and nature of complaint; 
o Response and investigation undertaken; and 
o Actions taken and by whom. 

• All incidents occurring at the site must be recorded in the appropriate Environmental 
Incidents Register. The complaints must be brought to the attention of the Environmental 
Practitioner / Specialist, who will respond accordingly. The following information must be 
recorded: 
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o Time, date and name of person who reported incident; 
o Description of the Incident; 
o Description of the mitigation; 
o Name of person responsible for managing the incident; and 
o Details of the incident closure. 

 Impacts on neighbouring communities 
due to the influx of foreign workers 

• Training programmes to improve local skills base and improved employability of local 
workforce; 

• Implement awareness campaigns amongst employees, contractors and local community; 

• As far as possible, labour will be sourced from the local, nearby settlements and in 
accordance with the Social and Labour Plan; 

• No recruitment will be allowed on-site; 

• The mine will implement and comply with all commitments within the Social and Labour 
Plan; 

• Where necessary, housing will be the responsibility of the contractors 

• All complaints must be investigated and a formal response is to be given within seven (7) 
days of receipt; 

 Social investment – expenditure on social 
projects and initiatives will be expanded 

• Consult with local community structures and Municipality on annual basis to align projects 
with community needs. 

 

 

7 OPERATIONAL MANAGEMENT 

7.1 MONITORING 

The monitoring and reporting period for the various environmental aspects discussed in the EMPR are indicated in Table 7-1 together with the 

responsible government department to whom the reports are submitted (if applicable). 

Table 7-1: Grootegeluk Coal Mine Monitoring Schedule 
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Topography 

Continuous rehabilitation  On-going Ad hoc / On Request DMRE 

Soil 

Correct stripping and storage of 
topsoil  

During construction and operational phase 
activities (as appropriate) Ad hoc / On Request DMRE 

Land Capability  

Continuous rehabilitation  On-going (when commenced) Ad hoc / On Request DMRE 

Natural Vegetation  

Presence of invasive vegetation  On-going Ad hoc / On Request DMRE / LDEDET 

Removal of invasive vegetation  Annual Ad hoc / On Request DMRE / LDEDET 

Animal Life  

Biomonitoring  Annually (linked to seasonal pans)  Annually DWS 

Monitoring of Giant Bullfrog To be implemented if Giant Bullfrog 
populations are identified.  Ad hoc / On Request DMRE / LDEDET / DWS 

Surface Water Quality & Quantity  

Surface water Quality  Monthly Quarterly  DWS 

Water levels of PCD Continuous  Ad hoc / On Request DWS 

GG SWWTP (inflow) Monthly (flow meter) Ad hoc / On Request DWS 

Groundwater Quality and Quantity  

Groundwater quality  Bi-annually  Bi-annually  DWS 

Static water level  Bi-annually  Annually  DWS 

Air Quality  

Dust fallout Monthly Bi-annually DMRE 

Reductant Stacks (SOx, CO2, NOx) Quarterly (when in operation) Quarterly (when in operation) Waterberg District 
Municipality 
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S02, PM2.5 & PM10 Continuous (ambient monitoring) Ad hoc / On Request LDEDET / DMRE 

Meteorological Data  

Elandsbosh Weather Station Continuous Not applicable Not applicable 

Noise  

Outside mining area (boundary) Bi-annually  Ad hoc / On Request LDEDET / DMRE 

Vibration  

Vibration Unit Continuous Ad hoc / On Request LDEDET / DMRE 

Archaeological, historical and cultural sites 

Chance Find Protocol in place. Ad hoc  Ad hoc / On Request SAHRA  

Sensitive landscapes / Seasonal Pans 

Biomonitoring Annually Annually DWS 

Interested & Affected Parties 

Maintain a public complaints register 
Continuous  
Annual meetings with closest neighbours 

Not applicable Not applicable 

Waste Management 

Waste volumes generated and 
disposed at registered facilities Monthly  Quarterly (SAWIS) LDEDET / DMRE 
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7.2.1 Introduction 

Currently, the storm water originating from Dumps 1,2,3,4 and 5 is diverted to the pit via the 

road system. The storm water from the Renoster & Tyre Dump is not included in the current 

storm water management system. The Renoster Dump consists of overburden which has very 

little to no carbonaceous material. The storm water captured here is diverted away from the 

pit by berms and the clean runoff is allowed to disperse into the environment. The surface 

water runoff generated by the Tyre Dump, which has been rehabilitated, will be routed into 

the environment as clean storm water.  

Storm water originating from the processing plant and its surrounding areas is diverted by 

storm water channels to the pit area via the in pit channel. The storm water runoff from the 

stockpile areas is diverted by storm water channels to the Bosbok dam, previously known as 

Dam 20 000. The current storm water management system is illustrated in Figure 7-1. 

The storm water management for the specific areas within Grootegeluk Coal Mine is as 

follows: 

7.2.1.1 Pit Area 

All the rainfall falling in the pit area gravitates to the geographical low point, namely the in-

pit sump on Bench 13. The storm water is channeled on Bench 11, which filters through to 

Bench 13, from where the water is pumped to the plant where it is reused as process water. 

The pit area has berms around the pit to prevent ingress. However, these berms are not 

intact around the entire perimeter of the Pit. 

7.2.1.2 Discard Dump 

Dump 4 and 5 has a fairly flat surface on top and all the runoff that collects on this upper 

surface area drains via the haul roads to the Pit and the Plant Areas. The haul roads act as 

storm water drainage channels. The runoff, which drains towards the plant, reports to the 

GG7 and GG8 Plants and subsequently also to the plant storm water management system. 

There is no formal dirty water collection in place around any of the dumps. Dumps 1 and 2 

have been provided with furrows to convey runoff from the top surface area of these dumps 

to the plant storm water channels. 
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Figure 7-1: Current storm water management system at Grootegeluk Coal Mine 
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7.2.1.3 Administration 

The runoff from the administration buildings is regarded as clean runoff and it is not collected 

or contained on site. There is a sump located in the Reclamation Yard, which collects some 

of the runoff from the cutting slabs. The runoff collected in this sump either evaporates or 

alternatively it is pumped into the mine’s dirty storm water system where it is reused in the 

process. The storm water management system for the area was upgraded in 2015 to a formal 

system where all clean storm water is captured and diverted to the veld and the dirty water 

is separated by a berm ensuring no cross contamination of clean water. 

7.2.1.4 Plant Area 

Currently all storm water runoff drains from the plant area via two main storm water drains, 

called the Northern (N1) and Southern Storm (S1) Water Drain. They connect at the channel 

to pit from where the water is gravity fed to the pit from where it is later recovered for 

reuse. 

The Northern Storm Water Drain starts at the Wet Screen House and runs between the plant 

and the Power Station Coal Stockpile Area and reports to the pumping system at the foot of 

the coking coal stockpile. 

There are a number of secondary storm water trenches in the plant which drains towards the 

main storm water drains. The secondary drains in the plant have been upgraded as part of 

the storm water management project to manage a 1:50 year flood. The storm water drains 

are then also continuously cleaned so as to prevent them from silting up and blocking. 

All runoff from the Eastern and Western Power Station Coal Stockpile Areas is collected in 

seepage drains and collected and pumped back for reuse as part of the process water circuit. 

During high rainfall events the sump at the Eastern Power Station Coal Stockpile overflows to 

the Bosbok Dam. This water is reused and recycled in the process water circuit. 

Any siltation within the channels due to spillages from the plants is cleaned up via the 

cleaning contractor, thus blockages are prevented. 

7.2.1.5 Slimes Dam Complex 

Slimes Dam 1 and 2 has a small collection trench around the dams, which drains into the 

Cement Dam. Any overflow from the Cement Dam reports to the lined Mamba Dam. The 

design capacity of the dirty water collection system around the slimes dam complex has been 

re-assessed as part of the storm water project. 

Any seepage from this facility is either captured by the subsoil drain or by the drainage system 

under the Cyclic ponds, from where the water is recovered. Unfortunately, the subsoil drain 

does not extend the entire length of the Dam 5 footprint, which is currently managed as a 

dry dam and used for the draying and storage of course material recovered from the cyclic 

ponds. 
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The cyclic ponds (COCSPS) RWD I & II (return water dams) have been designed to improve 

storm water management of this area. Clean storm water is diverted around the cyclic ponds 

by a diversion bund to the west of the facility. The storm water is also diverted to the 

receiving environment north of the cyclic ponds. The concrete filled geo- cell storm water 

cut-off bund was sized based on the catchment area to the west of the facility and the 1:50 

year 24-hour storm. 

This storm water captured inside the ponds will be drained via the pond penstock systems 

and pumped to the plant. Allowance has been made to store and decant the 1:50 year 24- 

hour storm event on the cyclic ponds and at the RWD. Any storm water greater than the 1:50 

year 24-hour storm event will be diverted off the cyclic ponds or return water dam by means 

of spillways and discharged into the environment. The spillways have been designed for a 

1:100-year storm event. 

Storm water channels between Dams 1 and 2 will remain in place and convey dirty storm 

water emanating from this facility to the Mamba dam and cement dam. Storm water berms 

around the return water dam will prevent flow into the dams. All rain falling within the basin 

has been accounted for in the capacity of the dams and in the water balance. 

7.2.1.6 Reductants Plant 

The storm water runoff and process water are mixed in the Reductants Plant Pollution Control 

Dam (PCD). The Reductants Plant PCD is lined with an HDPE liner as specified in the IWUL. 

The PCD has a dual silt trap system in place at the inlet to the PCD. Storm water runoff from 

the stockpile area drains towards the PCD via the drainage system, however this system is 

not always adequate so during storm events some of the water do drain to the natural 

environment. 

The Reductants product stockpile has a sump in place from where storm water is pumped to 

the PCD. 

Hydrocarbon contaminated runoff and water generated in the scaffolding cleaning process is 

sent to the liquor destructor in the Reductants Plant. 

7.2.1.7 GMEP (GG7 & GG8) 

New storm water channels have been constructed as part of the GMEP project. These 

channels have been properly designed and are constructed of cement. The new storm water 

channels drain into the existing plant storm water management system. The construction of 

the connection between the two systems at the GG2 Plant was not completed and resulted 

in scouring and erosion of the existing drains. 

The testing of the new storm water drains and the transportation of sediment from the 

construction areas has contributed to the siltation of the existing drainage channels. 
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7.2.1.8 Workshops 

All workshops fall within the mines designated dirty water areas, thus all storm water which 

falls in these areas are seen a being dirty and is included in the mines process water system. 

The workshop areas have small storm water drainage channels which are primary used for 

capturing dirty water and directing it to the dirty water channels where the water can be 

captured and re- used in the process. 

At the Diesel, HDV and Pool Workshop, the water drains towards the oil separator where the 

water is separated from any contaminates and then pumped to the plant dirty storm water 

channels for re-use. The water recovered from the washing areas are then reused in the 

washing process where possible, but the excess is pumped to the plants for reuse. 

At the Diesel workshop area any water that falls on the roads is accumulated in the licensed 

low-lying area to the north of Dump 6 where it can evaporate. At the Pit Service station, the 

water also drains to the separator unit from where the water is pumped to the in-pit channel 

and reused in the process. 

At the Reclamation yard the storm water is captured and the cutting slab and drained to the 

separator. Clean water form here is collected and taken to the pit dirty water channels. 

7.2.1.9 Remainder of the Mine Area 

There is no formal storm water management infrastructure in this area.
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Figure 7-2: The location and extent of the clean and dirty water sub-catchments of Grootegeluk Coal Mine 
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7.2.2 Catchment Characteristics 

The discretisation into sub-catchments is based on the topography of the Grootegeluk Coal 

Mine area (Figure 7-2). The layout of both the clean and dirty water catchments is shown in 

Figure 7-2 above. A geotechnical investigation was carried out by Jones and Wagner (Report 

No.: JW166/06/A621, Summary of Technical Design Report), in which the soils were identified 

to be in the sandy to loamy sand group. The model uses these criteria to incorporate 

infiltration into the analysis using the Green-Ampt infiltration method. The sandy to loamy 

sand group resulted in a Suction head of 55.4 mm, a Hydraulic conductivity of 100 mm/hr 

and an initial deficit of 0.25 being implemented into the model. However to account for the 

high impermeability of the Grootegeluk Coal Mine pit, a suction head of 316.3 mm, a 

hydraulic conductivity of 0.6 mm/hr and an initial deficit of 0.25 were used in the model. 

7.2.3 Modelling and Sizing of the Proposed Infrastructure 

The PCSWMM model was used as the flood analysis model. PCSWMM is a dynamic rainfall-

runoff simulation model used for single event or long-term simulation of runoff quantity. This 

model was set up for the site and used to size the conveyance structures for separation of 

clean and dirty storm water runoff. 

Stimulated runoff volumes and flood peaks are summarised in Table 7-2 for both the 50 and 

100 year recurrence interval storm events. The volumes were used to check the capabilities 

of the pollution control dams. This is based on the assumption that the dams will contain only 

storm water. 

Table 7-2: Simulated 50 and 100 year recurrence interval flood peaks and volumes for 

Grootegeluk Coal Mine (Golder, 2012b). 

 1 in 50 1 in 100 

Name Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

CAT1 8.08 9049 11.57 14321 

CAT2 41.23 40118 56.99 59017 

CAT3 6.47 6111 8.87 8884 

CAT4 8.66 12627 13.44 22059 

CAT5 14.72 15176 20.74 23042 

CAT6 11.41 11920 16.13 18219 

CAT7 12.87 16123 18.54 25955 

CAT8 4.12 7049 5.00 8882 

CAT9 24.86 15860 31.04 20331 

CAT10 7.78 6240 9.78 7837 

CAT11 7.49 11644 8.61 13322 

CAT12 14.19 25088 16.51 28746 

CAT13 16.99 32942 19.81 37672 

CAT14 8.65 15839 10.14 18330 

CAT15 1.62 1505 2.23 2153 
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 1 in 50 1 in 100 

Name Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

CAT16 2.04 1933 2.81 2812 

CAT17 2.57 2167 3.50 3050 

CAT18 6.62 4595 8.77 6263 

CAT19 46.86 64302 53.80 75035 

CAT20 32.03 60205 37.62 70343 

CAT21 20.61 34545 24.04 40345 

CAT22 9.80 12840 11.19 14980 

CAT23 27.91 63828 33.14 74638 

CAT24 21.27 28772 24.38 33572 

CAT25 3.40 3690 4.84 5756 

CAT26 16.83 8700 20.74 11273 

CAT27 10.95 37549 13.16 44049 

CAT28 173.42 309096 203.04 361076 

CAT29 22.15 137765 27.19 162702 

CAT30 4.08 52820 5.07 63161 

CAT31 0.46 442 0.62 661 

CAT32 0.17 218 0.25 370 

CAT33 0.39 483 0.57 755 

CAT34 0.40 423 0.56 652 

CAT35 0.21 246 0.30 396 

CAT36 0.41 458 0.58 721 

CAT37 1.49 1734 2.13 2788 

CAT38 0.53 620 0.76 1002 

CAT39 0.14 188 0.21 324 

CAT40 1.15 1339 1.66 2160 

CAT41 1.44 1682 1.99 2654 

CAT42 0.37 437 0.53 713 

CAT43 1.27 832 1.55 1198 

CAT44 0.17 194 0.24 309 

CAT45 0.09 112 0.13 191 

CAT46 0.19 236 0.27 383 

CAT47 0.16 198 0.23 329 

CAT48 0.37 393 0.53 605 

CAT49 0.31 423 0.48 694 

CAT50 2.72 3107 3.91 4962 

CAT51 7.92 6528 10.76 9158 

CAT52 3.72 3274 5.10 4636 

CAT53 3.81 5081 5.58 8850 

CAT54 11.65 14269 16.92 23622 

CAT55 20.54 24786 29.76 40719 

CAT56 0.08 116 0.13 206 
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 1 in 50 1 in 100 

Name Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

CAT57 0.19 259 0.28 460 

CAT58 0.17 236 0.26 419 

CAT59 28.37 68581 33.40 78691 

CAT60 0.45 615 0.67 1085 

 
The clean water runoff originating from the upslope clean water catchments will be diverted 

away from the area producing dirty water. This will be achieved by means of storm water 

diversion berms at a height of 1 meter. The construction of the berms will allow for clean 

water to be diverted from areas which may contaminate it. The berms are placed to allow 

for the natural topography to divert the clean surface water runoff away from the mining 

area (Figure 7-4). 

 
Figure 7-3: Clean water management plan implementing diversion berms to redirect 

water away from the mine area. 

7.2.4 Potential Point or Diffuse source of Pollution 

Pit decant and pollution control dam spillage have been identified as potential point sources 

for pollution. The diffuse sources for pollution are: 

• Pollution control dam seepage; 

• Discard dump seepage; 

• Slimes Dams seepage; 
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• Dust; and 

• Dirty water area runoff. 

The proposed monitoring points are presented in Figure 7-5, Figure 7-6 and Figure 7-7. 

 
Figure 7-4: Surface water monitoring points for Grootegeluk Coal Mine. 
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Figure 7-6: Compliance monitoring points for Grootegeluk Coal Mine. 

 
Figure 7-7: Borehole water monitoring points for Grootegeluk Coal Mine. 
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7.2.5 Parameters to be Measured 

The key indicators of pollution from a coal mine are presented in Table 7-3. 

Table 7-3: Water quality variables to be measured (Golder, 2012b). 

Key Indicators  

pH 
EC 
TDS 
Ca 
Na 
SO4 
NH4 
NO3 
Cl 
Mg 
Fe 
F 
B 
Al  
Mn 
Suspended Solids 
P 
K 
Phenols (Char plant only) 

 

Monitoring points and monitoring details are presented in Table 7-4. 

Table 7-4: Description of monitoring points and frequency of water quality 

measurements. 

Monitoring Point ID Description 
Frequency of  

Measurement 

Surface Water Monitoring Points 

PSP Product stockpile point Monthly 

CNL Canal near new laboratory area Monthly 

TDB Total depot bridge point Monthly 

GEO Geo-hydrological membrane cut off trench Monthly 

PSS Pit Service Station Separator Monthly 

CWS Central workshop Separator Monthly 

PWDS Pool workshop Separator Monthly 

VTJ Voëltjie Dam Monthly 

D6D Dam North of dump 6 Monthly 

OXI Oxidation Dam Monthly 

SWWT New Sewage Waste Water Treatment Plant Monthly 

CPRWD Cyclic Ponds Return Water Dams Monthly 

MMB Mamba dam Monthly 
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Monitoring Point ID Description 
Frequency of  

Measurement 

OLI Olifantskop dam Monthly 

BSB Bosbok Dam Monthly 

CHA Char Pollution Control Dam Monthly 

PIT Pit – Bench 11 Monthly 

PIT 13 Bench 13 Monthly 

CTL Control sample (tap water for analysis reference) Monthly 

Attenuation dam 1 Next GG7&8 project office Monthly 

Attenuation dam 2 Next to the Rail-loop Monthly 

Attenuation dam 3 Adjacent capital yard Monthly 

Attenuation dam 4 Opposite Char plant Monthly 

Compliance Monitoring Points 

GW01S Shallow aquifer conditions north of Grootegeluk mine Bi-Annually 

LT23 Aquifer conditions to the north west of GG pit Bi-Annually 

LT39 

Aquifer conditions South of Daarby Fault, north-east of 

Grootegeluk pit Bi-Annually 

MY19 

Aquifer conditions South of Daarby Fault, west of GG dump 

4 &5 Bi-Annually 

MYSPES50 Thabametsi monitoring network Bi-Annually 

TE88 

Aquifer conditions south-east of GG mine, Dump 6 and 

borrow pit Bi-Annually 

TE90 

Aquifer conditions south of GG mine pit and south of Daarby 

fault Bi-Annually 

TE96 

Aquifer conditions south-east of GG mine, Dump 6 and 

borrow pit Bi-Annually 

VP03 Aquifer conditions to the west of GG pit Bi-Annually 

WB41 Site monitoring Bi-Annually 

WBR01 

Aquifer conditions north of Daarby fault to the north-east of 

GG mine (Dump 6) Bi-Annually 

WBR02 

Aquifer conditions north of Daarby fault to the north-east of 

GG mine Bi-Annually 

WBR07 

Aquifer conditions to the north-east of GG mine – north of 

Daarby fault Bi-Annually 

WBR09A 

Aquifer conditions north of Daarby fault to the north of 

Grootegeluk (GG) mine (Dump 4) Bi-Annually 

WBR10 

Aquifer conditions north of Daarby fault to the north-east of 

Grootegeluk mine (Dump 4 & 5) Bi-Annually 

WBR18 Site monitoring Bi-Annually 

WBR32 Aquifer conditions south of Slimes dams 1, 2 & 5 of GG mine Bi-Annually 

WBR33 Aquifer conditions south-west of GG pit and Renoster dump Bi-Annually 
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Monitoring Point ID Description 
Frequency of  

Measurement 

WBR38 

Aquifer conditions to the east of GG mine – north of Daarby 

fault Bi-Annually 

WBR41 

Aquifer conditions south of Daarby fault to the west of 

Grootegeluk mine Bi-Annually 

WBR42 

Aquifer conditions south of Daarby fault to the west of 

Grootegeluk mine Bi-Annually 

WBR43 Aquifer conditions of GG Char Plant Bi-Annually 

WBR45 

Aquifer conditions to the east of GG mining waste and 

recycle yard Bi-Annually 

WBR46 Aquifer conditions south-west of Grootegeluk mine Bi-Annually 

WBR48 

Aquifer conditions South of Daarby Fault, north- west of GG 

dump 4 & 5 Bi-Annually 

WBR49 * 

Aquifer conditions north-east of GG mine, slimes Dump 1 

and 2 and Cyclic Ponds, Tox Quarterly 

WBR50 

Aquifer conditions south of GG mine pit and south of Daarby 

fault Bi-Annually 

JY25 Thabametsi monitoring network Bi-Annually 

Site Monitoring Points 

WB25 Site monitoring Bi-Annually 

WB34 Site monitoring Bi-Annually 

WB36A Site monitoring Bi-Annually 

WB39A Site monitoring Bi-Annually 

WB45 Site monitoring Bi-Annually 

WB46 Site monitoring Bi-Annually 

WB50 Site monitoring Bi-Annually 

WB53 Site monitoring Bi-Annually 

WB55 Site monitoring Bi-Annually 

WB56 Site monitoring Bi-Annually 

WB60 Site monitoring Bi-Annually 

WB62 Site monitoring Bi-Annually 

WBR03* Site monitoring, Tox, Cyclic ponds Quarterly 

WBR04* Site monitoring, Tox, Cyclic ponds Quarterly 

WBR05 Site monitoring Bi-Annually 

WBR15 Site monitoring Bi-Annually 

WBR17 Site monitoring Bi-Annually 

WBR24* Site monitoring, Tox, Cyclic ponds Quarterly 

WBR31 Site monitoring Bi-Annually 

WBR39 Site monitoring Bi-Annually 

WBR40 Site monitoring Bi-Annually 

WBR29 Site monitoring Bi-Annually 
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Monitoring Point ID Description 
Frequency of  

Measurement 

WBR35 Site monitoring Bi-Annually 

AV01 Site monitoring Bi-Annually 

The storm water management plan described has been developed to meet the requirements 

of Regulation 704 of the National Water Act. The storage facilities can store the runoff volume 

for the 50 year, 24 hour rain event. A storm water management plan for Grootegeluk Coal 

Mine was compiled by Golder in August 2021. This suggested a storm water management 

system for both the clean and dirty water associated with the site. In 2015 Delta Built 

Environment Consultants (Delta BEC) supplied Exxaro with an update of their current storm 

water management plan that includes the consideration of new infrastructure and site layout 

(Delta Built Environment Consultants, 2015). 

7.3 WATER AND SALT BALANCE 

7.3.1 Introduction 

Water management is an important aspect of the mine’s operations and it revolves around 

three core aspects, namely water supply, dirty storm water management and process water 

management. A water balance study was undertaken in 2012 by Golder Associates to 

understand the projected water system and its implications in terms of risk and its associated 

mitigation requirements. 

The objectives of the study were: 

• To build a water balance model to be able to report on the existing mine water 

balance and simulate future scenarios; 

• To serve as a management tool for the environmental manager to achieve the 

objectives as outlined in the IWWMP; 

• To quantify the impact of the Grootegeluk Coal Mine on the natural environment; 

• To enable Grootegeluk Coal Mine to manage the excess water optimally; and 

• To identify critical knowledge gaps to understand the water system in future 

phases of the water balance development (Golder, 2012c). 

Following the initial study, Aurecon constructed an Integrated Water and Salt Balance Model 

(IWSBM) in 2019. The overall aim of the of the study was to provide Grootegeluk Coal Mine 

with an improved water management strategy. The objectives of the study were: 

• To collect and collate all available information necessary for the development 

of the water and salt balance; 
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• To develop, calibrate and validate a water and salt balance model of the 

integrated mine water system; 

• To simulate the historical water and salt balance; and 

• To simulate the future water and salt balance. 

The water and salt balance for Grootegeluk Coal Mine is updated on an annual basis. The 

result of the latest updates is highlighted in this section. Refer to Appendix F for further 

details. 

7.3.2 Methodology used  

The risk of surface water and groundwater contamination caused by mining activities and any 

following potential environmental consequences call for careful planning and operation of 

mine water infrastructure. The need to provide an adequate reliability of process water 

supply and assurance of the compliance of discharge water quantity and quality with local 

environmental legislation and with best practices is becoming equally important. The classic 

water balance approach usually involves building a deterministic model in which respective 

elements of the water cycle are usually represented by using averaged values of system 

variables over simulated time steps. A continuous probabilistic model gives a picture of the 

various possible outcomes of different scenarios and assesses the impact of risk, allowing for 

better decision making under uncertainty. 

Building a daily probabilistic water balance model with simplifying assumptions allows the 

necessary subtleties to be addressed and helps to understand complex systems found at large 

mining operations such as Grootegeluk Coal Mine. The daily probabilistic model offers the 

following benefits: 

• A better understanding of the dynamics of the various circuits can be achieved; 

• While flows and water levels can be measured quantitatively, the model allows 

the estimation of dynamic processes such as runoff and seepage to provide a 

complete picture of the overall water balance; 

• The results of the continuous daily modelling can be used to estimate average 

daily flows between all the components that make up the site water circuits; 

• Dynamic operating rules can be incorporated that react to various situations as 

they occur. The effects of the operating rules can then be assessed and the 

operating rules optimised; and 

• The probability distributions of variables can be assessed and better understood. 

These include dam levels, water quality, spillage frequencies and spillage 

volumes. It provides a better understanding of the risks associated with 

unpredictable events such as excessive rainfall (Golder, 2012c). 
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The model was coded using a top-down approach. That is, starting with a broad overview of 

the water balance, and then drilling down to the next level of detail if available and if 

required. GoldSim software was used to develop a site water balance model to simulate the 

water system throughout the life of the mine, Goldsim is a simulation software widely used 

in the mining industry for mine site water balance studies. The model is a physically-based 

model that includes the site layout, detailed facilities (all catchments, storages, reticulation 

and pumps), operations, and physical processes (generation, collection, storage, distribution, 

dissipation, and release of water) within the mine waler circuit. The model developed is a 

simplified representation of the existing Grootegeluk mine water system. 

7.3.3 Water System Description 

The current overall mine water philosophy can be summarised as: 

• The mine requires water for: 

o Running of beneficiation plants 

o Dust suppression, supplied by filling points 

o Other minor demands, supplied by Mokolo raw water 

• Water is supplied to the beneficiation plants in order of priority: 

1. Borehole water, this is a continuous inflow into the recovered dams at the various 

beneficiation plants 

2. WWTW treated sewage; this is a continuous inflow into GG1 recovered dam 

3. Pit Dewatering, this is switched on/off manually by the Water Services team. The 

decision on pumping is mainly driven by management of water in the pit. 

4. Bosbok dam, this is switched on/off manually in the control room. A trigger is 

provided to the control room when the Bosbok level is above 80% in the dry season 

/ 60% during the wet season. The decision to switch pumping on/off is human-

driven and mainly driven by management of the Bosbok dam level. 

5. Mokolo Water, this is switched on/off manually by the Water Services team. 

Pumping occurs to top-up the recovered water dam. 

The mine-wide water balance circuits at Grootegeluk Coal Mine includes the pit, coal plants, 

water dams and slimes dam. The schematics of the detailed process flow diagram 

representing all the water circuits on Grootegeluk Coal Mine which are simulated in the water 

balance are shown in Figure 7-8. A simplified representation of the water circuits system is 

presented in Figure 7-9 and was used for representation purposes in the report. The “Slimes 

Complex” shown in Figure 7-10 corresponds to the various components shown in Figure 7-9. 
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Figure 7-8: Detailed Process Flow Diagram for Grootegeluk Coal Mine.
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Figure 7-9: Conceptual Process Flow Diagram for Grootegeluk Coal Mine 

The mine water system consists of the following: 

• Pit Dewatering System 

o Open Pit: The pit section generates water through runoff and recharges through 

the backfill and rehab area. It also receives seepage from the Bench 11 sump. 

Previous studies have concluded that no direct groundwater ingress reports to the 

pit. 

o Bench 13 Pit Sump: The Pit Sump receives water from the pit runoff, backfill 

recharge and seepage from Bench 11 sump. Water accumulated in the sump is 

then pumped back to surface level at the plant or for dust suppression. The sump 

is required to 'move' as mining advances, and new pit sumps are blasted. The sump 

is usually constructed between the bottom of Bench 13 (bottom sump elevation) 

and the bottom of Bench 11 (crest sump elevations). 
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o Bench 11 Sump: Bench 11 Sump receives water from the N1 channel and direct 

catchment runoff. The N1 channel drains the plant overflows and runoff from 

some of the plants catchment area. Water does not seem to accumulate in Bench 

11 Sump, and it has been reported that a large portion of the water seeps through 

the backfill and into the main pit. A hydrogeological study was also undertaken to 

characterise the seepage volumes. 

 
Figure 7-10: Conceptual Process Flow Diagram of the “Slimes Complex” 

• Reuse Water System 

o Slimes Dam 1&2: The Slimes Dam receives slurry streams from GG7-8 and 

historically from GG1-6. The slurry from the plants is disposed of at the slimes 

dam- Excess water is pumped through a barge pump into the Cement Dam. 

Seepage from the dam is collected through a deep trench located South East of 

the dam and pumped back into the Mamba dam. 
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o Cyclic Ponds and RWDs: The Cyclic Ponds receives slurry from GG1-6. There is 

only one cyclic pond active at a time (out of four). The slurry has been priorly 

filter pressed to reduce its moisture content and recover water at the plant. 

Seepage and runoff from the cyclic ponds are collected through a trench into the 

Return Water Dams (RWDs). Water from the RWDs is pumped into the Cement 

Dam. 

o Cement Dam and Mamba Dam: The Cement Dam receives return water from the 

Slimes Dam 1& 2 and the cyclic ponds RWDs, Water from the Cement Dam is 

pumped directly to GG1 or/and to Bosbok Dam. The capacity of the Cement Dam 

is small, and it can overflow into the Mamba Dam through a pipe connecting both 

dams. 

o Bosbok Dam: Bosbok Dam provides additional storage for return water. It receives 

water from the Cement Dam and some of the runoff from the plant area. Water is 

first discharged into a silt trap where some of the suspended solids settle down, 

and water overflows into the dam. Return water can then be pumped either to 

GG1 or GG2. 

• Plant Area 

o GG1-6 Plant Area (includes GG1, GG2, GG3, GG4, GG5, GG6): The recovered 

water dam is supplied by some of the dewatering boreholes and water pumped 

from the Pit Sump. This dam can be topped up with raw water supplied from the 

Mokolo Dam. The clarified water dam receives return water from Bosbok Dam and 

Cement Dam. Water is mostly used in the plant for Relative Density (RD) control, 

flocculation and washing. Some of the water is pumped to the Reductants Plant. 

o GG7-8 Plant Area (includes GG7, GG8, GG10): The recovered water dam is 

supplied by some of the dewatering boreholes and water pumped from the Pit 

Sump. This dam can be topped up with raw water supplied from the Mokolo Dam. 

The clarified water dam is fed by water pumped from the Pit Sump and is topped 

up with raw water supplied from the Mokolo Dam. 

o Reductants Plant: The Reductants Plant Dam receives some of its water from 

GG1, GG2 plant and raw water from the Mokolo Dam. It is currently inactive. Some 

of the water is lost through the cooling system. 

 

7.3.4 Water Balance 

The updated integrated water balance results for the hydrological year 2020/2021 is 

presented in Figure 7-11 below. 
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Figure 7-11: Average Annual Water Balance (2020/2021). 

7.3.5 Salt Balance 

The model requires a water quality component to be incorporated into the existing flow 

component. The model will simulate Total dissolved solids (TDS) loads from the system. 

The mass balance approach provides a mechanism for tracking changes of water volume and 

specific elements in the water system depending on the loads that are flowing between 

various storage areas. This approach provides a good indication of the general water quality 

in a water system. 
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The updated salt balance results for the hydrological year 2020/2021 is presented in Figure 

7-12 below. 

 
Figure 7-12: Average Annual Salt Balance (2020/2021). 

 

7.3.6 Improvement of Monitoring Accuracy 

Meters should be calibrated on a regular basis and measurements accurately recorded. By 

systematic water audit and quantifying water flows at each pumping station, a water balance 

with reasonable accuracy can be maintained. By accurately measuring inflows and outflows, 

the losses or wastage can be quantified and these losses can be optimized by taking 

appropriate measures. An upgrade and audit of the current monitoring system to ensure 

reliability of flow, levels and concentration data should be carried out. The monitoring 

network should be extended to increase the knowledge of the mine water system. 

7.3.7 Handling of Excess Water 

Treatment and/or extra storage capacity will be required by 2020 to cater for excess water. 

Depending on the size of the extra storage areas, a treatment plant with a capacity of up to 

6000m3/d would be able to cater for the excess water. Treatment capacity can be reduced 

by constructing additional storage capacity on site. 

7.4 ENVIRONMENTAL AWARENESS PLAN 

Grootegeluk Coal Mine currently operates according to the principles and procedures in terms 

of environmental awareness, as set out in the ISO 14001 procedures. These procedures 

require identification of training needs, development, distribution, communication and 
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implementation of all training courses. These courses address environmental impacts at the 

mine.  

Environmental Awareness Training is aligned with Grootegeluk Coal Mine’s Five Green 

Principles, namely Water Management, Waste Management, Hydrocarbon Handling, Energy 

Saving and Legal Compliance. Awareness Training is conducted for all new personnel, 

contractors and visitors and includes the following: 

• Waste Management; 

o Pollution prevention by means of reducing the quantity of hazardous 

substances used; 

o Reduce waste by purchasing products with less packaging and rather 

opt for materials that can be recycled or have product delivered in 

re-usable containers; 

o Treatment of waste by means of chemical treatment; 

o Separate waste according to classes and dispose of waste on 

registered landfill sites only. 

• Pollution; 

o Prevent pollution by means of correct handling and storage of 

hazardous chemical substances; 

o In case of spills / incidents, the area is cleaned up and rehabilitated. 

• Dust is controlled by wet suppression, chemical binders and enforcement of 

speed limits; 

• Water (Surface and ground water); 

o Pollution prevention by means of an effective stormwater 

management system; 

o Reuse water recovered from mine process, recycle water for process 

use and reduce the quantity of water use; 

o Use the water treatment option when water quality is no longer at 

an acceptable level; 

o Discharge of water must be in compliance with the Water Use 

Licence; 

• Soil; 

o Separate topsoil and subsoil. The topsoil is used for rehabilitation 

purposes; 
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• Environmental legislation; 

o Compliance with all International treaties, Conventions and Protocols 

that South Africa is signatory to; 

o Comply with all National, Provincial and Local environmental laws, 

regulations and standards; 

o Comply with all permits, licences and exemptions; 

o Comply with company internal standards, policies and procedures; 

o Non-compliance can lead to fines and imprisonment. 

• Fauna and Flora; 

o No hunting or poaching of animals will be allowed; 

o No harvesting of plants is allowed; 

• Energy Saving; 

o Minimize/reduce unnecessary use of energy by making use of energy 

saving equipment, switching off non-essential electrical appliances 

and unplugging chargers not in use; 

o Optimize utilization of mining and plant equipment, traveling routes 

and utilization of pantographs; 

o Use alternative or renewable energy sources such as solar or wind 

energy; 

o Implement a system of energy efficiency by switching of air 

conditioners, lights etc. when not in use. 

7.5 EMERGENCY PREPAREDNESS AND RESPONSE 

Grootegeluk Coal Mine has a procedure in place in the event of an environmental emergency. 

This plan is: 

• Available from members of the Emergency and Rescue Teams. A copy is kept 

at their place of work, their vehicles and their private residences. 

• The plan is revised on an annual basis 

• The Head of Risk Control Management is responsible to revise and co-ordinate 

the issuing of the plan. The revision is done in consultation with the Manager 

SHEQ and the Environmental Manager. 

• The divisional managers are responsible for updating/review of the page/s 

with regard to their divisions before the next revision date. 
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• The updating/review is done in electronic format within the scheduled 

timeframe 

• All previous revisions are destroyed on publishing the latest revision 

The Mine Emergency Plan can be obtained from the mine for more detailed information 

(Standard Practice Instruction – Emergency Plan 2012, SPI/GG/A01.003). 

7.5.1 Environmental Emergency Incidents 

All environmental emergency incidents are managed according to the legal requirements as 

detailed in: 

• National Environmental Management Act, Act 107 of 1998, Section 28 (Duty 

of care and remediation of environmental damages); 

• National Environmental Management Act, Act 107 of 1998, Section 30 

(Control of emergency incidents); and 

• National Water Act, Act 36 of 1998, Section 20 (Control of emergency 

incidents). 

The following environmental emergencies have been identified and the departments most 

likely to experience them (Table 45). 

Table 7-9: Environmental emergencies and relevant departments (Exxaro, 2012) 
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The emergency plan makes provision for all environmental emergencies and a process is in 

place to follow in case of emergency. Clear emergency telephone numbers are displayed in 

offices, and on notice boards. 

The efficiency of the emergency plan is tested from time to time by means of mock drills. 

These drills are recorded and learnings are shared in order to improve the system. 

7.5.1.1 Radioactive Emergencies / Spillages 

The following procedure is in place to deal with radioactive emergencies or spillage: 

• If there is a fire in the vicinity of a radioactive source, the Radioactive 

Protection Officer (RPO) or Acting Radioactive Protection Officer (ARPO) as 

well as the Plant Superintendents must be contacted;  

• Extinguish the fire immediately. The first few minutes are critical to keep 

the source intact; 

• The immediate area must be cordoned off to ensure that only authorized 

staff are allowed into the area; 

• Do not disturb the source; 

• Safe distance to be determined by the RPO / ARPO; 

• All staff must evacuate the area as soon as possible to avoid potential 

exposure to the radioactive source; 

• A radiation monitoring device must be brought to the site immediately; 

• Should a breach be detected, the area will be evacuated & the Department 

of Health will be notified to come and remove the leaking source; 

• Effluent water must be monitored for any signs of contamination, to prevent 

radiation from spreading; 

• If the effluent water is found to be contaminated it must be contained & 

removed by the Department of Health; and 

• The Communications Department must be informed of details of the incident 

and communication documentation must be compiled, approved and 

released. 

7.5.1.2 Slimes Dam Wall Breach 

In case of a spill the Department of Mineral Resources’ mandatory Code of Practice must be 

followed: 

• Should a breach be evident, the Area Foreman, Superintendent & HOD must 

be informed; 
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• The immediate area must be evacuated; 

• Risk Control must be alerted and the Emergency Reaction Force must be 

placed on standby to assist with evacuation, if necessary; 

• Secondary mobile equipment should be mobilized and temporary bund walls 

must be constructed around the site of the spill to contain the spill; 

• All product that was spilled must be bulldozed back into dam and the walls 

must be re-constructed; and 

• The Communications Department must be informed of details of the incident 

and communication documentation must be compiled, approved and 

released. 

7.5.1.3 Hazardous Chemical Substance Spill 

Different procedures are implemented for small, medium or large HCS spills.  

The following procedures must be followed in case of a small to medium HCS spill: 

• The spill must be reported immediately to the Supervisor / Foreman of the 

area in which the spill occurred; 

• The substance that spilled must be identified and the MSDS obtained; 

• If the substance is noxious or toxic the area must be evacuated; 

• The spill must be contained with a relevant absorbent material such as Zorb; 

• All contaminated absorbent material and contaminated soil must be 

collected and disposed of in sealable 210 litre drums as per the Mine’s 

emergency spill and response process; and 

• The sealed drums must be taken to the temporary hazardous waste store at 

the reclamation yard for correct disposal. 

The following procedures must be followed in case of a large HCS spill: 

• The spill must be reported immediately to the Supervisor / Foreman of the 

area in which the spill occurred; 

• The substance that spilled must be identified and the MSDS obtained; 

• If the substance is noxious or toxic the area must be evacuated; 

• The spill must be contained with a relevant absorbent material such as Zorb. 

Secondary equipment should be used to make a temporary bund around the 

spill; 
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• Should the spill exceed 1000 litres in an unbunded area a HazChem team 

must be notified and deployed to clean up such a spill. The costs of clean-up 

will be the responsibility of the section or department that caused the spill; 

• The Fire Brigade or Trauma Team must be contacted to assist with containing 

the spill until such time that the HazChem team arrives and takes ownership 

of the area; 

• If the spill occurs on a road, the road must be closed with a 50 m buffer zone 

on either side of the area; and 

• The Communications Department must be informed of details of the incident 

and communication documentation must be compiled, approved and 

released. 

7.5.1.4 Hydrocarbon Spillages 

The following procedures must be followed in case of a hydrocarbon spill. 

Major Spill: 

• The Grootegeluk Coal Mine’s Integrated Waste Management Standard 

Practice Instruction (SPI) must be followed. 

• The Foreman, ARE and HOD of the section where the spill occurred must be 

informed of the spill and of the person responsible for causing the spill. 

• The spill must be contained with a relevant absorbent material such as Zorb. 

Secondary equipment should be used to make a temporary bund around the 

spill. 

• Excess material must be removed as quickly as possible to prevent further 

contamination of the ground. This can be achieved by scooping up the 

contaminant or adding an absorbent material such as Zorb.  

• Contaminated material must be removed and placed in appropriate 

containers (210 litre drums). These containers must be delivered to the Total 

Fuel Depot storage facilities, where an approved service provider will collect 

them for safe disposal. 

• All major soil contamination must be reported to the Senior Environmental 

Specialist Waterberg, who will take decisions about further clean-up 

procedures after inspecting and assessing the affected area. 

• The area must be rehabilitated by replacing the contaminated soil with clean 

soil. 
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• Should the spill exceed 1000 litres in an unbunded area, a HazChem team 

must be notified and deployed to clean up the spill. The costs of clean-up 

will be the responsibility of the section or department that caused the spill. 

• The Fire Brigade must be contacted to assist with containing the spill until 

such time that the HazChem team arrives and takes ownership of the area 

• Should the spill be caused by a contractor working on the Grootegeluk Coal 

Mine site the cost of clean-up will be the responsibility of the relevant 

contractor. 

Minor Spill: 

• Excess material must be removed as quickly as possible to prevent further 

contamination of the ground. This can be achieved by scooping up the 

contaminant or adding an absorbent material such as Zorb.  

• Contaminated material must be removed and placed in appropriate 

containers (210 litre drums). These containers must be delivered to the Total 

Fuel Depot storage facilities, where an approved service provider will collect 

them for safe disposal. 

• The 210 litre drums must have lids that can seal the contents off. 

• It is the responsibility of the section in which the spill occurred to take the 

contaminated material to the temporary hazardous waste site at the Total 

Fuel Depot. 

Remediation: 

• In the case of a hydrocarbon spill of 1m2 or greater, the following procedure 

must be followed to remediate the area after removal of the contaminated 

soil: 

• The remaining soil must be aerated by means of loosening the soil with a fork 

or spade; 

• Add non-contaminated absorbent such as Zorb into the loosened soil; 

• In areas where large quantities of contaminated soil were removed, this soil 

should be replaced with new soil. 

• If it is required by the Environmental Department: 

• Commercial mono-ammonium phosphate agricultural fertilizer can be added 

to the soil at a rate of a handful of fertilizer per square meter. This must be 

applied on a weekly basis for a period of 12 weeks; 
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• The area must be dampened at regular intervals for a period of 12 weeks. If 

dry spells occur, the area needs to be dampened more frequently. 

• The environmental department will test the soil and assist with the 

rehabilitation where necessary and required. 

7.5.1.5 Spillages of Contaminated Water / Effluent 

In the case of a spill of dirty storm water, slimes pipelines, process water or slurry the 

following procedure must be followed: 

• Reportable malfunctions include the following: 

o Slime pipe bursts;  

o Large volumes of water losses; and 

o Pollution that has occurred or storm water dams overflowing.  

• Should any of the above incidents occur, the direct supervisor should be 

informed immediately, who will then inform the Area ARE & Superintendent; 

• All measures to contain the spilled effluent and stop overflow should be put 

in place; 

• Any incident or malfunction must immediately be reported to the Head of 

Electrical & Miscellaneous Services; record should be kept of malfunctions. 

• All malfunctions regarding the spillage of slimes into clean areas must 

immediately be reported to the Superintendent – Matimba; 

• The Head of Electrical & Miscellaneous Services & Superintendent – Matimba 

should inform the SHEC Manager and Senior Environmental Specialist of the 

incident; 

• The Senior Environmental Specialist must report any reportable malfunctions 

to the DWA within 24 hours after the occurrence; 

• All incidents must be reported immediately on the Pivot system and 

• All Reportable Pivot incidents will be handled by the Environmental 

Practitioners with the assistance of the Senior Environmental Specialist. 

7.5.1.6 Transformer Oil Containing PCBs 

All incidents related to PCBs must be reported to the SHEC department or the Environmental 

Section with a clear indication of where the spill occurred. 

The incident must also be reported on the PIVOT Incident Management System by the relevant 

Foreman. 

Level 1 – 3 PCB Contaminated Oil Spills Smaller than 210 ℓ 
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• The spill must be isolated and contained to minimize the affected area and 

prevent further contamination or spread. 

• The Supervisor must be informed immediately and the spill must be reported 

to the Environmental Section. 

• If the PCB content of the spill is unknown, a fluid sample should be obtained 

for testing. 

• Protective equipment must be used and the spill cleaned up with an 

absorbent material. 

• Dispose of the absorbent material, ensuring that the containers are clearly 

marked as "Hazardous waste containing PCB contaminated material". The 

containers must be sent to the reclamation yard and disposed of as hazardous 

waste. 

Level 4 – 5 PCB Contaminated Oil Spill greater than 210 ℓ 

• The spill must be isolated and contained to minimize the affected area and 

prevent further contamination or spread. 

• The Supervisor must be informed immediately and the spill must be reported 

to the Environmental Section. 

• The size of the spill and impact on the direct environment must be assessed 

by the Environmental Practitioner. 

• The HazChem Team must be contacted and informed of the spill. 

7.5.1.7 Burning of Waste Tyres 

The following procedure must be followed: 

• Measures such as firebreaks and regular inspections of the area must be put 

in place to prevent fires at the Waste Tyre Storage area; 

• Any smoke or fire in the vicinity of the Waste Tyre Storage area must be 

reported immediately to the Area Foreman & Fire Brigade (9111); 

• Security or the Risk Team must confirm the location, severity and person 

reporting the fire as well as complete the appropriate register; 

• The Fire Brigade and fire fighting team must be informed of the fire and its 

location; 

• The fire fighting team must maintain all equipment in good working order 

and ensure that fire fighting materials i.e. water and foam, are available at 

all times to extinguish the fire; 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 258 

• The fire must be contained and further spread prevented; 

• The area must be barricaded and safety should be ensured; 

• The SHEC & Environmental Section must be informed of the fire; and 

• Once the fire is contained and extinguished, the Fire Chief will write a report 

on the fire and the Fire Inspector will be notified of the event. 

7.5.1.8 Veld Fires 

The following procedure must be followed: 

• Preventive measures such as regular inspection of the area and firebreaks 

must be put in place; 

• Any smoke or fire must be reported immediately to the Risk Team or Security 

offices; 

• Security or the Risk Team must confirm the location, severity and person 

reporting the fire as well as complete the appropriate register; 

• With the information gained regarding the location of the fire, the Risk Team 

/ Security will determine whether the fire is within or outside the mine area; 

• Fire Brigade will mobilise fire fighting resources; 

• If the fire is within the mining area, Risk Control will inform the relevant 

responsible area Foreman;  

• Should the Fire be outside the mining area, Risk Control must notify Manketti 

Lodge; 

• The SHEC and Environmental Section must be informed of the fire; and 

• Once the fire is contained and extinguished, the Fire Chief will write a report 

on the fire and the Fire Inspector will be notified of the event. 

7.5.1.9 Spontaneous Combustion 

Where possible, spontaneous combustion must be prevented. 

In the Pit 

• Burning material or visible smoke must be reported immediately to the 

Control Tower / Dispatch. 

• The incident must be reported on the Incident Management System. 

• The Head of Secondary Equipment will take immediate action. 

• If possible, the material will be loaded out as soon as possible and dispatched 

to the appropriate plant, after it has been cooled down with water and the 
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plant notified. If the material is too hot or not suitable for a plant, it will be 

dumped on a selected dump and covered as soon as possible with non-

combustible material. 

• The Head of Maintenance responsible for the machinery used in loading out 

the hot material must also be notified to ensure the equipment is not at risk. 

In the Plant 

• Burning material or even visible smoke from the stockpiles must be reported 

to the Section Head. The Section Head will then report it to the 

Superintendent and ARE of the area.  

• The incident must be reported on the Incident management System 

• If required, the Head Secondary Equipment needs to be informed should 

equipment be required. 

• Safe Work Procedure must be in place to manage the burning coal. 

 

8 DECOMMISSIONING, CLOSURE AND FINANCIAL PROVISION 

8.1 DECOMMISSIONING AND CLOSURE 

Grootegeluk Coal Mine is currently operational and therefore the rehabilitation and closure 

planning is updated continuously in accordance with the Financial Provisioning Regulations 

(GNR 1147, 2015), published in terms of NEMA.  

The Regulations requires that adequate financial provision be made for mine 

decommissioning and closure through detailed itemisation of all activities and costs, 

calculated based on actual cost of implementation of the measures required for: 

• annual rehabilitation, as reflected in an annual rehabilitation plan; 

• final rehabilitation, decommissioning and closure of the prospecting, exploration, 

mining or production operations at the end of the life of operations, as reflected in 

a final rehabilitation, decommissioning and mine closure plan; and 

• remediation of latent or residual environmental impacts which may become known 

in the future, including the pumping and treatment of polluted or extraneous water, 

as reflected in an environmental risk assessment report.  

It is further required that the above be reviewed and adjusted on an annual basis. Please 

refer to the most recent Grootegeluk Coal Mine closure planning documentation: 

• Report A: Final rehabilitation, decommissioning and mine closure plan (Appendix 4 

of GN R.1147) dated May 2020; 
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• Report B: Environmental risk assessment (Appendix 5 of GN R.1147), dated May 2020; 

and 

• Report C: Annual rehabilitation plan (Appendix 3 of GN R.1147), dated May 2020. 

Note that these documents are dynamic documents and annual updates is undertaken. It must 

be ensured that the latest revision is referred to in this regard. 

8.2 FINANCIAL PROVISION 

The Mineral and Petroleum Resources Development Act (Act 28 of 2002) requires of the holder 

of a mining right to: 

• make adequate financial provision for the rehabilitation of any environmental 

damage; 

• Re-assess and adjust such provision on an annual basis; and  

• maintain and retain the financial provision until the Minister issues a closure 

certificate. 

Financial Provisioning for Mine Closure was previously determined in accordance with the 

“Guideline document for the evaluation of the quantum of closure-related financial provision 

provided by a mine (2004)” which is an official guideline as contemplated in Regulation 54(1) 

of the MPRDA and has since been replaced with the NEMA Financial Provisioning Regulations 

(GNR1147, 2015). The regulations aim to ensure that operating mines have a clearer 

understanding of what their operations will look like at the end of LOM and the risks 

associated with this.  

The overall goal is to ensure that there is adequate financial provision for rehabilitation if 

the mine undergoes sudden closure or once mining activities cease. The Regulations requires 

that financial provision must be made for: 

• rehabilitation and remediation; 

• decommissioning and closure activities at the end of prospecting, exploration, mining 

or production operations; and 

• remediation and management of latent or residual environmental impacts which may 

become. 

Provision for rehabilitation is made to the Exxaro Environmental Rehabilitation Trust Fund 

(EERF) as part of the Grootegeluk Mine account.  Quarterly contributions to the fund are done 

to ensure that enough funding is available for final closure; proof of status of the fund is 

supplied to the DMRE on a yearly basis.   
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9 UNDERTAKING BY EXXARO COAL 

I  , the undersigned and duly 

authorised thereto, the Company Exxaro Coal (Pty) Ltd have studied and understand 

the contents of this document in it’s entirety and hereby duly undertake to adhere to the 

conditions as set out therein including the amendment(s) agreed to by the Regional Manager 
 
 

Signed at:  on this  day of  20  

        
Signature  Designation 
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CORE SKILLS 

• Project Management

• Technical & Impact Assessment
Guidance

• Environmental Assessment

• Water Use Licencing

• Waste Management Licencing

• Environmental & Waste Auditing
and Compliance Monitoring

 

DETAILS 

Qualifications 

• B.Sc. Microbiology (Honours)
University of  Pretoria 1996

• B.Sc. Biological Sciences
University of Pretoria 1994

Memberships/ Professional 
Affiliations 

• International Association for
Impact Assessors of South
Africa (IAIA)

• Institute of Waste Management
of South Africa (IWMSA)

• SACNASP (No.117348) (South
African Council for Natural
Scientific Professionals)

Languages 

• Afrikaans

• English

Countries worked in: 

South Africa, Zambia, Namibia 

Gerda Bothma 

Environmental Unit Head 

PROFILE 

Gerda has over 23 years’ experience within the environmental and waste 
management field and strives to deliver custom environmental services 
to clients. 

Gerda began her career in the environmental field within the 
government sector, managing environmental aspects and impacts as well 
as reviewing environmental assessments with the view of authorizing or 
declining authorization of the developments. 

After six years within the government sector she joined a consulting 
engineering firm where she was ultimately responsible for the 
Management of the Environmental Sub‐Division. Gerda has experience in 
project and client management, financial management and the 
compilation and costing of project proposals and tenders. She has been 
involved in several engineering projects as the Environmental 
Assessment Practitioner as well as the Environmental Control Officer 
during construction working closely with the Occupational Health and 
Safety Officer. Gerda has also been involved in projects where waste 
licensing as well as water use licensing processes formed an integral part 
of the services offered. Environmental auditing and compliance 
monitoring of waste disposal sites also forms part of her experience 
gained. She also has experience in dealing with projects which involve 
NEC3 Contracts, the Equator Principles and World Bank IFC Principles. 

Gerda has specialist skills in the following areas: 
• Project proposals, planning, costing and timing
• Project and Client Management
• Authority Liaison
• Basic Assessments & Scoping/EIA Processes
• Amendment of EA’s & EMP’s
• S24G Applications
• Facilitation of Public Participation Processes & Stakeholder

Engagement
• IWULA & IWWMP Applications
• Environmental Control Officer (ECO) duties
• Environmental Compliance Auditing (IFC Performance Standards &

Equator Principles)
• Mentorship & Guidance
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Period Employer Position Role/ Responsibility 

2019 to 
Current 

GCS Water and 
Environment (Pty) Ltd Environmental Unit Manager 

Management of the environmental unit in the Durban Office. Management of 
applications for rectification in terms of Section 24G of the EIA Regulations, 
undertaking basic environmental assessment and full Scoping & EIR applications in 
terms of the Regulations. Management of Integrated Water Use License Applications 
in terms of the NWA. Undertaking of environmental compliance audits for various 
construction projects as well as environmental legal audit reviews and 
environmental due diligence investigations. 

2018 to 2019 Terramanzi Group (Pty) 
Ltd Senior Environmental Consultant 

Management of the environmental unit within the Terramanzi Group. Management 
of applications for rectification in terms of Section 24G of the EIA Regulations, 
undertaking basic environmental assessment and full Scoping & EIR applications in 
terms of the Regulations. Undertaking of environmental compliance audits for 
various construction projects as well as environmental legal audit reviews and 
environmental due diligence investigations. 

2014 to 2017 GIBB (Pty) Ltd Senior Environmental Scientist 

Management of applications for rectification in terms of Section 24G of the EIA 
Regulations, undertaking of basic environmental assessment and full Scoping & EIR 
applications in terms of the Regulations. Management of Integrated Water Use 
License Applications in terms of the NWA. Undertaking of environmental compliance 
audits for various construction projects as well as environmental legal audit reviews 
and environmental due diligence investigations. 

2011 to 2013 WorleyParsons RSA 
Senior Environmental Scientist & 
Durban Department Head 
Environment 

Management of the environmental unit in the Durban Office. Management of 
applications for rectification in terms of Section 24G of the EIA Regulations, 
undertaking of basic environmental assessment and full Scoping & EIR applications 
in terms of the Regulations. Management of Integrated Water Use License 
Applications in terms of the NWA. Undertaking of environmental compliance audits 
for various construction projects as well as environmental legal audit reviews and 
environmental due diligence investigations. 

2003 to 2011 KV3 Engineers Senior Environmental Scientist 
Management of applications for exemption from compliance with the EIA 
Regulations, undertaking of basic environmental assessment applications, as well as 
full environmental impact assessment applications. 

2000 to 2003 
Gauteng Department of 
Agriculture, Conservation 
& Environment 

Assistant Director:  Waste 
Management Division 

Project management and environmental management pertaining to all 
developments within a designated area in Gauteng Province. Review of EIAs, 
formulation of comments and or authorisations within  designated area in Gauteng 
Province. Liaison with waste contractors, industries and others.  Management of 
legal interventions required in terms of environmental legislation within a 
designated area. Supporting environmental officers at all levels in terms of 
technical and environmental guidance, input into strategic decisions, resolving 
complex and potentially challenging issues. 

1999 to 2000 
Gauteng Department of 
Agriculture, Conservation 
& Environment 

Senior Environmental Officer: 
Waste Management Division 

1997 to 1999 
Gauteng Department of 
Agriculture, Conservation 
& Environment 

Environmental Officer: Waste 
Management Division 

1996 Spartan Private School Teacher:   Natural Science & 
Biology Teacher in Biology and Natural Science for Grades 7 to 12. 
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Year Client Project Description Role/ Responsibility 
Strategic and Environmental Guidance Projects 

1999 to 2003 
Gauteng Department of 
Agriculture, Conservation & 
Environment 

Development of a Health Care Risk Waste Management Strategy for Gauteng. Part of Development 
Team 

2001 to 2003 
Gauteng Department of 
Agriculture, Conservation & 
Environment 

Development of Minimum Domestic Waste Collection Standards for Gauteng Province. Part of Development 
Team 

2002 
Gauteng Department of 
Agriculture, Conservation & 
Environment 

Development of new EIA guidelines and regulations for the Gauteng Province. Part of Development 
Team 

2005 
Gauteng Department of 
Agriculture, Conservation & 
Environment 

GDACE Green Procurement Project: Development of the GDACE Green Procurement Policy, 
Gauteng 

Project Manager & 
Reviewer 

2008 GAUTRAIN Project Engineers 
(i.e. KV3 Engineers) 

Environmental Assistance for the Gautrain Project:  Environmental Evaluation of various 
documentation and engineering designs in terms of their environmental compliance. 

Project Manager & 
Reviewer 

2009 Department of 
Environmental Affairs 

Alignment of MIG Project Process with EIA Process: Evaluation of the EIA process as well as 
the MIG process in order to produce a process alignment guideline to the municipalities to 
streamline the two processes. 

Part of Development 
Team 

2021 CoalTech Development of “A Manual for the Authorisation of Pitlakes as a Closure Option for South 
African Coal Mines” 

Part of Development 
Team 

Environmental Feasibility and Screening 

2008 Nu Way‐property 
Developments 

Management of Environmental Screening and Due Diligence Assessment for several proposed 
Nu Way‐property Developments, Gauteng.  Project Manager 

2008 Department of Water Affairs Mokolo Croc WAP Environmental Feasibility and Screening, Limpopo. 

Project Manager & 
Senior Environmental 
Assessment Practitioner 
(EAP) 

2016 Kwadukuza Municipality Environmental Feasibility for Civil Engineering Project Foxhill 
Road Alignment and Construction, Tongaat, Kwa‐Zulu‐Natal. 

Environmental Project 
Leader 

2016 
King Sabata Dalindyebo 
Local Municipality (C/O OR 
Tambo District Municipality) 

Environmental Screening Investigation of six proposed development corridors for the Mthatha 
Bulk Water Infrastructure Presidential Intervention – Phase 2: Secondary Bulk Infrastructure 
project. 

Environmental Project 
Leader 

2019 to 2020 Phumaf Holdings (Pty) Ltd 
Environmental Screening for various sites within Ekhurhuleni Municipality as part of the 
Gauteng Rapid Land Release Programme (GRLRP) project for the Provincial Department of 
Human Settlements 

Project Manager & 
Senior EAP 
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Year Client Project Description Role/ Responsibility 
Environmental Opinions & Appeals 

2019 to 2020 Tendele Coal Environmental Review Report for the Somkhele Anthracite Mine (MR 10041) High Court Case 
Number 82865. 

Project Manager & 
Senior EAP 

2022 CNG Holdings Environmental Opinion regarding the Environmental Legislative Requirements for the 
proposed Compressed Natural Gas Motherstation in Avoca, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2021 to 2022 Tendele Coal Environmental support to the Somkhele Anthracite Mine for the IWULA Appeals Process. Project Manager & 
Senior EAP 

Development Environmental Assessments 

2003 to 2005 ABSA DevCO Environmental Impact Assessment for a change of land‐use from agricultural to Residential 
and Town Development of the farm Brakfontein 399 JR, Centurion, Gauteng. 

Project Manager & 
Senior EAP 

2005 to 2010 Air Traffic Navigation 
Services (ATNS) 

The project entails the upgrading of existing, and the provision of new air navigation sites 
(27 in total) throughout South Africa. Civil and electrical infrastructure to the sites needed 
to be upgraded to accommodate the equipment. Various Environmental Impact Assessments 
for various individual projects in various provinces within South Africa. 

Project Manager & 
Senior EAP 

2006 to 2009 Amathole District 
Municipality 

Elliotdale Rural Sustainable Human Settlement Pilot Project Environmental Impact 
Assessment. Responsible for the environmental assessment process which was based on a 
strategic approach for the Elliotdale Rural Housing Project, Elliotdale, Eastern Cape. 

Project Manager & 
Senior EAP 

2007 Elkem Ferroveld Environmental Basic Assessment for the upgrading and expansion of the Ferroveld Plant in 
Ferrometals, Emahlaheni, Mpumalanga. 

Project Manager & 
Senior EAP 

2008 ABSA DevCO Environmental Impact Assessment for a change in land use from agricultural to Residential 
and Town development of Montana X40, Pretoria, Gauteng. 

Project Manager & 
Senior EAP 

2012 Transnet Capital Projects 
Environmental Basic Assessment and technical environmental investigations for the proposed 
expansion of the existing tug jetty and construction of a new tug jetty for Transnet Capital 
Projects in the Port of Durban, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2014 to 2016 Dube TradePort Environmental Impact Assessment for the proposed construction of the Dube TradePort 
TradeZone 2 in La Mercy, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2014 to 2017 Dube TradePort Environmental Impact Assessment for the proposed Support Precinct 2 Development in La 
Mercy, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2016 to 2017 Areena Resort 
Application for rectification in terms of S24G and associated Environmental Basic Assessment 
for the alleged unlawful construction activities at the Areena Resort, Great Kei Municipality, 
Eastern Cape. 

Project Manager & 
Senior EAP 

2016 to 2017 Areena Resort 
Application for rectification in terms of S24G and associated Environmental Basic Assessment 
for the alleged unlawful construction activities on Hillsdrift Farm, Great Kei Municipality, 
Eastern Cape. 

Project Manager & 
Senior EAP 

2018 to 2019 Watchman Properties (Pty) Environmental Basic Assessment for the proposed Vendome Residential Development on Project Manager & 
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Year Client Project Description Role/ Responsibility 
Ltd Portion 1 of Farm 1766 and Portion 2 of Farm 1766, Paarl, Western Cape, South Africa. Senior EAP 

2018 to 2019 Keysha Investments 213 
(Pty) Ltd 

Environmental Basic Assessment for the proposed River Farm Estate Development and 
associated infrastructure on remainder of farm Rivierplaas No. 1486, Erf 111 and Erf 197, 
Paarl, Western Cape, South Africa. 

Project Manager & 
Senior EAP 

2018 to 2019 Paarl Vallei Developments 
(Pty) Ltd 

Environmental Basic Assessment for the proposed Paarl Valleij Retirement Village 
Development, Paarl, Western Cape, South Africa. 

Project Manager & 
Senior EAP 

2018 to 2019 Val de Vie Investments (Pty) 
Ltd 

Parallel Substantive Amendment Application process for the authorised Pearl Valley II & 
Levendal Residential Developments, Paarl, Western Cape, South Africa. 

Project Manager & 
Senior EAP 

2019 to 2021 Phumaf Holdings (Pty) Ltd 

Environmental Services for: 
• Full Environmental Impact Assessment for the proposed Unitas Park Ext 16 Mixed Use 

Development; 
• Basic Environmental Impact Assessment for the proposed Evaton West F Mixed Use 

Development; and 
• Basic Environmental Impact Assessment for the proposed Evaton West I Mixed Use 

Development. 

Project Manager & 
Senior EAP 

Renewable Energy Environmental Assessments 

2011 Farmsecure Carbon Environmental Basic Assessment and Water Use License Application process for a proposed 
Biogas Waste to Energy project for a pig farm, Mooiriver, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2018 to 2019 GPIPD – Doornfontein Solar 
Farm (Pty) Ltd 

Environmental Impact Assessment for the proposed 230 MW Doornfontein Photovoltaic Solar 
Energy Facility (PVSEF) located on Remainder of Farm 118, Doornfontein, Piketberg, 
Bergrivier Local Municipality, Western Cape. 

Project Manager & 
Senior EAP 

2018 to 2019 GPIPD – Kruispad Solar Farm 
(Pty) Ltd 

Environmental Impact Assessment for the proposed 150 MW Kruispad Photovoltaic Solar 
Energy Facility (PVSEF) located on Remainder of Farm 120, Kruispad, Piketberg, Bergrivier 
Local Municipality, Western Cape. 

Project Manager & 
Senior EAP 

2018 to 2019 Brandvalley Wind Farm (Pty) 
Ltd 

Part 2 Amendment Application for the authorised 140 MW Brandvalley Wind Energy Facility 
(WEF) located within the Karoo Hoogland, Witzenberg and Laingsburg Local Municipalities in 
the Northern and Western Cape Provinces. 

Project Manager & 
Senior EAP 

2018 to 2019 Copperton Wind Farm (Pty) 
Ltd 

Non‐Substantive Amendment Application to update the information of the Holder of the 
Environmental Authorisation & an EMPr Amendment Process to update the Airstrip Alignment 
and to provide an updated “outcomes based” EMPr for the Copperton Wind Energy Facility 
near Copperton in the Northern Cape. 

Project Manager & 
Senior EAP 

2018 to 2019 WKN Windcurrent SA (Pty) 
Ltd 

Environmental Impact Assessment for the proposed 150 MW Haga Haga Wind Energy Facility 
(WEF) & Environmental Basic Assessment for the associated Haga Haga Overhead Powerline 
(OHPL) in Haga Haga, Great Kei Local Municipality, Eastern Cape. 

Project Manager & 
Senior EAP 
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Year Client Project Description Role/ Responsibility 

2021 to 2022 Cennergi Holdings 
Environmental Impact Assessment and Water Use License Application (GA) process for the 
proposed 100MW Lephalale Solar Plant located mainly on the Farm Appelvlakte 448 within 
the Lephalale Local Municipality, Limpopo. 

Project Manager & 
Senior EAP 

Mining Environmental Assessments 

2007 Chris Hani Municipality 
Environmental Assessment and DME Licence Application on behalf of Chris Hani Municipality. 
Responsible for exemption application from Mining Permit and Environmental Management 
Programmes for 17 borrow pits in Middelburg, Eastern Cape. 

Project Manager & 
Senior EAP 

2010 Samancor Chrome Limited 
The Lwala Greenfields Mine and Smelter EIA and EMP. Responsible for the Environmental 
impact assessment and technical investigations for the waste management issues for the 
proposed development of a new chrome smelter project in the Steelpoort area, Limpopo. 

Project Manager & 
Senior EAP 

2011 Xtrata Alloys 

Xtrata Alloys Western Mines PSV application for authorization in terms of the MPRDA. 
Responsible for the undertaking of the EIA and compilation of the amended EMPr and 
technical environmental investigations for the proposed development of an open cast mine in 
Rustenburg, North West. 

Project Manager & 
Senior EAP 

2019 to 2021 Harmony Gold 
Environmental Assessment process to obtain environmental authorisation for the proposed 
expansion of the existing Kareerand Tailings Storage Facility, Dr Kenneth Kaunda District 
Municipality, North‐West Province. 

Project Manager & 
Senior EAP 

2019 to 2021 Zululand Anthracite Colliery Environmental Basic Assessment for the proposed New Mngeni Adit & Associated 
Infrastructure, Mandlakazi Traditional Authority, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2021 to 2022 Sibanye‐Stillwater Part 2 Amendment Application for the approved Burnstone Gold Mine EA/EMPr located near 
Balfour within the Dipalaseng Local Municipality, Mpumalanga. 

Project Manager & 
Senior EAP 

2021 to 2022 Exxaro Resources Section 34 EMPr Amendment Application for the approved Grootegeluk Mine EMPr located 
near Lephalale within the Lephalale Local Municipality, Limpopo. 

Project Manager & 
Senior EAP 

2021 to 2022 Northam Platinum 

Part 2 Amendment Applications for the Booysendal Mine located near Lydenburg, across both 
Mpumalanga and Limpopo provices: 

• Booysendal North Mine: New Emergency Escape Portal and two new Ventilation 
Shafts and associated Infrastructure; and 

• Booysendal South Mine: New Ventilation Shafts and associated infrastructure. 

Project Manager & 
Senior EAP 

Waste Management Environmental Assessments 

2003 Assmang Chrome 
Machadodorp 

Environmental Impact Assessment for the permitting of the H:H Hazardous Waste Disposal 
Facility at Assmang Chrome, Machadodorp. Senior EAP 

2004 Emfuleni Local Municipality Environmental Impact Assessment for the closure of the Zuurfontein Landfill site for the 
Emfuleni Local Municipality, Sedibeng, Gauteng Senior EAP 

2004 Ekurhuleni Municipality Environmental Impact Assessment for the closure of the Sebenza Landfill Site for the 
Ekurhuleni Municipality, Gauteng. Senior EAP 
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2004 Tzaneen Local Municipality Application for authorisation and EIA for the permitting of an existing solid waste disposal 
site for the Tzaneen Local Municipality, Mpumalanga. Senior EAP 

2006 Samancor Chrome 
Middelburg 

Environmental Basic Assessment for the permitting of the existing Slag Waste Disposal facility 
for Samancor Chrome Middelburg, Mpumalanga. Senior EAP 

2006 Samancor Chrome 
Ferrometals 

Environmental Basic Assessment for the permitting of the existing Slag Waste Disposal facility 
for Samancor Chrome Ferrometals Witbank, Mpumalanga. Senior EAP 

2007 Steve Tshwete Municipality Environmental Impact Assessments for four Solid waste Transfer Stations for the Steve 
Tshwete Municipality, Mpumalanga. Senior EAP 

2008 Assmang Chrome 
Machadodorp 

Environmental Impact Assessment for the expansion of the existing Slag Waste Disposal 
Facility at Assmang Chrome. Responsible for the EIA application for authorization for the 
proposed expansion project in Machadodorp, Mpumalanga. 

Project Manager & 
Senior EAP: 

2010 ArcelorMittal ArcelorMittal BOF Slag Disposal site licensing of new site and closure of old site, Newcastle, 
KwaZulu‐Natal. 

Project Manager & 
Senior EAP: 

2010 Lekwa Municipality 
Waste Management License Application for authorization and the conducting of an EIA and 
technical environmental investigation for the proposed development of two landfill sites for 
the Lekwa Municipality, Mpumalanga. 

Project Manager & 
Senior EAP: 

2015 to 2017 Umgungundlovu Municipality 
Advanced Solid Waste Management Project for Umgundgundlovu Municipality for proposed 
Materials Recovery Facilities located in various Local Municipalities, Umgungundlovu 
Municipality, KwaZulu‐Natal. 

Project Manager & 
Senior EAP: 

2019 to 2022 Buffalo Coal Magdalena Colliery Waste Management License Application, Dundee, KwaZulu‐Natal. Project Manager & 
Senior EAP: 

Water and Wastewater Environmental Assessments 

2004 Msukaligwa Municipality Environmental Impact Assessment for the installation of a water reticulation system at 
Nganga for the Msukaligwa Municipality, Mpumalanga. Senior EAP 

2006 to 2010 eThekwini Municipality: 
Water and Sanitation 

Proposed upgrading of the WWTW capacity in the Northern Areas of the eThekwini 
Municipality. Responsible for EIA application for authorization, technical environmental 
investigations, and waste management license application for the proposed expansion of the 
WWT capacity in Northern eThekwini, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2008 Johannesburg Water 
Environmental Management Services for Johannesburg Water: Environmental Impact 
Assessment (Exemption) for various individual projects related to the upgrading of the 
Bryanston Water Mains, Gauteng. 

Project Manager & 
Senior EAP 

2014 to 2017 eThekwini Municipality: 
Water and Sanitation 

Environmental Basic Assessment and Water Use License Application for the Northern 
Aqueduct Water Augmentation Project (Phase 5), Durban, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

Electrical and Linear Environmental Assessments 
2005 Magallies Water Application for (exemption) authorisation on behalf of Magallies Water for the installation of Senior EAP 
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the Rising Main from the Roodeplaat Waterworks to the Wallmannsthal Reservoir, in 
Wallmannsthall, Gauteng. 

2010 Moloto Rail Corridor 
Development 

EIA for the Moloto Rail Corridor Development. Responsible for the EIA application for 
authorization and technical environmental investigations for the proposed Moloto Rail 
Corridor Development, Moloto, Gauteng. 

Project Manager & 
Senior EAP 

2010 ESKOM Environmental Basic Assessment of for the ESKOM Honingklip 88kV & ESKOM Randjiesfontein 
88kV overhead line and Sub‐Stations, Johannesburg, Gauteng. 

Project Manager & 
Senior EAP 

2010 ESKOM Environmental Basic Assessment of for the ESKOM Ubertas Strategic Servitude Sub‐Station, 
Johannesburg, Gauteng 

Project Manager & 
Senior EAP 

2014 to 2017 Msunduzi Municipality Environmental Impact Assessment for the proposed Msunduzi IRPTN project, 
Pietermaritzburg, KwaZulu‐Natal 

Project Manager & 
Senior EAP 

Environmental and Waste Management Compliance Monitoring and Auditing 

2005 to 2009 Sedibeng District 
Municipality 

Auditing of Zuurfontein and Boitshepi Landfill sites for the Sedibeng District Municipality, 
Gauteng.  Part of Audit Team 

2006 to 2009 ABSA DevCO 
Environmental Compliance monitoring in accordance with relevant authorisation conditions 
and environmental management plans for the Amberfield Development on the farm 
Brakfontein 399 JR, Centurion, Gauteng. 

Project Manager & 
Environmental Control 
Officer (ECO) 

2007 to 2009 ABSA DevCO 
Environmental Compliance monitoring in accordance with relevant authorisation conditions 
and environmental management plans for the Zambezi Estate Development, Montana, 
Gauteng. 

Project Manager & ECO 

2008 to 2009 Steve Tshwete Municipality Auditing of Middelburg Landfill Site for the Steve Tshwete Municipality, Mpumalanga.  Part of Audit Team 

2008 to 2009 ABSA DevCO 
Environmental Compliance monitoring in accordance with relevant authorisation conditions 
and environmental management plans for the Cedar Creek Development, Fourways, 
Gauteng. 

Project Manager & ECO 

2017 to 2018 Dube TradePort 
Environmental Compliance monitoring in accordance with relevant authorisation conditions 
and environmental management plans for the construction of TradeZone 2, Dube TradePort, 
La Mercy, KwaZulu‐Natal. 

Project Manager & ECO 

2017 Richards Bay Minerals 
Environmental Legal Compliance Audit to determine the level of compliance of Richards Bay 
Minerals’ to their various mining, water and waste licenses and environmental authorisations 
and permits, Richards Bay, KwaZulu‐Natal. 

Project Manager & 
Environmental Auditor 

2017 to 2018 eThekwini Municipality 
Environmental Compliance monitoring in accordance with relevant authorisation conditions 
and environmental management plans for the construction of the Northern Aqueduct Phase 
5, Durban, KwaZulu‐Natal. 

Project Manager & ECO 

2019 Buffalo Coal Annual EMPr and WUL audits for Coalfields, Aviemore and Magdalena Operations, Dundee, 
KwaZulu‐Natal. 

Project Manager & Lead 
Auditor 
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2020 Buffalo Coal Annual EMPr and WUL audits for Coalfields, Aviemore and Magdalena Operations, Dundee, 
KwaZulu‐Natal. 

Project Manager & Lead 
Auditor 

2020 Samancor Eastern Chrome 
Mines 

Annual Performance Assessment Audits for the following mines in Limpopo: 
• Doornbosch, Steelpoort and Montrose Mines; 
• Quartz Mine; 
• Lwala Mine; 
• Lannex Mine; 
• Spitskop Mine; and 
• Tweefontein Mine. 

Project Manager & 
Technical Review 

2020 ESKOM ESKOM Biennial PCB Phase‐out Compliance Audit, various sites within South Africa. Project Manager & Lead 
Auditor 

2020 ESKOM Majuba Power Station Legal Compliance Audit, Volksrust, Mpumalanga. Project Manager & Lead 
Auditor 

2021 Zululand Anthracite Colliery Annual IWUL Audit for 2020, Mandlakazi Traditional Authority, KwaZulu‐Natal Project Manager & 
Technical Review 

2021 ESKOM Kendal Power Station Legal Compliance Audit, eMalahleni Local Municipality, Mpumalanga. Project Manager & Lead 
Auditor 

2021 Coalition Trading External Compliance Audit for the Humberdale Landfill Site, in terms of the Waste 
Management Permit, KwaZulu‐Natal 

Project Manager & 
Auditor 

2021 Tronox KZN Sands (Pty) Ltd NEM: WA Norms and Standards External Waste Compliance Audit for the Tronox Central 
Processing Complex located in Empangeni, KwaZulu‐Natal 

Project Manager & Lead 
Auditor 

Integrated Water Use License Applications 

2010 FOSKOR Integrated Water Use License Application for a new storage dam for FOSKOR, Richards Bay, 
KwaZulu‐Natal. Part of Project Team 

2014 to 2015 SANRAL Integrated Water Use License Applications as required for the 
proposed SANRAL N2 Road upgrade from Mthunzini to Empangeni, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2014 eThekwini Municipality: 
Roads 

Integrated Water Use License Application for the proposed Realignment of Inanda Arterial 
Road, Durban, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2015 to 2017 SMEC 
(Umzimkulu Municipality) 

Integrated Water Use License Application for the proposed Licensing of the existing 
Umzimkhulu Waste Water Treatment Works, Umzimkhulu, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2014 to 2016 eThekwini Municipality: 
Roads 

Water Use License Application for the proposed eThekwini BRT Route C1A, Durban, 
KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2019 to 2020 Zululand Anthracite Colliery Integrated Water Use License Application for the new Mngeni Adit and associated 
infrastructure, Mandlakazi Traditional Authority, KwaZulu‐Natal. 

Project Manager & 
Senior EAP 
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Year Client Project Description Role/ Responsibility 

2019 to 2021 South32 SA Coal Holdings Integrated Water Use License Application for the Roy Point Mine, Newcastle, KwaZulu‐Natal. Project Manager & 
Senior EAP 

2020 to 2022 Buffalo Coal Integrated Water Use License Amendment Application for the Magdalena Colliery, Dundee, 
KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

2020 to 2022 Buffalo Coal Integrated Water Use License Application for the Coalfields Processing Plant, Dundee, 
KwaZulu‐Natal. 

Project Manager & 
Senior EAP 

Management and Master Plans 

2005 Livingstone Municipality Development of the Livingstone Integrated Development Plan, Zambia. Part of the Project 
Team 

2008 Steve Tshwete Municipality Development of an Integrated Waste Management Plan for the Steve Tshwete Municipality, 
Mpumalanga. 

Part of the Project 
Team 

2008 Kungwini Local Municipality Development of an EMP (Framework) for Kungwini Local Municipality, Mpumalanga. Part of the Project 
Team 

2010 KZN Department of Public 
Works – Southern Region 

Compilation of an Environmental Management Plan for the Fort Napier sewage upgrading 
project, Pietermaritzburg, Kwa‐Zulu Natal. 

Project Manager & 
Senior EAP 
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APPENDIX B: SOIL INVESTIGATIONS 
1. Soil, land capability and land use assessment of the area to be affected by the 

construction of a cyclic operated coal slurry pond on the footprint of the existing 
slimes dam 3 of Grootegeluk Mine, Limpopo Province (Rehab Green, November, 2011) 

2. Soil, land capability and land use assessment of the area to be affected by proposed 
infrastructure of Grootegeluk Mine’s new main entrance (Rehab Green, March 2012) 

3. Grootegeluk Colliery Backfill Project Materials Classification (ESS, August 2010) 
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I EXECUTIVE SUMMARY 
 
Grootegeluk Mine, situated approximately 17 km west of Lephalale (Figure 1), intend to 
build a cyclic operated coal slurry pond system to reduce the mine’s waste and increase 
the utilization of the coal resource by selling all the conventional fines to Eskom. 
 
Approximately 900 000 dry tons of coal slurry per year, are pumped from the coal 
beneficiation plants at Grootegeluk Mine to the conventional tailings dam (Dams no 1 
& 2 – Refer to Figure 2). This facility will reach end of life by December 2012 due to 
the increased rate of rise. 
 
Since 2004 coal fines have been reclaimed from two other full dams (Dam 3 and 5) 
at a rate of 325 000 dry tons per year and blended into the coal stream to the 
Matimba power station. A maximum volume of 525 000 tons of slurry (3.5% of the 
coal stream to Matimba) can be reclaimed and sold per annum. There is no other 
market developed or envisaged in the near future for these coal fines. 
 
By the end of 2011 the reclaimable fines from old slurry deposits will be exhausted as 
the two old dams will be cleared out. The moisture content of the slurry deposited on 
the main facility makes it impossible to do any reclamation until the slurry has 
sufficiently dried out, which is a slow process. 
 
Environmental legislation prevents any further use of the old dams for storage of 
slurry after they are cleared out, as they are unlined. A specially designed storage 
and reclamation facility will comply with the legislation regarding the storage of mine 
waste. To minimise the impact on the environment (disturbing natural areas) the 
position of the new facility will be on the footprint of the old Dam no 3 (Figure 2). 
 
The cyclic operated coal slurry pond system (refer to Figure 2) will consist of 4 
ponds, which will be in different phases of operation and drying out, to ensure that 
reclaiming proceeds continuously and uninterrupted. An 80 000 m3 return water dam 
will return the water back to the plant process water via a new pipeline. 
 
Reclaiming of fines from the facility will initially be by diesel operated tipper trucks 
and front end loaders. The planned construction of a conveyor belt system will in 
future blend the reclaimed fines with the Matimba dispatching conveyor belt system. 
 
Rehab Green Monitoring Consultants cc conducted a detailed soil, land capability and 
land use assessment of the areas likely to be affected by the proposed structures.  The 
soil assessment was conducted during October 2011 in order to: 
  
• Classify and map soil forms within the proposed cyclic operated coal slurry pond 

infrastructure footprint according to the South African Taxonomic Soil 
Classification System, 1991; 

• Derive and map land capability based on soil properties; 
• Map all pre-mining and current land uses; 
• Compile a soil stripping and stockpiling plan with rehabilitation guidelines; 
• Identify soil properties related to wetness to enable the delineation of zones with 

similar degrees of wetness categorized in permanent, seasonal or temporary 
wetland zones based on guidelines of the Department of Water Affairs; 

• Locate a 100 m buffer line along the outer edge of wetlands; and 
• Determine all possible impacts by the proposed operation and provide associated 

mitigation measures. 
 



 6

 
   

CONCLUSION 
 
Soils and land capability (Study area) 
 
The study area excludes the existing slimes dams and includes a zone varying from 50-
270 m around the slimes dams. Approximately 97% of the study area consist of well-
drained, red and brownish yellow, sandy to loamy sand soils with grazing land 
capability and moderate-low agricultural potential, dominated by the Hutton, Clovelly 
and Augrabies soil forms, symbolized as soil types Hu1, Cv1 and Ag as shown on the 
soil map Figure 3 and the land capability map, Figure 4. 
 
Approximately 3% of the study area consists of a borrow pit of which the land capability 
were classified as wilderness land. 
 
Land use 
 
The entire study area was used for grazing purposes prior to the existence of 
Grootegeluk Mine. The entire study area is currently vacant and is not utilized for any 
specific land uses. 
 
Wetlands 
 
No wetlands occur in the study area. 
 
Impact assessment 
 
Soil stripping and replacing, no matter whether it is stockpiled or immediately replaced, 
will always have a high potential degrading impact on soil, post-mining land capability 
and land use. Poor rehabilitation generally leads to the large scale deterioration from 
pre-mining to post-mining land capability or agricultural potential. The degree of 
degradation will always depend on the precise execution, management and 
monitoring of the rehabilitation procedures.  
 
In practice, this means that good proposed rehabilitation procedures do not 
automatically manifest in good rehabilitation and subsequent land capability. The 
responsible parties must ensure that rehabilitation is executed precisely according to 
the required specifications and standards; and to ensure success it has be 
progressively monitored by a competent specialist. 
 
The importance of the soil properties of the different soil horizons and function of the soil 
horizon sequences (A and B-horizons) are described in section 6.1 and 6.2.  Should the 
reconstruction of the A and B-horizons in their original sequence be ignored, it is highly 
likely that the post-miming land capability will deteriorate with 50  to 90%, even if a 
sufficient soil thickness is replaced. 
 
The impacts in terms of soil and subsequent land capability and land use (Table 11 and 
12) were evaluated and were rated as high without mitigation. The impact after 
mitigation is hard to predict because it is solely dependant on the quality of 
rehabilitation. The impacts can however be mitigated to acceptable levels if the 
rehabilitation procedures in sections 7.1.1 and 7.3.1 are executed precisely and 
progressively monitored by a competent third party. 
 
Conditions and declaration 
 
Rehab Green cc declare that with proper execution of rehabilitation procedures 
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described in sections 7.1.1 and 7.3.1 the impact on soils and subsequent land capability 
and land use can be minimized to acceptable levels. From a soils point of view the 
project can therefore be supported on condition that all the recommended monitoring 
actions in section 9.1 are executed during the construction and decommissioning 
phases; and where applicable are maintained for the entire operational phase. 
 
RECOMMENDATIONS 
 
Monitoring actions 
 
In order to guarantee successful rehabilitation, the procedures in sections 7.1.1 and 
7.1.3 need to be executed precisely and the following needs to be monitored. 
 

• Stripping of soil types at stripping depths as specified in section 7.1.1 and Table 
10; 

• Stockpiling of the A-horizon as described in section 7.1.1; 
• Backfilling of the dam footprint similar to the pre-mining topography and 

elevation;  
• Replacing of topsoil as specified in section 7.1.3 and Table 10;  
• Amelioration of soil after replacement (before seeding and re-vegetation) 

according to fertility analysis;  
• Re-vegetation of rehabilitated footprint as soon as possible with a grass mixture 

dominated by local climax species such as Digitaria eriantha and Panicum 
maximum; 

• Monitoring of soil erosion on the rehabilitated footprint and remediation if 
necessary until the area can be declared as stabilized and self sustaining; and 

• A post-mining soil depth and land capability evaluation by a soil specialist 
registered at the Council for Natural Scientific Professions (SACNASP) in order 
to map the final post-mining land capability which will be used for closure 
purposes. 
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1. INTRODUCTION 
 
1.1 Project background 
 
Grootegeluk Mine, situated approximately 17 km west of Lephalale (Figure 1), intend to 
build a cyclic operated coal slurry pond system to reduce the mine’s waste and increase 
the utilization of the coal resource by selling all the conventional fines to Eskom. 
 
Approximately 900 000 dry tons of coal slurry per year, are pumped from the coal 
beneficiation plants at Grootegeluk Mine to the conventional tailings dam (Dams no 1 
& 2 – Refer to Figure 2). This facility will reach end of life by December 2012 due to 
the increased rate of rise. 
 
Since 2004 coal fines have been reclaimed from two other full dams (Dam 3 and 5) 
at a rate of 325 000 dry tons per year and blended into the coal stream to the 
Matimba power station. A maximum volume of 525 000 tons of slurry (3.5% of the 
coal stream to Matimba) can be reclaimed and sold per annum. There is no other 
market developed or envisaged in the near future for these coal fines. 
 
By the end of 2011 the reclaimable fines from old slurry deposits will be exhausted as 
the two old dams will be cleared out. The moisture content of the slurry deposited on 
the main facility makes it impossible to do any reclamation until the slurry has 
sufficiently dried out, which is a slow process. 
 
Environmental legislation prevents any further use of the old dams for storage of 
slurry after they are cleared out, as they are unlined. A specially designed storage 
and reclamation facility will comply with the legislation regarding the storage of mine 
waste. To minimise the impact on the environment (disturbing natural areas) the 
position of the new facility will be on the footprint of the old Dam no 3 (Figure 2). 
 
The cyclic operated coal slurry pond system (refer to Figure 2) will consist of 4 
ponds, which will be in different phases of operation and drying out, to ensure that 
reclaiming proceeds continuously and uninterrupted. An 80 000 m3 return water dam 
will return the water back to the plant process water via a new pipeline. 
 
Reclaiming of fines from the facility will initially be by diesel operated tipper trucks 
and front end loaders. The planned construction of a conveyor belt system will in 
future blend the reclaimed fines with the Matimba dispatching conveyor belt system. 
 
Rehab Green Monitoring Consultants cc conducted a detailed soil, land capability and 
land use assessment of the areas likely to be affected by the proposed structures.  The 
soil assessment was conducted during October 2011. 
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Figure 1: Regional setting of Grootegeluk Mine’s slurry ponds 
 
1.2 Assumptions 
 
No assumptions apply to this study. 
 
2. STUDY AIMS AND OBJECTIVES 
 
The aim of the study was to conduct a detailed soil assessment in order to: 
• Classify and map soil forms within the possible affected areas according to the 

South African Taxonomic Soil Classification System, 1991; 
• Derive and map land capability based on soil properties; 
• Map all pre-mining and current land uses; 
• Compile a soil stripping and stockpiling plan with rehabilitation guidelines; 
• Identify soil properties related to wetness to enable the delineation of zones with 

similar degrees of wetness categorized in permanent, seasonal or temporary 
wetland zones based on guidelines of the Department of Water Affairs; 

• Locate a 100 m buffer line along the outer edge of wetlands; and 
• Determine all possible impacts by the proposed operation and provide associated 

mitigation measures. 
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The study provides input to the Environmental Impact Assessment (EIA) as required in 
terms the Mineral and Petroleum Resources Development Act (MPRDA), Act 28 of 
2002 and the National Environmental Management Act (NEMA), Act 107 of 1998. The 
Acts require that pollution and/or degradation of the environment is to be avoided, or 
where either aspect cannot be avoided, is to be minimized and remedied.  
 
3. STUDY AREA AND KEY COMPONENTS OF THE OPERATION 
 
The study area, demarcated in yellow in Figure 2, comprises a zone of 50-270 m wide, 
surrounding the number 1&2, 3 and 5 slimes dams at Grootegeluk Mine, situated on 
portion 1 and the remaining extent of the farm Appelvlakte 448-LQ. The area assessed 
covers a total of 118 ha.  
  

 
 
The study area is characterized by very gently sloping midslopes (approximately 1% 
slopes) dominated by deep, brownish yellow to yellowish red sandy soils. No streams, 
rivers or drainage zones occur in the study area. A borrow pit occurs on the northern 
edge of slimes dam 3, covering 3.16 ha. 
 
Existing structures are the slimes dams (dams 1&2, 3 and 5), a return water dam, a 
cement dam, a return water pipeline, slimes pipeline and access road (see existing 
infrastructure, Figure 2). 
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New proposed infrastructure are 4 cyclic pools on the existing dam 3 footprint, a return 
water dam, a connection pipeline, drainage pipeline, contractors camp and 5 options for 
proposed topsoil stockpile positions (see new proposed infrastructure, Figure 2) 
 
 
4. METHODOLOGY 
 
4.1 Field preparation 
 
In order to do accurate surveying, all available data was processed with the aid of 
advanced Geographic Information System (GIS) software (ArcGIS 9.3.1). The location 
of the proposed new structures was obtained from Golder Associates (Golder) in 
shapefile format (excluding the 5 proposed topsoil stockpile position). The proposed 
structures were superimposed on a Google Earth image as well as 1:50 000 scale 
topographic sheets. A study area was generated around the existing slimes dams to 
include the footprint of the proposed structures as well as a buffer zone ranging from 
50-270 m wide.  Pre-determined field observation points were generated at intervals of 
approximately 100 m around the existing structures.  The coordinates of the observation 
points were calculated and loaded on a Geographic Positioning System (GPS) to 
accurately locate the position of the observation points in the field. Large scale field 
maps (1:5000 scale) showing the proposed study area and observation points on both 
aerial and topographic background data were printed to use during the field 
assessment.  
 
4.2 Soil classification 
 
The soils were investigated by making observations with the use of a bucket type 
auger to a maximum depth of 1500 mm, or to the depth of refusal. At each 
observation point the South African Taxonomic Soil Classification System (Soil 
Classification Working Group, 2nd edition 1991) was used to describe and classify 
the soil. The classification system categorise soil types in an upper soil Form level 
which are subdivided in a number of lower Family levels. Each soil Form (higher 
level) is defined by a unique vertical sequence of soil horizons with specific defined 
properties. The soil Families (lower level) are a subdivision of the soil Form (higher 
level) differentiated on the basis of specific characteristics such as leaching status, 
calcareousness, structure types and sizes etc. 
 
In this way, standardised soil identification and communication is allowed by use of soil 
Form names and family numbers or names e.g. Hutton 2100 or Hutton Hayfield. The 
soil Form and soil Family together are referred to as soil types.  At each auger 
observation point, the following procedure was followed to note soil properties and 
classify soils accordingly: 
 
i) Identify applicable diagnostic horizons by noting the physical properties such as: 
 

• Effective depth (depth of soil suitable for root development); 
• Colour (in accordance with Munsell colour chart); 
• Texture (refers to the particle size distribution); 
• Structure (aggregation of soil particles into structural units); 
• Mottling (alterations due to continued exposure to wetness);  
• Concretions (cohesion of minerals into hard fragments); 
• Leaching (removal of soluble constituents by percolating water); 
• Gleying ( reduction of ferric oxides under anaerobic conditions resulting in 

grey, low chroma soil colours); and 
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• Illuviation of colloidal mater from one horizon to another resulting in the 
development of grey sandy E-horizons and grey clay G-horizons. 

 
ii) Determine according to above properties the appropriate soil Form and soil Family. 
 
The soil Forms are indicated by the name and the Family by its appropriate number e.g. 
Hutton 2100. The soil Form and Family were then symbolized e.g. Hu and referred to as 
soil type Hu. The soil Form and Family were often further categorized based on 
effective soil depth, terrain unit and slope and a numerical number was added to the 
symbol e.g. Hu1.  For example, where the Hutton 2100 soil Form and Family occurs at 
an effective depth of 900-1200 mm, it was symbolized and referred to as soil type Hu1; 
and where this soil Form and Family occurs at an effective depth of 600-900 mm it was 
symbolized and referred to as soil type Hu2 (see Soil Legend, Table 2). 
 
4.3 Soil properties and characteristics 
 
Various terms in the soil legend (Table 2) are used to describe a series of soil properties 
and characteristics such as the dominant soil Form and Family, effective soil depth, 
internal drainage,  and clay content per soil horizon and texture class.  
 
4.3.1  Effective soil depth 
 
Effective soil depth can be considered as the depth freely permeable to plant roots and 
water. Effective soil depth categories used in the soil legend are as follows: 
 
Very shallow  - < 300mm 
Shallow         - 300-600 mm 
Moderately deep - 600-900 mm 
Deep   - 900-1500 mm 
Very deep  - > 1500 mm  
 
4.3.2 Internal drainage 
 
Internal drainage is the flow of water (annual precipitation) through the soil profile. Soils 
with the ability to drain annual precipitation though the profile without waterlogged 
periods within certain parts of the profile are called well-drained soils. Soils which lack 
this ability will display properties indicating temporary to permanent water logged 
conditions in parts of the soil profile in the form of mottling, leaching or gleying. 
 
Moderately well-drained soils mostly display impeded internal drainage in the lower 
profile e.g. soft plinthic horizons, which is the result of periodic fluctuating water tables 
which are characterized by mottling and accumulation of iron and manganese oxides.  
 
Imperfectly drained soils mostly display impeded internal drainage in the upper and 
lower part of the profile e.g. E and plinthic horizons, which is the result of periodic lateral 
flow of water in the profile and fluctuating water tables which are characterized by grey, 
leached, sandy horizons and mottled plinthic horizons. 
 
Poorly drained soils mostly display impeded internal drainage in the upper and lower 
part of the soil profile e.g. E, plinthic and G-horizons and are the result of long term to 
permanent wetness in the soil profile and are characterized by grey, leached, sandy 
horizons, mottled plinthic horizons and gleyed clay horizons. 
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4.3.3 Texture class 
 
Soil texture refers to the relative proportions of the various particle size separates in the 
soil. Particle sizes are defined in the following fractions. 
 
Sand – (2.0 – 0.05 mm) 
Silt – (0.05 – 0.002 mm) 
Clay – (< 0.002 mm) 
 
The relative proportions of these 3 fractions (as illustrated by the red arrows in the 
diagram below) determines 1 of 12 soil texture classes e.g. sandy loam, loam, sandy 
clay loam etc. The different texture class zones are demarcated by the thick black lines 
in the diagram. The green zone can be used as a guideline for moderate to high 
agricultural potential, but need to be evaluated together with other soil properties.  
 
 

 
 
4.4 Soil sampling and analyses 
 
The A and B or E or G-horizons (0-250 and 300-700mm) of the dominant soil types 
were sampled and analysed in the soil laboratories of the South African Institute for Soil, 
Climate and Water (ISCW). The laboratory methods, which are currently in use for 
routine analyses in South Africa, as set out in the Handbook of Standard Testing for 
Advisory Purposes (Soil Science Society of South Africa, 1990), were used.  
 
General fertility analyses were done. Soil acidity (pH) was determined in a 1:2.5 water 
solution. Extractable cations, sodium (Na), potassium (K), calcium (Ca) and magnesium 
(Mg) were determined by the ammonium acetate method. The P status (phosphorus) 
was determined by the Bray 1 method. 
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4.5  Land capability and agricultural potential classification 
 
Land capability was assessed according to the definitions of the Chamber of Mines of 
South Africa and Coaltech Research Association (Guidelines for the Rehabilitation of 
Mined land. 2007, Johannesburg). Soils types were classified accordingly into 3 
categories namely arable, grazing, and wilderness (excluding wetlands).  
 
Wetlands are delineated according to the practical field procedure for the identification 
and delineation of wetlands and riparian areas (Department of Water Affair and 
Forestry, 2005) and the methodology is described in Section 4.6.  
 
The agricultural potential of soils was based on soil properties noted during auger 
observations namely effective soil depth, texture, terrain unit, slope, soil wetness and 
disturbances. The effective soil depth is the main determining soil characteristic and 
was applied as follows: 
 
Moderately and well-drained soils with an effective depth less than 600 mm were 
classified as low agricultural potential, 600-900 mm as moderate and deeper than 900 
mm as high agricultural potential. All disturbed areas were classified as low agricultural 
potential. Leached, grey, sandy soils showing evidence of periodic percolating water 
tables were classified as low agricultural potential. Black and grey clay soils showing 
evidence of poor internal drainage was classified as low agricultural potential. 
 
4.6  Wetland delineation 
 
4.6.1 Legal framework 
 
In order to determine the existence and extent of a wetland in the proposed mining area 
the legal framework on what classifies as a wetland should be applied. The National 
Water Act, 1998 (Act 36 of 1998), (NWA), includes a wetland in the definition of a 
watercourse. A watercourse is: 
 

♦ “a river or spring; 
♦ a natural channel in which water flows regularly or intermittently; 
♦ a wetland, lake or dam into which, or from which, water flows, and 
♦ any collection of water which the Minister may, by notice in the 

Gazette, declare to be a watercourse.” 
 
A wetland is then further defined by the NWA as “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”.  
 
Based on the above definition, the Department of Water Affairs and Forestry (DWAF), 
now the Department of Water Affairs (DWA), published a set of guidelines describing 
field indicators and methods for determining whether an area is a wetland or riparian 
area, and for finding its boundaries (DWAF, 2005). These guidelines state that wetlands 
must have one or more of the following attributes: 
 

• Wetland (Hydromorphic) soils that display characteristics resulting from 
prolonged saturation; 
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• The presence, at least occasionally, of water loving plants (hydrophytes); 
and 

• A high water table that results in saturation at or near the surface, leading to 
anaerobic conditions developing in the top 50cm of the soil.  

 
Based on the NWA definition of a wetland, four indicators were identified within the 
DWAF (2005) guidelines to assist in identifying wetland areas: 
 

• Terrain Unit Indicator. The topography of the area is usually used to 
determine where in the landscape the wetland is likely to occur.  

• Soil Form Indicator. Certain soil forms, as defined by the Soil Classification 
Working Group (1991), are associated with prolonged and frequent 
saturation.  

• Soil Wetness Indicator. The soil wetness indicator identifies the 
morphological “signatures” developed in the soil profile as a result of 
prolonged and frequent saturation. 

• Vegetation Indicator. The vegetation indicator identifies hydrophilic vegetation 
associated with frequently saturated soils. 

 
4.6.2 Processes in wetland soils and associated properties 
 
Auger observations are made systematically in transects towards possible wetlands at 
50 m intervals in order to locate the point from where clear evidence of wetness occurs 
within 500 mm from the surface.  
 
The following processes normally takes place under anaerobic/saturated or so-called 
wetland conditions: 
 

• Mottling (localized colouring and alterations due to continued exposure to 
wetness); 

• Concretions (accumulation and cohesion of minerals into hard fragments); 
• Leaching (removal of soluble constituents by percolating water); 
• Gleying (reduction of ferric oxides under anaerobic conditions resulting in 

grey, low chroma soil colours); and 
• Illuviation of colloidal mater from 1 horizon to another resulting in the 

development of grey sandy E-horizons and grey clay G-horizons. 
 
These processes usually result in soil properties which provide undisputable 
evidence of temporary to permanent wetness, such as: 
 
Dark grey coloured A-horizons 
 
The A-horizon is the upper 200-300 mm of the soil profile and is usually defined by a 
slight darker colour due to a greater or lesser amount of humified organic matter. The 
dark grey A-horizon is common to almost all the soils found in permanent and seasonal 
zones. The dark grey colour appears usually only in the moist state and rapidly fades in 
to a plain grey colour when it dries out. The dark appearance is due to higher organic 
carbon content which builds up under the long term moist conditions in a wetland 
system. The carbon and also fine organic matter looses its dark colour in the dry state 
and the grey colour of the soil particles became prominent. The grey soil colour is the 
result of the removal of soluble constituents (iron oxides, silicate clay) by percolating 
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water. The dark grey A-horizon is common in permanent, seasonal and temporary 
wetland zones. 
 
Grey to pale grey E-horizons 
 
The E-horizon underlies the A-horizon having a lower content of colloidal matter (clay, 
sesquioxides, organic matter) usually reflected by a pale colour and a relative 
accumulation of quarts and/or other resistant minerals of sand or silt sizes. The E-
horizon develops under high lateral flow (permanent or periodic) of water in the soil 
profile which removes some colloidal matter to the lower soil profile and some further 
down the wetland system. The E-horizon is thus the flow path for shallow groundwater 
in the wetland zone. The grey and pale grey E-horizon is common in permanent and 
seasonal wetland zones and less common in temporary zones. 
 
Yellowish grey E-horizons 
 
The colour of the E-horizon reflects the intensity of removal of colloidal matter from the 
horizon. This results in the phenomenon that some E-horizons have a yellowish colour 
in the moist state but become grey in the dry state. The yellowish colour in the moist 
state is due to an incomplete covering of the mineral soil particle by ferric oxides and 
indicates a less leached state and less anaerobic (saturated conditions) conditions. The 
yellowish E-horizons are therefore strongly related to temporary wetland zones and 
occur less in seasonal or permanent wetland zones. 
 
Plinthic horizons 
 
Plinthic horizons are characterised by localization and accumulation of iron and 
manganese oxides under conditions of a fluctuating water table, resulting in distinct 
reddish brown, yellowish brown and/or black mottles, with or without hardening to form 
sesquioxide concretions. Plinthic horizons are the result of fluctuating water tables 
which implies wetter and dryer phases and are therefore found commonly in seasonal 
and temporary wetland zones and less in permanent wetland zones. 
 
G-horizons 
 
Gleying is the process of reduction of ferric oxides and hydrated oxides under anaerobic 
conditions, resulting in grey, low chroma matrix colours. This usually goes along with 
clay illuviation from the upper horizon which results in a grey clay horizon and is called a 
G-horizon. G-horizons are commonly found in permanent wetland zones, occasionally 
in seasonal zones and rarely in temporary wetland zones. 
 
4.7  Land use mapping 
 
The localities and extents of land use practices were surveyed during the time of the soil 
assessment.  
 
4.8  Erodibility evaluation 
 
Erodiblity was broadly assessed based on soil texture, slope and the inherent stability of 
the parent rock (geology) from which the soil originated. 
 
Low: Soils with stable physical and chemical properties which occur on flat to gentle 
slopes to ensure low erosion susceptibility in the natural state. Few erosion protection 
measures are necessary.  
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Moderate: Soils with low to moderately unstable physical or chemical properties or soils 
occurring on moderate to steep slopes. Sheet and rill erosion often occur in the natural 
state but may become severe when these soils are disturbed or due to any misuse such 
as overgrazing. Erosion protection measures are necessary.   
 
High: Soils with unstable physical and chemical properties or soils occurring on very 
steep slopes. Rill and donga erosion often occur in the natural state and will become 
severe during any disturbance or misuse. Specialised erosion protection measures are 
necessary. 
 
4.9 Map compilations 
 
The field data was captured in shapefile format (shp) and processed and stored in a 
Geographic Information System called ArcGIS, version 9.3.1. The maps are compiled in 
a map extendable document format (mxd) and exported to Jpeg format. The shapefiles 
can be exported to a dxf or dwg format for CAD users. The shapefiles, dxf and dwg 
formats are available on request. 
 
The maps were generated in a projected coordinate system using the longitude of origin 
(LO) coordinate system based on the 27° East meridian, WG1984 Elipsoid and 
Hartebeesthoek 1994 Datum. The spatial data was received from Golder based on the 
Clarke 1880 Mod. Elipsoid and Cape Datum. The data was transformed to the WG1984 
Elipsoid and Hartebeesthoek 1994 Datum since this survey system is the official system 
required by the Chief Directorate Surveys and Mapping for all applications to 
Government Departments.  
 
4.10 Impact assessment 
 
The 2 tables below outline the impact assessment methodology.  Table 1a provides the 
method for defining magnitude, geographic extent and duration.  Table 1b provides the 
method for combining magnitude, geographic extent and duration to determine 
environmental significance.   
 
Table 1a: Definitions for impact assessment criteria 
Resource Direction Magnitude Geographic 

Extent Duration Reversibility Frequency 

Soils positive, 
negative 
or neutral 

negligible:  no 
measurable effect 
(<1%) from current 
conditions 
low:  <10% change 
from current 
conditions 
moderate:  10 to 
20% change from 
current conditions 
high:  >20% 
change from 
current conditions 

local:  effect 
restricted to 
the LSA 
regional:  
effect 
extends 
beyond the 
LSA 

short-term: 
construction 
medium-term: 
operations 
long-term:  
>operations 

reversible  
or 
irreversible  

low:  occurs 
once 
medium:  
occurs 
intermittently
high:  
occurs 
continuously 
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Table 1b: Screening system for environmental consequence 

Magnitude Geographic Extent Duration Environmental 
Consequence 

negligible all all negligible 

low local short-term negligible 

low local medium-term low 

low local long-term low 

low regional short-term low 

low regional medium-term moderate 

low regional long-term moderate 

low beyond regional short-term low 

low beyond regional medium-term moderate 

low beyond regional long-term moderate 

moderate local short-term low 

moderate local medium-term low 

moderate local long-term moderate 

moderate regional short-term moderate 

moderate regional medium-term moderate 

moderate regional long-term high 

moderate beyond regional short-term moderate 

moderate beyond regional medium-term high 

moderate beyond regional long-term high 

high local short-term moderate 

high local medium-term high 

high local long-term high 

high regional short-term moderate 

high regional medium-term high 

high regional long-term high 

high beyond regional short-term high 

high beyond regional medium-term high 

high beyond regional long-term high 

 
 
 
 
 
 
 
 
 
 



 19

 
   

5. SURVEY RESULTS 
 
5.1 Dominant soil types 
 
A total of 33 auger observations were made of which 26 were at pre-determined grid 
points and 7 randomly in order to locate and accurately map soil boundaries. Soil 
samples were colleted at 3 of the observation points. The auger observation points are 
shown on the soils map Figure 3 as yellow dots and the soil sampling points as red 
dots. 
 

 
 



 20

 
   

A total of 3 soil types, based on dominant soil form, effective soil depth, internal 
drainage, terrain unit and slope percentage were identified during field observations and 
were symbolised as: Hu1, Cv1 and Ag. A non-soil related unit was included in the 
legend symbolized as Exc, which represent an existing borrow pit area. The extent of 
the soil types are shown on the soil map, Figure 3.  
 
The soil types are summarised in the soils legend (Table 2) in terms of the following 
aspects: 
 

• Dominant and subdominant soil forms and families;  
• Average effective soil depth;  
• The estimated clay content of the A and B or E or G-horizons;  
• The derived texture class;  
• A description of the terrain unit and slope, a broad description of the 

dominant soil form and terrain type;  
• A description of the soil horizon sequences;  
• The soil’s derived land capability and wetland zone classification as well as 

the number of units per soil type; and  
• The area and percentage comprised by each soil type. 

 
Arable and grazing potential soils are both described in categories of well-drained and 
moderately well-drained soils. Wetland soils are described in categories of imperfectly 
drained and poorly drained soils. Wilderness land is described in categories based on 
the type of disturbances if more than 1 type occurs. The extent of the soil types within 
the surveyed area are shown on the soil map, Figure 3.  
 
5.1.1 Arable potential - Well-drained soils 
 
Soil types Hu1, Cv1 and Ag have no mechanical limitations such as rockiness, or 
chemical limitations such as saline or sodic conditions, and can therefore be cultivated. 
The land capability of these soils were however classified as grazing potential due to 
the sandy texture and subsequent low water holding capacity of the soils; as well as the 
low rainfall of the region (400 mm per annum) which makes dry land crop farming very 
risky.  Irrigation water is not available.  
 
5.1.2 Arable potential – Moderately well-drained soils 
 
No soils in this category. 
 
5.1.3 Grazing potential – Well-drained soils 
 
Soil type Hu1, dominated by the Hutton soil form, consists of very deep (>1500 mm), 
yellowish to orange red, well-drained sandy to loamy sand soils of which the land 
capability is classified as grazing potential with moderate-low agricultural potential. This 
soil type comprises 51.38% of the study area.  
 
Soil type Cv1, dominated by the Clovelly soil form, consists of very deep (>1500 mm), 
brownish to greyish yellow, well-drained sandy soils of which the land capability is 
classified as grazing potential with moderate-low agricultural potential. This soil type 
comprises 43.12% of the study area. 
 
Soil type Ag, dominated by the Augrabies soil form, consists of deep (>1000 mm), 
calcareous, yellowish brown, well-drained, sandy to sandy loam soils of which the land 
capability is classified as grazing potential with moderate-low agricultural potential. This 
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soil type comprises 2.83% of the study area. 
 
5.1.4 Grazing potential – Moderately well-drained soils 
 
No soils in this category. 
 
5.1.5 Wetland – Imperfectly drained soils 
 
No soils in this category. 
 
5.1.6 Wetland – Somewhat poorly to poorly drained soils 
 
No soils in this category. 
 
5.1.7 Wilderness – Disturbed soils 
 
Unit Exc comprises the footprint of a borrow pit and was classified as wilderness land 
with no agricultural potential, comprising 2.67% of the study area.  
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Table 2: Soil legend based on soil types, effective soil depth, terrain unit and slope percentage 
SOIL LEGEND 

Soil Type 
Code 

Dominant  & 
subdominant 
Soil Form and 

Family 

Effective 
Soil Depth 

(mm) 

% Clay per 
horizon 

A, E, G, B 
Texture 
Class 

Terrain unit 
and slope 

Summarized 
description of terrain 

and soil type 
Summarized description of soil 

horizons sequences 
Land 

Capability
Wetland 

zone 
No of 
Units

Area 
(ha) 

Area 
(%) 

Hu1 * Hutton 3100 
Clovelly 2100 

>1500 A: 8-10 
B1: 10-13 

Sand-
loamy sand

Gentle midslope 
(1% slopes) 

Terrestrial; Deep, 
yellowish to orange red, 
well-drained, loamy sand 
soils. 

Brownish to yellowish red, sandy 
Orthic A-horizons underlain by 
yellowish or orange red, apedal, 
loamy sand B1-horizons. 

Grazing Terrestrial 3 60.84 51.38 

Cv1 *Clovelly 2100 
Hutton 3100 

>1500 A: 6-8 
B1: 7-9 Sand Gentle midslope 

(1% slopes) 

Terrestrial; Deep, 
brownish to greyish 
yellow, well-drained, 
sandy soils. 

Greyish to yellowish brown, sandy 
Orthic A-horizons underlain by 
greyish to brownish yellow, apedal, 
sandy B1-horizons. 

Grazing Terrestrial 3 51.07 43.12 

Ag *Augrabies 2110
Addo 2111 

>1000 
A: 8-10 

B1: 12-15 
B2: 15-20 

Sandy-
sandy loam

Gentle footslope 
(1% slope) 

Terrestrial; Deep, 
yellowish brown, well-
drained, calcareous, 
sandy-sandy loam soils. 

Greyish to yellowish brown, sandy 
Orthic A-horizons underlain by 
brownish yellow, apedal, 
calcareous sandy B1-horizons. 

Grazing Terrestrial 1 3.35 2.83 

Exc No remaining 
soil 0 - - Excavated, 2-5 

m deep 

Terrestrial; Excavated 
quarry, 2-5 m deep, no 
remaining topsoil. 

Excavated quarry, 2-5 m deep, no 
remaining topsoil. Wilderness Terrestrial 1 3.16 2.67 

* Dominant soil form and family TOTAL 8 118.42 100.0 
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5.2 Other derived soil properties 
 
Derived soil properties of each soil type, e.g. natural fertility, dry land production 
potential and irrigation potential are given in Table 3.  Properties were evaluated in 
terms of three classes: high, moderate, and low with classification in-between these 
(see section 4, Methodology). 
 
Table 3: Other Derived soil properties 
Soil Type 

Code Natural Fertility 
Dry land crop 

production 
potential 

Soil potential for 
Irrigation 

Hu1 Low Low Low-moderate 

Cv1 Low Low Low-moderate 

Ag Low Low Low-moderate 

Exc None None None 
 
5.3 Soil chemical analyses 
 
The localities of the sampling points are shown on the detailed soil map, Figure 3 and 
the coordinates are provided in Table 6.  
 
A sample of the A and B-horizon (0-250 and 350-700 mm respectively) of the dominant 
soil types were taken and the analytical results are shown in Table 4. The averages of 
the cations [potassium (K), calcium (Ca) magnesium (Mg) and sodium (Na)] as well as 
phosphorus (P), pH, electrical conductivity (EC) and sulphate (SO4) were calculated and 
highlighted in yellow.  
 
Table 4: Soil chemical analyses 

Samp 
Point 

Soil 
Form Hor Depth 

K Ca Mg Na 
Titr.Acid Acid 

saturat.
Resis-
tance 

P 
(Bray1) 
mg/kg 

pH 
(H2O) 

Electr
Cond.
(EC) 

mS/m

Sulph
ate 

(SO4)
mg/kg

mg/kg mg/kg mg/kg mg/kg

Ammonium acetate cmol(+)/kg % ohm 
9 Cv A 0-250 26 68 16 0.1 0.08 12.9554 6270 2.4 5.49 14 11.57
    B 350-700 17 56 15 1.5     6680 0.79 5.27 10 8.39 

22 Hu A 0-250 28 43 39 2.1 0   1230 1.4 6.49 15 13.91
    B 350-700 30 98 42 0.62     3380 0.18 6.72 12 10.68

59 Cv A 0-250 78 593 54 2.1 0   2540 1.9 6.53 21 12.6 
    B 350-700 60 353 42 1.3     2980 0.13 6.44 16 18.55
Calculated averages  40 202 34 1.3    1.1 6.2 15 13 

 
5.3.1  Soil fertility status 
 
The averages of the cations (K, Ca, Mg and Na) as well as phosphorus (P) and pH 
(highlighted in yellow, Table 4) were compared to general fertility guidelines in Table 5. 
 
The average values of K, Ca and Mg are low (see comparison in Table 5) and reflect a 
poor fertile status. The average sodium (Na) value is very low (1.3 mg/kg), which is 
positive and indicates an absence on sodic soil conditions. 
 
The average pH value of 6.2 indicates slightly acid soil conditions.  
 
The average phosphorus value of 1.1 mg/kg is very low and reflects the general status 
of sandy soils which haven’t been cultivated and fertilized before.  
The low average sulphate content and electrical conductivity value of 13 mg/kg and 15 
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mS/m respectively, indicates no or very low coal related salt pollution. 
 
Table 5: Soil fertility compared to broad fertility guidelines  

Guidelines (mg/kg) Actual analysis 

 Low High Average calculated in Table 4 
(mg/kg) 

Potassium (K) <40 >250 40 - (low) 
Calcium (Ca) <200 >3000 202 - (low) 
Magnesium (Mg) <50 >300 34 - (low) 
Sodium (Na) <50 >200 1.3 - (Low, which is positive) 
Phosphorus (P) <5 >35 1.1 - (very low) 
    

pH(H2O)  
Very 
acid Acid Slightly 

acid neutral Slightly 
alkaline Alkaline  

<4 5-5.9 6-6.7 6.8-7.2 7.3-8 >8 6.2 ( Slightly acid) 
 
 
Table 6: Coordinates of soil sampling points 

Coordinates of Soil Sampling Points 

Soil 
sampling 

point 

Projected Coordinate System 
Elipsoid: WGS 1984 

Coordinate system: LO29 
Datum: Hartebeesthoek 1994 

Geographic Coordinate System 
Elipsoid: WGS 1984 

Coordinate system: Decimal degrees
Datum: Hartebeesthoek 1994 

X (m) Y (m) X/Lat (dd) Y/Long (dd)
9 2616054.049 -58376.105 -23.644700 27.572145
22 2615170.172 -58580.568 -23.636712 27.574114
59 2614569.405 -58215.121 -23.631301 27.570509

 
5.4 Land Capability 
 
The land capability and agricultural potential of soils were classified according to 
guidelines specified in section 4.5. The land capability and agricultural potential of each 
soil type, based on soil properties, is described in sections 5.1.1 to 5.1.7.  
 
Table 7 shows the land capability classes, the associated soil types which were 
grouped into each land capability class, a broad description of the soil group, the 
number of units per land capability class, and the area and percentage comprised by 
each land capability class. This table is also shown on the land capability map Figure 4. 
 
Table 7: Land capability classes of opencast and underground areas 

Land 
Capability 

Code 

Land 
Capability 

Class 
*Soil 

Types Broad soil and terrain description Unit 
Count 

Area 
(ha) 

Area 
(%) 

W Wetland - No wetlands 0 0 0 

A Arable  No moderate to high potential arable soils. 0 0 0 

G Grazing Hu1, Cv1, 
Ag 

Gentle mid and footslopes (1% slopes); Deep, 
yellowish to orange red and brownish to greyish 
yellow, well-drained, sandy to loamy sand soils 
(Hu1 and Cv1). Deep, yellowish brown, well-
drained, calcareous, sandy-sandy loam soils (Ag).

7 115.26 97.33

WDN Wilderness Exc Excavated quarry or borrow pit, approximately 2-5 
m deep with no remaining topsoil. 1 3.16 2.67

*See soil map, Figure 3 Total 8 118.42 100.0
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The location and extent of land capability classes within the study area are shown on 
the land capability map Figure 4.  
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5.5 Wetland delineation 
 
No wetlands occur in the study area. 
 
5.6 Pre-mining land use 
 
Table 8 shows pre-mining land uses, the area and percentage comprised by each land 
use and the number of units per land use within the study area. This table is also shown 
on the pre-mining land use map Figure 5. 
 
Table 8: Pre-mining land uses in both opencast and underground mining areas 

Land Use 
Code Pre-mining Land Use Unit 

Count 
Area 
(ha) 

Area 
(%) 

V 
Vacant – the area was utilized for cattle grazing prior to 
mining activities. The area surrounding the current 
structures (such as slimes dams) is vacant and currently 
not utilized for any purpose. 

1 115.26 97.33 

Q Quarry or former borrow pit, not utilized for any purpose. 1 3.16 2.67 

TOTAL 2 118.42 100.0 
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The locality and extent of land uses within the study area are shown on the land use 
map Figure 5.  
 

 
 
5.7 Historical agricultural production 
 
Crop yields vary from farm to farm and field to field due to various factors, such as soil 
types and climatic conditions e.g. annual precipitation, temperature, day lengths, heat 
units etc. It is therefore most reliable to obtain crop yields from fields within the study 
area. However, no evidence of former crop farming was found in the study area and old 
1:50 000 scale topographic maps of the Chief Directorate Surveys and Mapping also 
indicates no cultivated fields in the study area.   
 



  28 

 

The potential crop yields were estimated by Rehab Green cc (Table 9) based on the 
physical soil properties and an average annual precipitation of 400 mm.  
 
Table 9: Historical agricultural production 

Product *Soil Types) Derived soil 
potential Potential Yield  

Maize (Dry land) Hu1, Cv1, 1Ag Moderate-low 2-3 t/ha/a 

Grazing (Cattle) Hu1, Cv1, 1Ag Moderate-low 10-12 ha/lsu 
* See soil map Figure 3 

 
5.8 Evidence of misuse 
 
No evidence of misuse was observed in the study area which excludes the slimes 
dams. 
 
6.    PRINCIPLES TO BE CONSIDERED DURING THE SOIL STRIPPING 

AND HANDLING PROCESS  
 
6.1 Important principals regarding soil stripping and stockpiling 
 
Stripping, stockpiling and replacing of topsoil have a very high impact on soil, land 
capability and land use. The procedures followed during execution of these actions 
directly influences the post-mining land capability and consequently determines the 
degree of deterioration from pre-mining to post-mining land capability. It also directly 
determines the possible post-mining land uses.  
 
Stripping and stockpiling of topsoil, shaping of the disturbed footprint and replacing of 
topsoil should therefore take place according to a plan which should be well managed 
and progressively adapted according to circumstances.  
 
It should be borne in mind that topsoil quality or potential can vary from very high to very 
low depending on various soil properties; and is not just limited to the grade of soil 
generally referred to as topsoil. It is furthermore obvious that mixing high quality and low 
quality material will result in lower quality material. One of the main reasons why 
rehabilitated soils produce poorly and erodes easily is because low quality subsoil is 
stripped together with the high quality A and B-horizons.  
 
The second main reason why rehabilitated land does not  re-establishes properly is 
because the original A-horizon (0-300 mm depth) is not replaced in the same position, 
but is mixed with the thicker remainder of the soil profile and subsequently almost 
disappears. Separate stockpiling of the different soil types and horizons is crucial to 
obtain the highest post-mining land capability and it will not have a significant cost 
implication for the mine (contrary to the general perception) and will require only 
planning and continuing management. However, the enormous value of separate 
stripping and stockpiling of soil types and horizons (as stipulated by guidelines of the 
Chamber of mines, Section 3.2) are almost completely neutralized if the topsoil and low 
quality subsoil are stripped together and mixed during the stockpiling and replacing 
process. It is therefore crucial to strip according to guidelines and depths as described 
in section 7.1.1. 
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6.2 Soil horizon properties influencing stripping and stockpiling procedures 
 
The stripping procedures aim, with consideration of practical limitations, to reconstruct 
the original horizon sequences. This is the only way to re-establish 70% or more of the 
pre-mining land capability. It is important to bear in mind that the natural soil horizons 
developed over thousand of years in a specific sequence and is the result of soil 
genesis (weathering) of the parent rock driven by climatic conditions (temperature and 
moist) within a specific topography and are in an optimal balanced state. Stripping and 
replacing of soil will always result in moderate to severe disturbance of the natural 
balances in the soil’s physical and chemical properties. This implies that even with 
precise execution of well defined rehabilitation procedures, a degradation from pre-
mining to post-mining land capability is unavoidable. This implies that without precise 
stripping and replacing of topsoil, substantial degradation from pre-mining to post-
mining land capability will probably take place. 
 
The term topsoil in these guidelines refers to the A and B-horizons of the soil profile as 
defined in the Taxonomic Soil Classification system for South Africa. The A-horizon 
comprises the upper part (0-300 mm) of the soil profile and the B1-horizon from 300 mm 
up to the stripping depth specified per soil type as shown in Table 10. 
  
The A-horizon are characterised by a darker colour due to a higher organic carbon 
content, caused by decomposition of organic matter and roots of crops or natural 
vegetation. The organic carbon provides higher fertility and water holding capacity. It 
also improves infiltration and provides a natural buffer against compaction and hard 
setting. It also serves as a seed source of natural species which can re-establish after 
rehabilitation. It is therefore crucial to strip the A-horizon separately and replace it in the 
same position. 
 
Well-drained, red and yellow brown B-horizons usually contain significant lower organic 
carbon and have a higher clay content which gradually increases lower in the soil 
profile. The increasing clay content plays a significant role in soil potential and the soil’s 
ability to sustain crops and plants, because it provides higher water storage capacity 
and prevents groundwater from rapidly leaching out of the rooting zones of plants. Red 
and yellow brown B-horizon materials which are placed on the surface (in the natural A-
horizon position) tend to seal and compact severely, which leads to lower emanation 
rates of seeds, restricted root development and higher runoff which triggers soil erosion. 
 
Imperfectly to poorly drained plinthic B-horizons commonly have significantly higher clay 
contents than the well-drained horizons above it. It is characterised by prominent 
mottling and sesquioxide concretions which indicate impeded internal drainage. These 
materials are prone to severe compaction and sealing which result in low infiltration, 
higher runoff and consequent erosion when placed on the surface (in the natural A-
horizon position). 
 
Poorly drained G-horizons are clayey, very slow permeable horizons. Placing this 
horizon on the surface will result in high runoff, very low infiltration and poor plant 
growth. 
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7. SOIL STRIPPING AND HANDLING PROCEDURES DURING THE 
CONSTRUCTION AND OPERATIONAL PHASES 

 
7.1 Construction phase 
 
The construction of mining related infrastructure such as an access road, pipelines, a 
slurry pond, a return water dam and topsoil stockpiles will have impacts on soil, land 
capability and land use during the construction phase. 
 
The access road already exists and will only be upgraded and for all practical purposes 
there will not be any additional impacts. 
 
The pipelines will be above ground and will likely cause only minor disturbance to soils. 
A principle should be followed to store all soil, excavated for whatever purpose, to be 
used for rehabilitation at a later stage. 
 
The impact on soil due to the construction of the cyclic pools on the footprint of the 
existing slimes dam 3 was not established. There will for all practical purposes be no 
additional impacts. It is assumed that all slurry at the current footprint will be removed 
and the footprint will be cleaned thoroughly. Virgin soils might occur beneath the 
existing dam 3 footprint and should preferably be removed for the construction of the 
ponds.  Any topsoil below the current footprint that that needs to be removed for the 
construction of the cyclic pools, needs to be stockpiled as uncontaminated as possible 
to be used for later rehabilitation of the pond footprint. The topsoil should be stored at 
stockpile options 4 and 5, Figure 2, which were chosen because these areas are 
already disturbed to some extent. The impact on these soils will be similar to the impact 
on the soil at the footprint of the new return water dam which is described in Table 11 
and 12. 
 
The construction of the proposed return water dam is the only activity that will have new 
and major impacts on soils, land capability and land use, because it is situated on 
undisturbed natural land and comprises a fairly large footprint. 
 
7.1.1  Soil stripping, stockpiling and handling procedure for the return water 
dam footprint 
 
It is a fact that, even with optimal rehabilitation procedures applied, deterioration from 
pre-mining to post-mining land capability is unavoidable. It is therefore crucial to follow 
the proposed soil handling procedures precisely in order to prevent degradation of soil 
characteristics and to re-establish the highest possible post-mining land capability.  
 

• NB! The term topsoil in these guidelines refers to the A and B-horizons of the 
soil profile as defined in the Taxonomic Soil Classification system for South 
Africa. The A-horizon comprises the upper part (0-300 mm) of the soil profile 
and the B-horizon from 300-1500 mm as specified in Table 10. 

 
• The A-horizon (0-300 mm) should be stripped and stockpiled separately and 

may not be used for the construction of the dam. The proposed stockpile 
positions (option 1 or 2 or 3, as shown in Figure 2), needs to be surveyed and 
staked. The coordinates are provided in Appendix 1, Table 13). Options 1 and 2 
are located on already disturbed land and are most preferable because no 
further disturbance of natural vegetation needs to be done. Option 3 is on 
undisturbed land and should be avoided if possible. The stripping depth of 300 
mm must be adhered to continuously and may not be exceeded. The stripping 
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should take place by means of excavators and tipper trucks. Contractors often 
ignore this specification and use a dozer to try and push the A-horizon to the 
edges of the dam footprint. This method is ineffective because usually only 
approximately 100mm of the A-Horizon is removed over the majority of the site 
and this is usually only realized during the replacing process. Replacing only 
100mm of the A-horizon is not sufficient and hardly worth the effort and cost. 

 
• Stripping 300 mm of the A-horizon on the footprint of the proposed return water 

dam, comprising 2.96 ha, translates to a volume of 8880 m3 soil that need to be 
stockpiled. Stockpiling 8880 m3 soil will require a footprint of 0.5 ha to a height of 
approximately 2 m. The stockpile should be barricaded effectively, preferably 
fenced off for protection.  

 
• The B-horizon (300-1500 mm) should be excavated and tipped on the outer 

edge of the dam footprint.  
 

• All soil and subsoil material below 1500 mm can be excavated and used for the 
construction of the inner embankment. The B-horizon (300-1500 mm) which 
was tipped on the outer edge of the footprint should then be placed to form the 
outer wall embankment. 

 
• This principle should be followed during rehabilitation of the dam at the end of its 

lifespan, to enable the replacement of the major soil horizons similar to their 
natural sequence. This will have a major positive affect on post-mining soil 
potential, land capability and land use; and which will enhance the natural 
succession of the natural vegetation dramatically. 

 
7.2 Operational phase 
 
During the operational phase no physical disturbances of soil will take place and no 
impact that took place during the construction phase will become less or more severe. 
 
Additional impacts on soils during the operational phase may be: 
 

• Salt pollution due to spillages of slurry or low quality return-water due to leaking 
pipelines; and 

• Salt pollution caused by overflowing return-water dams due to insufficient 
capacity which might be caused by high volumes of slurry or poor storm water 
management.  

 
In case of spillages, the slurry should be removed as soon as possible with front end 
loaders or even shovels, depending on the scale of the spillage. The slurry should be 
taken to any suitable waste disposal facility. Vegetation should be disturbed as little as 
possible and in cases of major spillages, the cleaned up areas should be re-vegetated 
with local climax grass species such as Digitaria eriantha and Panicum maximum. 
 
7.3  Decommissioning phase 
 
The dam footprint should be rehabilitated at the end of its lifespan. The bottom should 
be thoroughly cleaned and the lining should be removed to a suitable waste disposal 
site. The following procedures need to be followed in order to reconstruct the original 
soil horizon sequences as far as possible during backfilling of the dam. 
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7.3.1 Soil replacing and handling procedure for the return water dam footprint 
 

• The inner wall embankment should be removed first and spread over the 
footprint. The outer embankment, consisting of soil material from the original B-
horizon (300-1500 mm) should then be backfilled and the stockpiled A-horizon 
(0-300 mm) should be replaced on the surface.  

 
• All subsoil material may be compacted after replacement. The B-horizon and A-

horizon may not be compacted after replacement and should only be levelled. 
Compacted zones within the soil profile restrict root penetration and 
development and decrease the ability of plants to endure harsh climatic 
conditions. 

 
• Calculations of the available material for backfilling should be made to ensure 

that the dam footprint can be backfilled to the same elevation of the surrounding 
natural surface and the footprint should rather be slightly convex (not more than 
30 cm) than concave to allow for some settling. If a shortage of material exists, 
other suitable subsoil material from the opencast should be used prior to 
backfilling of the B and A-horizon.  

 
• No borrow pits may be made for the future rehabilitation of the footprint of the 

dam. The principle is to plan now properly to prevent using borrow pits in future. 
A large borrow pit already exists with insufficient material available for it to be 
rehabilitated in future. Even with the best possible rehabilitation procedures 
followed, the scar of the existing so-called “borrow pit” will be clearly visible for 
probably the next 1000 years. The two most important principles which should 
be adhered to is to backfill the footprint to the original elevation and to stockpile 
the A-horizon during construction and replace it during rehabilitation in its 
original position. 

 
• Backfilling the dam footprint to the original elevation will ensure a continuation of 

the pre-construction surface drainage pattern. Replacement of the A-horizon in 
its original position will decrease possible compaction, due to the higher organic 
carbon content which will enhance water holding capacity and subsequently 
create more favourable conditions for natural vegetation to re-establish. The A-
horizon will also serve as a seed source of local natural vegetation which will 
enhance succession to the original ecosystem. 

  
• After replacement of the A-horizon on the surface, it should be grade smoothly 

with a grader and then loosened to a depth of approximately 250 mm with 
normal agricultural equipment, preferably a multiple teeth implement. 

   
• The soil fertility status should be determined by soil chemical analysis after 

levelling (before seeding/re-vegetation), and soil amelioration should be done 
accordingly as recommended by a soil specialist, in order to correct the pH and 
nutrition status once off. 

 
• The rehabilitated footprint should be re-vegetated as soon as possible (early 

during the first rainy season, October-December) with a grass mixture which 
contains local natural climax species. The mixture should be dominated by, but 
not necessarily be restricted to Digitaria eriantha and Panicum maximum. The 
mixture may not contain any non-local species. The site has fairly flat slopes and 
the erosion susceptibility of the stable sandy soils is fairly low. 
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• A short term fertilizer program should be based on the soil chemical status after 
levelling and should consists of 3 applications e.g. pre-seeding lime and fertilizer 
application, an application with the seeding process as well as a maintenance 
application for 2 to 3 years after rehabilitation or until the area can be declared 
as self sustaining. 

 
• The proposed return water dam is situated within soil type Hu1 (Figure 3). Table 

10 provides the stripping depth per horizon, the soil volume, replacing depths 
and post-rehabilitation land capability. 

 
Table 10: Soil stripping depths, soil volumes per horizon and post-mining land 
capability 

Soil types, stripping depth and soil volume per horizon to be stripped at return water dam 
footprint 

Soil Types 
(Figure 3) Horizon 

Stripping 
depth 
(mm) 

Area
(ha) 

Volume
(m3) 

Pre-mining 
Land 

capability

Remark Replacing 
depth 
(mm) 

Post-
mining 

land 
capability

Hu1 A-horizon 0-300 2.96 8880 Grazing 
To be stockpiled 
during the lifespan 
of the facility 

300 mm 
(to be 

replaced 
in the 

surface 
position 

Grazing 

Hu1 B-horizon 300-1500 2.96 35 520 - 

To be used for the 
outer wall 
embankment of 
the dam 

1200 mm - 

 
7.4 Mitigation 
 
All the procedures described in sections and subsections 7.1 to 7.3 for the stripping, 
stockpiling and replacement of topsoil are in fact an integrated mitigation procedure.  
Each of the procedures described in the above mentioned sections is a sequential step 
to as effectively as possible mitigate the impacts throughout the entire construction, 
operational and decommissioning phases. Ignoring any of the steps or poor execution 
of any step will therefore negatively influence the overall impact on soil, land capability 
and land use and increase the environmental consequence. 
 
In order to evaluate the effective execution of above mitigation procedure the follow is 
required: 
 

• Continuous monitoring of the soil stripping, stockpiling and replacement 
procedure by a competent third party e.g. a soil specialist (recommended at 
monthly basis). 

 
• A post-rehabilitation land capability assessment done by a soil specialist by 

means of auger observations at a density of 50 x 50 meters, in order to evaluate 
the rehabilitation procedures and to verify that the topsoil thickness is similar to 
the replacing depths provided in Table 10. 

 
• A final post-mining land capability map needs to be compiled and should be 

submitted for closure purposes. 
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8. CONCLUSION 
 
8.1 Soils and land capability (Study area) 
 
The study area excludes the existing slimes dams and includes a zone varying from 50-
270 m around the slimes dams. Approximately 97% of the study area consist of well-
drained, red and brownish yellow, sandy to loamy sand soils with grazing land 
capability and moderate-low agricultural potential, dominated by the Hutton, Clovelly 
and Augrabies soil forms, symbolized as soil types Hu1, Cv1 and Ag as shown on the 
soil map Figure 3 and the land capability map, Figure 4. 
 
Approximately 3% of the study area consists of a borrow pit of which the land capability 
were classified as wilderness land. 
 
8.2 Land use 
 
The entire study area was used for grazing purposes prior to the existence of 
Grootegeluk Mine. The entire study area is currently vacant and is not utilized for any 
specific land uses. 
 
8.3 Wetlands 
 
No wetlands occur in the study area. 
 
8.4 Impact assessment 
 
Soil stripping and replacing, no matter whether it is stockpiled or immediately replaced, 
will always have a high potential degrading impact on soil, post-mining land capability 
and land use. Poor rehabilitation generally leads to the large scale deterioration from 
pre-mining to post-mining land capability or agricultural potential. The degree of 
degradation will always depend on the precise execution, management and 
monitoring of the rehabilitation procedures.  
 
In practice, this means that good proposed rehabilitation procedures do not 
automatically manifest in good rehabilitation and subsequent land capability. The 
responsible parties must ensure that rehabilitation is executed precisely according to the 
required specifications and standards; and to ensure success it has to be progressively 
monitored by a competent specialist. 
 
The importance of the soil properties of the different soil horizons and function of the soil 
horizon sequences (A and B-horizons) are described in section 6.1 and 6.2. Should the 
reconstruction of the A and B-horizons in their original sequence be ignored, it is highly 
likely that the post-miming land capability will deteriorate with 50 to 90%, even if a 
sufficient soil thickness is replaced. 
 
The impacts in terms of soil and subsequent land capability and land use (Table 11 and 
12) were evaluated and were rated as high without mitigation. The impact after 
mitigation is hard to predict because it is solely dependant on the quality of 
rehabilitation. The impacts can however be mitigated to acceptable levels if the 
rehabilitation procedures in sections 7.1.1 and 7.3.1 are executed precisely and 
progressively monitored by a competent third party. 
 
8.5 Conditions and declaration 
 
Rehab Green cc declare that with proper execution of rehabilitation procedures 
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described in sections 7.1.1 and 7.3.1 the impact on soils and subsequent land capability 
and land use can be minimized to acceptable levels. From a soils point of view the 
project can therefore be supported on condition that all the recommended monitoring 
actions in section 9.1 are executed during the construction and decommissioning 
phases; and where applicable are maintained for the entire operational phase. 
 
9.  RECOMMENDATIONS 
 
9.1 Monitoring actions 
 
In order to guarantee successful rehabilitation, the procedures in sections 7.1.1 and 
7.1.3 need to be executed precisely and the following needs to be monitored: 
 

• Stripping of soil types at stripping depths as specified in section 7.1.1 and Table 
10; 

• Stockpiling of the A-horizon as described in section 7.1.1; 
• Backfilling of the dam footprint similar to the pre-mining topography and 

elevation;  
• Replacing of topsoil as specified in section 7.1.3 and Table 10;  
• Amelioration of soil after replacement (before seeding and re-vegetation) 

according to fertility analysis;  
• Re-vegetation of rehabilitated footprint as soon as possible with a grass mixture 

dominated by local climax species such as Digitaria eriantha and Panicum 
maximum; 

• Monitoring of soil erosion on the rehabilitated footprint and remediation if 
necessary until the area can be declared as stabilized and self sustaining; and 

• A post-mining soil depth and land capability evaluation by a soil specialist 
registered at the Council for Natural Scientific Professions (SACNASP) in order 
to map the final post-mining land capability which will be used for closure 
purposes. 

 
10. ENVIRONMENTAL IMPACT ASSESSMENT 
 
10.1 Construction phase 
 
The construction of mining related infrastructure such as an access road, pipelines, a 
slurry pond, return water dam and topsoil stockpiles will have impacts on soil, land 
capability and land use during the construction, operational and decommissioning 
phases. 
 
The access road exists already and will only be upgraded. There will be, for all practical 
purposes, no additional impacts. 
 
The pipelines will be above ground and might cause only minor disturbance to soils.  
 
The slurry pond will be built on the footprint of an existing slimes dam and there will for 
all practical purposes be no additional impacts. Virgin soils might occur beneath the 
existing dam 3 footprint and will probably have to be removed for the construction of the 
ponds. The impact on these soils will be similar to the impact on the soil at the footprint 
of the new return water dam which is described in Table 11 and 12. 
 
10.2 Operational phase 
 
During the operational phase no physical disturbances of soil will take place and no 
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impact that took place during the construction phase will become less or more severe. 
 
Additional impacts on soils during the operational phase may be: 
 

• Salt pollution due to spillages of slurry or low quality return-water due to leaking 
pipelines; and 

• Salt pollution caused by overflowing return-water dams due to insufficient 
capacity which might be caused by high volumes of slurry or poor storm water 
management.  

 
10.3 Decommissioning phase 
 
At the end of the operational phase all impacts on soil, land capability and land use 
should have taken place. The demolishing of structures and rehabilitation of the 
footprints will commence.  The footprints will be rehabilitated by which the impact should 
be mitigated as far as possible following the procedure in section 7.3.1.  
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Table 11: Impact assessment – Construction phase 
1. Nature of impact – Stripping, stockpiling and replacing of topsoil at the footprint of the proposed return water dam 
Impact 

No Receptor Impact Direction Magnitude Extent Duration Reversibility Mitigation 

1 Soil 

Stripping and 
stockpiling of 
topsoil will result in: 
• Loss of the 

original spatial 
distribution of 
soil types and 
natural soil 
horizon      

      sequences. 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude will 
be high because 
topsoil at the entire 
footprint will be 
removed and the 
original horizon 
sequences and the 
natural balance of 
physical and 
chemical properties 
will remain 
disturbed for the 
lifespan of the 
facility. 
(High) 

The impact will 
be confined to 
the local study 
area (footprint of 
the proposed 
return water dam  
and former 
slimes dam 3) 
 
 
 
 
 
 
(Local) 

The impact will be of long 
term nature and will start 
when topsoil is stripped 
during the construction 
phase and will remain until 
rehabilitation takes place 
by which the impact will 
be alleviated to some 
extent depending on how 
effective the original 
natural soil horizons 
sequences can be 
reconstructed by the 
rehabilitation procedures. 
(Long term) 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility to some 
extent 
depending on 
the quality of 
rehabilitation 
 
 
 
 
Consequence = 
High 

• Topsoil will be stripped, 
stockpiled and replaced as 
described in section 7.1.1 and 
7.3.1.   

 
 
 
 
 
 
The environmental consequence 
after mitigation can be low 
depending on how precise the 
procedures in 7.1.1 and 7.1.3 were 
executed. 

2 Soil 

• Loss of original 
effective soil 
depth and soil 
volume. 

 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude on 
effective soil depth 
and volume will be 
high because the 
entire footprint will 
have no effective 
soil depth until 
rehabilitation takes 
place. 
 
 
 (High) 

The impact will 
be confined to 
the local study 
area (footprint of 
the proposed 
return water dam  
and former 
slimes dam 3) 
 
 
 
(Local) 

The impact will be of long 
term nature and will start 
when topsoil is stripped 
during the construction 
phase and will remain until 
rehabilitation takes place 
by which the impact will 
be alleviated to some 
extent by replacing the 
topsoil. 
 
(Long term) 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility to some 
extent 
depending on 
the quality of 
rehabilitation 
 
Consequence = 
High 

• Topsoil will be replaced to a 
depth of 1.5 m as described in 
section 7.1.1 and 7.3.1 and 
Table 10. 

 
 
 
The environmental consequence 
after mitigation can be low 
depending on how precise the 
procedures in 7.1.1 and 7.1.3 were 
executed. 

3 Soil 

• Loss of original 
topography 
and drainage 
pattern. 

 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude on 
the original 
topography and 
natural drainage 
pattern will be high 
because the 
topography and 
drainage pattern at 
the entire footprint 
will remain 

The impact will 
be confined to 
the local study 
area (footprint of 
the proposed 
return water dam  
and former 
slimes dam 3) 
 
 

The impact will be of long 
term nature and will start 
when topsoil is stripped 
during the construction 
phase and will remain until 
rehabilitation takes place 
by which the impact will 
be alleviated to some 
extent by backfilling the 
dam and replacing the 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility to a large 
extent by 
backfilling the 
dam footprint to 
the original 
elevation 

• The dam footprint will be 
backfilled similar to the original 
topography and elevation. 

• The surface will be shaped to 
ensure a free draining surface 
and a continuation of the pre-
mining surface drainage pattern.  

• Replacing of topsoil as described 
in section 7.1.3. 
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completely 
changed until 
rehabilitation takes 
place. 
 (High) 

 
 
 
 
(Local) 

topsoil during the 
rehabilitation process. 
 
 
(Long term) 

 
 
 
Consequence = 
High 

The environmental consequence 
after mitigation can be low 
depending on how precise the 
procedures in 7.1.1 and 7.1.3 were 
executed. 

4 Soil 

• Loss of the 
natural 
functioning of 
the soil as a 
growth 
medium and 
habitat for 
fauna and flora 

 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude on 
the natural 
functioning of the 
soil as a growth 
medium and 
habitat for fauna 
and flora will be 
high because the 
topsoil at the entire 
footprint (excluding 
the walls) will be 
removed 
 
(High) 

The impact will 
be confined to 
the local study 
area (footprint of 
the proposed 
return water dam  
and former 
slimes dam 3) 
 
 
 
 
 
(Local) 

The impact will be of long 
term nature and will start 
when topsoil is stripped 
during the construction 
phase and will remain until 
rehabilitation takes place 
by which the impact will 
be alleviated to some 
extent by backfilling the 
dam and replacing the 
topsoil during the 
rehabilitation process. 
 
(Long term) 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility to a large 
extent by 
backfilling the 
dam footprint 
and replacing 
the topsoil 
 
 
Consequence = 
High 

• The dam footprint will be 
backfilled similar to the original 
topography and elevation. 

• The surface will be shaped to 
ensure a free draining surface 
and a continuation of the pre-
mining surface drainage pattern.  

• Replacing of topsoil as described 
in section 7.1.3.  

 
The environmental consequence 
after mitigation can be low 
depending on how precise the 
procedures in 7.1.1 and 7.1.3 were 
executed. 

5 Soil 

• Loss of original 
soil fertility. 

 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude on 
soil fertility will be 
moderate because 
the naturally 
balanced chemical 
status will be 
disturbed during 
the stripping 
process because 
mixing of the soil 
horizons to some 
extent is 
unavoidable. 
 (Moderate) 

The impact will 
be confined to 
the local study 
area (footprint of 
the proposed 
return water dam  
and former 
slimes dam 3) 
 
 
 
 
 
(Local) 

The impact will be of long 
term nature and will start 
when topsoil is stripped 
during the construction 
phase and will remain until 
rehabilitation takes place 
by which the impact will 
be alleviated by 
amelioration of the soil 
fertility status 
 
 
 
(Long term) 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility (after 
replacement of 
the topsoil) by 
amelioration of 
the soil fertility 
status 
 
 
Consequence = 
Moderate 

• Soil amelioration will be done 
after replacement of the topsoil 
according to soil analyses and 
the soil fertility will be maintained 
by an annual fertilizing program 
until the area can be declared as 
self sustaining. 

 
 
 
 
 
The environmental consequence 
after mitigation will be low.  

6 Land 
capability 

Land capability is 
determined by soil 
properties and 
therefore the 
impact on soils will 
determines the 
impacts on land 
capability. Stripping 
and replacing of 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude of 
the impact will be 
high because the 
original  land 
capability will 
cease completely 
for the entire 
lifespan of the 
facility until 

The impact will 
be confined to 
the local study 
area (footprint of 
the proposed 
return water dam  
and former 
slimes dam 3) 
 

The impact will be of long 
term nature and will start 
when the topsoil is 
stripped during the 
construction phase and 
will remain until 
rehabilitation takes place 
by which the impact will 
be alleviated to some 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility by 
replacement of 
the topsoil 
 
 

• Stripping, stockpiling and 
replacing of topsoil as described 
in section 7.1.1 and 7.1.3 and 
Table 10. 

• Soil amelioration will be done 
after replacement of the topsoil 
according to soil analyses and 
soil fertility will be maintained by 
means of an annual fertilizer 
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topsoil will result in: 
• The original 

land capability 
classified as 
grazing will 
cease 
completely until 
rehabilitation 
takes place.  

rehabilitation takes 
place.  
 
 
 
 
 
 
 
(High) 

 
 
 
 
 
 
 
 
 
(Local) 

extent depending on 
quality of rehabilitation. 
 
 
 
 
 
 
 
(Long term) 

 
 
 
 
 
 
 
 
Consequence = 
High 

program until self sustaining. 
  
 
 
 
The environmental consequence 
after mitigation can be low 
depending on how precise the 
procedures in 7.1.1 and 7.1.3 were 
executed. 

7 Land use 

Stripping of topsoil 
will result in: 
• The current 

possible land 
uses to cease 
completely. 

 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction.  

The magnitude of 
the impact will be 
high because the 
current land 
capability will 
cease completely 
for the entire 
lifespan of the 
facility until 
rehabilitation takes 
place.  
 
 
(High) 

The impact will 
be confined to 
the local study 
area (footprint of 
the proposed 
return water dam  
and former 
slimes dam 3) 
 
 
 
 
 
(Local) 

The impact will be of long 
term nature and will start 
when the topsoil is 
stripped during the 
construction phase and 
will remain until 
rehabilitation takes place 
by which the impact will 
be alleviated to some 
extent depending on 
quality of rehabilitation. 
 
 
(Long term) 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility by 
replacement of 
the topsoil 
 
 
 
 
 
 
Consequence = 
High 

• Stripping, stockpiling and 
replacing of topsoil as described 
in section 7.1.1 and 7.1.3 and 
Table 10. 

• Soil amelioration will be done 
after replacement of the topsoil 
according to soil analyses and 
soil fertility will be maintained by 
means of an annual fertilizer 
program until self sustaining. 

• Re-vegetation of the area with 
local climax grass species such 
as Digitaria eriantha and 
Panicum maximum. 

  
The environmental consequence 
after mitigation can be low 
depending on how precise the 
procedures in 7.1.1 and 7.1.3 were 
executed. 

2. Nature of impact –  Natural soils covered by stockpiles and dumps (topsoil and subsoil) 

8 Soil 

• Covering the 
natural soil 
surface with 
dumps and 
stockpiles will 
cause the 
natural function 
of soil as growth 
medium and 
habitat for fauna 
and flora to 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction.  

The magnitude on 
the natural 
functioning of the 
soil as a growth 
medium and 
habitat for fauna 
and flora will be 
high because all 
vegetation at the 
footprint of the 
dump will be 

The impact will 
be confined to 
the footprint of 
stockpiles and 
dumps. 
 
 
 
 
 
 

The impacts will be of 
long term nature and will 
commence during the 
construction phase and 
will remain until the 
stockpiles are removed 
which will probably be 
during the 
decommissioning phase. 
 
 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility if the 
stockpiles are 
removed. 
 
 
 
 

• The stockpiles will be placed on 
already disturbed areas if such 
areas are available and suitable. 

• The footprint of stockpiles will be 
contained as far as possible and 
removed as early as possible. 

• Stockpiles will be removed 
during the rehabilitation process 
which will probably take place 
during the decommissioning 
phase.  
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cease.  
 

destroyed 
 
 
 
 
 
(High) 

 
 
 
 
 
 
(Local) 

 
 
 
 
 
 
 (Long term) 

 
 
 
 
 
 
Consequence = 
High 

• Soil amelioration will be done 
according to soil analysis to 
improve the chemical status. 

• Re-vegetations with grass 
mixture of local climax species. 

 
The environmental consequence 
after mitigation will be low  

9 Soil 

• Severe soil 
compaction by 
the weight of 
dumped 
material. 

 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude of 
the impact will be 
moderate because 
compaction will 
alter the natural soil 
physical status 
negatively.  
 
 
(Moderate) 

The impact will 
be confined to 
the footprint of 
the dumps and 
stockpiles. 
 
 
 
 
 (Local) 

The impacts will be of 
long term nature and will 
commence during the 
construction phase and 
will remain until the 
stockpiles and dumps are 
removed which will 
probably be during the 
decommissioning phase. 
(Long term) 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility if the 
stockpiles are 
removed. 
 
 
Consequence = 
Moderate 

• Alleviation of compaction at the 
footprint of dumps and stockpiles 
after removal by ripping actions. 

 
 
 
 
 
 
The environmental consequence 
after mitigation will be low 

10 Land 
capability 

• Covering the 
natural soil 
surface with 
dumps and 
stockpiles will 
cause the land 
capability to 
cease 
completely.  

 
 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction.  

The magnitude of 
the impact will be 
high because the 
original land 
capability will 
cease completely 
until the stockpiles 
and dumps are 
removed. 
 
 
 
 
(High) 

The impact will 
be confined to 
the footprint of 
dumps and 
stockpiles. 
 
 
 
 
 
 
 
 
 (Local) 

The impacts will be of 
long term nature and will 
commence during the 
construction phase and 
will remain until the 
stockpiles and dumps are 
removed which will 
probably be during the 
decommissioning phase. 
 
 
 
 
 (Long term) 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility if the 
stockpiles are 
removed. 
 
 
 
 
 
 
Consequence = 
High 

• The stockpiles will be placed on 
already disturbed areas if such 
areas are available and suitable. 

• All stockpiles will be removed 
during the rehabilitation process. 

• Alleviation of compaction at the 
footprint of dumps/stockpiles by 
ripping actions. 

• Amelioration of topsoil according 
to soil analysis. 

• Re-vegetations with grass 
mixture of local climax species. 

 
The environmental consequence 
after mitigation will be low 

11 Land use 

• Covering the 
natural soil 
surface with 
dumps and 
stockpiles will 
cause all 
possible land 
uses to cease 
completely.  

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction.  

The magnitude of 
the impact will be 
high because all 
possible land uses 
will cease 
completely until the 
stockpiles and 
dumps are 
removed. 

The impact will 
be confined to 
the footprint of 
the dumps and 
stockpiles. 
 
 
 
 

The impacts will be of 
long term nature and will 
commence during the 
construction phase and 
will remain until the 
stockpiles and dumps are 
removed which will 
probably be during the 
decommissioning phase. 

The impact can 
be reversed at 
the end of the 
lifespan of the 
facility if the 
stockpiles are 
removed. 
 
 

• The stockpiles will be placed on 
already disturbed areas if such 
areas are available and suitable. 

• All stockpiles will be removed 
during the rehabilitation process.  

• Alleviation of compaction at the 
footprint of dumps/stockpiles by 
ripping actions. 
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(High) 

 
 
 
 
 
 (Local) 

 
 
 
 
 
 (Long term) 

 
 
 
 
 
Consequence = 
High 

• Amelioration of topsoil according 
to soil analysis. 

• Re-vegetations with local climax 
grass species. 

 
The environmental consequence 
after mitigation will be low 

 
 
 
 
Table 12: Impact assessment – Operational phase 
3. Nature of impact –  Soil pollution by coal related salts caused by leaking pipes or overflows of  return water dams 

12 Soil 

• Possible soil 
pollution (salt 
contamination) 
due to leaking 
slurry or return 
water pipes and 
overflows of 
return water 
dams 

 

The impact will 
be negative 
and a cost to 
the holistic 
environment. 
High 
confidence in 
prediction. 

The magnitude of 
the impact will be 
moderate because 
the natural soil 
chemical status will 
be altered 
negatively.  
 
 
 
 
(Moderate) 

The impact will 
be confined to 
the spot where 
leaks occur or at 
the engineered 
overflow section 
of the return 
water dam 
 
 
 
 (Local) 

The impact is supposed to 
be of short term nature 
and will commence when 
leaks or overflows occur 
and will remain until the 
situation is rectified which 
should commences the 
same or following day 
after the incident 
occurred. 
 
(Short term) 

The impact can 
be reversed to 
some extent by 
removing all 
spilled slurry to a 
suitable disposal 
facility. 
 
 
 
Consequence = 
Low 

• Frequent inspection of the 
condition of pipelines and levels 
of return water dams. 

• Immediate reporting and 
rectification of any leaks, spills or 
overflows.  

• Immediate removal of spilled 
material to suitable disposal 
facility. 

 
The environmental consequence 
after mitigation will be low if 
rectification takes place immediately 
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Appendix 1: Corner point coordinates of proposed 
stockpile positions. 
 
Please note that the coordinates provided in the table below are based on the 
Wg1984 Ellipsoid, Hartebeesthoek 1994 Datum and 27º eastern meridian and Not 
on the Clarke 188O Elipsoid, Cape Datum and LO 27 coordinate system.  
 
Table 13: Coordinates of proposed topsoil stockpile positions 

Corner 
Point 

No 

Projected Coordinate System 
Elipsoid:  Wgs 1984, 

Coordinate sytem: LO 27, 
Datum: Hartebeesthoek 1994 

Geographic Coordinate System 
Elipsoid: Wgs 1984, 

Datum: Hartebeesthoek 1994 
Stockpile options 

X (m) Y (m) X/Lat (dd) Y/Long (dd)  
1 2614906.936 -58613.572 -23.634334 27.574427 Topsoil stockpile – Option 1
2 2614955.852 -58590.596 -23.634777 27.574203 Topsoil stockpile – Option 1
3 2614924.723 -58531.305 -23.634498 27.573621 Topsoil stockpile – Option 1
4 2614858.771 -58533.120 -23.633902 27.573636 Topsoil stockpile – Option 1
5 2614854.391 -58546.809 -23.633862 27.573770 Topsoil stockpile – Option 1
   
6 2614873.398 -58710.125 -23.634028 27.575372 Topsoil stockpile – Option 2
7 2614914.429 -58681.551 -23.634400 27.575093 Topsoil stockpile – Option 2
8 2614857.279 -58599.490 -23.633887 27.574287 Topsoil stockpile – Option 2
9 2614816.249 -58628.065 -23.633515 27.574565 Topsoil stockpile – Option 2
   

10 2614681.827 -58509.016 -23.632306 27.573393 Topsoil stockpile – Option 3
11 2614731.827 -58509.016 -23.632757 27.573395 Topsoil stockpile – Option 3
12 2614731.827 -58409.016 -23.632761 27.572415 Topsoil stockpile – Option 3
13 2614681.827 -58409.016 -23.632309 27.572413 Topsoil stockpile – Option 3
   

14 2614885.257 -57512.794 -23.634178 27.563638 Topsoil stockpile – Option 4
15 2615171.422 -57472.395 -23.636763 27.563254 Topsoil stockpile – Option 4
16 2615168.055 -57426.103 -23.636735 27.562800 Topsoil stockpile – Option 4
17 2614989.623 -57434.520 -23.635123 27.562875 Topsoil stockpile – Option 4
18 2614884.415 -57480.811 -23.634172 27.563325 Topsoil stockpile – Option 4
   

19 2614960.165 -57590.227 -23.634852 27.564400 Topsoil stockpile – Option 5
20 2615120.080 -57589.385 -23.636296 27.564398 Topsoil stockpile – Option 5
21 2615136.072 -57522.053 -23.636442 27.563739 Topsoil stockpile – Option 5
22 2614960.165 -57545.619 -23.634853 27.563963 Topsoil stockpile – Option 5
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I EXECUTIVE SUMMARY 
 
During the last year the current main entrance of Grootegeluk Mine (Figure 1) has 
become a safety hazard as well as a bottleneck, due to an increase in traffic. Road 
transport has increased as a result of underperformance from Trans Freight and Rail, 
who cannot effectively supply enough rail transport to the mine.   
The resulting increase in the number of trucks as well as visitors to the mine is putting 
pressure on the existing entrance facilities to comply with legal access requirements 
and to facilitate effective contractor management. 
 
It was therefore decided to upgrade the Grootegeluk Mine Entrance Gate and 
various alternatives were investigated which includes: 

• Alternative 1: Building a new main entrance; 
• Alternative 2: Splitting the entrance into two entities and revamping the 

current entrance for access control; and using the second as a weigh 
facility for large transporters; and 

• Alternative 3: To upgrade the current Main Entrance Gate. 
 
All alternatives were investigated, but alternatives 2 and 3 were rejected due to viability 
restrictions, thus leaving Alternative 1 as the preferred option. 
 
Rehab Green Monitoring Consultants cc conducted a detailed soil, land capability and 
land use assessment of the proposed infrastructure area during December 2011 in 
order to: 
 

• Classify and map soil forms within the proposed opencast footprint according to 
the South African Taxonomic Soil Classification System, 1991; 

• Derive and map land capability based on soil properties; 
• Map all pre-mining and current land uses; 
• Compile a soil stripping and stockpiling plan with rehabilitation guidelines; 
• Identify soil properties related to wetness to enable the delineation of zones with 

similar degrees of wetness categorized in permanent, seasonal or temporary 
wetland zones based on guidelines of the Department of Water Affairs; 

• Locate a 100 m buffer line along the outer edge of wetlands; and 
• Determine all possible impacts by the proposed operation and provide 

associated mitigation measures. 
 
CONCLUSION 
 
Soils and land capability 
 
The total proposed main entrance infrastructure area consist of red, well-drained, sandy 
clay loam soils with arable land capability and moderate agricultural potential, 
dominated by the Hutton soil form, symbolized as soil type Hu1 on the soil map Figure 
3.  
 
Pre-mining land use (See Figure 5) 
 
The total proposed infrastructure area was used for grazing purposes (mainly cattle) 
prior to mining activities and the entire area became vacant after the introduction of 
mining activities. Currently 82.41% of the area is still vacant (no specific land use). The 
remaining area comprises a tar road (2.33%), a gravel road (10.59%), a life line 
structure (2.15%) and a disturbed section adjacent to the existing loading tower 
(2.53%). 
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Wetlands 
 
No wetlands occur within the proposed infrastructure area. 
 
Impact assessment 
 
Soil stripping and replacing, no matter whether it is stockpiled or immediately replaced, 
will always have a high potential degrading impact on soil, post-mining land capability 
and land use. Poor rehabilitation generally leads to the large scale deterioration from 
pre-mining to post-mining land capability or agricultural potential in South Africa. The 
degree of degradation will always depend on the precise execution, management 
and monitoring of the rehabilitation procedures.  
 
In practice, this means that good proposed rehabilitation procedures do not 
automatically manifest in good rehabilitation and subsequent land capability. The 
responsible parties must ensure that rehabilitation is executed precisely according to 
the required specifications and standards; and to ensure success it has to be 
progressively monitored by a competent specialist. 
 
The impacts in terms of soil and subsequent land capability and land use (section 9, 
Table 10) were evaluated and the significance was rated as moderate without 
mitigation. The impact after mitigation is hard to predict because it is solely dependant 
on the quality of rehabilitation. The impacts can however be mitigated to acceptable 
levels if the rehabilitation procedures in section 6 are executed precisely and 
progressively monitored by a competent third party. 
 
Conditions and declaration 
 
Rehab Green cc declare that with proper execution of rehabilitation procedures 
described in section 6 the impact on soils and subsequent land capability and land use 
can be minimized to acceptable levels. From a soils point of view the project can 
therefore be supported on condition that all the recommended monitoring actions in 
section 8 are executed and where applicable are maintained for the entire operational 
phase. 
 
RECOMMENDATIONS 
 
Monitoring actions 
 
In order to guarantee successful rehabilitation, the procedures in section 6 need to be 
executed precisely and the following needs to be monitored. 
 

• Storing of all excess topsoil after erection of structures on 1 communal stockpile; 
• No mixing of topsoil and underlying weathered rock;  
• Proper cleaning, backfilling and leveling of structure footprints during the 

decommissioning phase; 
• Amelioration of soil fertility according to chemical analysis after leveling, before 

seeding/re-vegetation; 
• Re-vegetation of rehabilitated areas as soon as possible (early in summer) with 

a grass mixture dominated by local climax species such as Panicum maximum 
and Digitaria eriantha; and 

• Monitoring of soil erosion on the rehabilitated areas and remediation if 
necessary until the area can be declared as stabilized and self sustaining. 
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1. INTRODUCTION 
 
1.1 Project background 
 
During the last year the current main entrance of Grootegeluk Mine (Figure 1) has 
become a safety hazard as well as a bottleneck, due to an increase in traffic. Road 
transport has increased as a result of underperformance from Trans Freight and Rail, 
who cannot effectively supply enough rail transport to the mine.   
The resulting increase in the number of trucks as well as visitors to the mine is putting 
pressure on the existing entrance facilities to comply with legal access requirements 
and to facilitate effective contractor management. 
 
Thus, it was decided to upgrade the Grootegeluk Entrance Gate and various 
alternatives were investigated which includes: 

• Alternative 1: Building a new main entrance; 
• Alternative 2: Splitting the entrance into two entities and revamping the 

current entrance for access control; and using the second as a weigh 
facility for large transporters; and 

• Alternative 3: To upgrade the current Main Entrance. 
 
All alternatives were investigated, but alternatives 2 and 3 were rejected due to viability 
restrictions, thus leaving Alternative 1 as the preferred option. 
 
The New Entrance will thus consist of: 

• The following Brick Buildings 
o Induction Building (103m2) 
o Contractor Management Building (97m2) 
o Risk Management Offices (227m2) 
o Ablution Facilities (32m2) 
o Weigh Bridge Building (6m2) 

• Roof Structure of Steel and Chromadek (208m2) 
• Three weighbridges (21m X 2.7m) 
• Parking Area consisting of: 

o 30 paved/concreted visitors parking spaces (1.186m2)  
o 10 paved/concreted parking employee parking spaces (508m2) 
o Gravel Turn around area (1823m2) 
o Gravel Truck waiting area for 15 trucks (10m wide) 

• 14 incoming and 15 outgoing truck parking bays are now required; 
• Roads Tarred: 

o Bypass Roads -2,549m2 
o Extension Road upgrade from Gravel to Tar (893m2) 
o Entrance Road 1 – (6720m2) 
o Entrance Road 2 – (294m2) 
o Entrance Road 3 – (270m2) 

• Roads Concrete: 
o Circle – 445m2 
o Entrance Road 1 – (339m2) 

• Pipelines: 
o 600m, 110mm sewage pipe 
o 640m, 160mm Potable water line 

• Steel fence 351 m. 
 
In order to comply with environmental legislation Rehab Green Monitoring Consultants 
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cc was requested to conduct a detailed soil, land capability and land use assessment of 
the proposed new main entrance area during December 2011. 
 

 
Figure 1: Regional setting of Grootegeluk Mine 
 
1.2 Assumptions 
 
No assumptions apply to this assessment. 
 
2. STUDY AIMS AND OBJECTIVES 
 
The aim of the study was to conduct a detailed soil assessment in order to: 
 

• Classify and map soil forms within the proposed new main entrance area 
according to the South African Taxonomic Soil Classification System, 1991; 

• Derive and map land capability based on soil properties; 
• Map all pre-mining and current land uses; 
• Compile a soil stripping and stockpiling plan with rehabilitation guidelines; 
• Identify soil properties related to wetness to enable the delineation of zones with 

similar degrees of wetness categorized in permanent, seasonal or temporary 
wetland zones based on guidelines of the Department of Water Affairs; 

• Locate a 100 m buffer line along the outer edge of wetlands; and 
• Determine all possible impacts by the proposed operation and provide 

associated mitigation measures. 
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The study provides input to the Environment Impact Assessment (EIA) as required in 
terms the Mineral and Petroleum Resources Development Act (MPRDA), Act 28 of 
2002 and the National Environmental Management Act (NEMA), Act 107 of 1998. The 
Acts require that pollution and/or degradation of the environment is to be avoided, or 
where either aspect cannot be avoided, is to be minimized and remedied.  
 
3. STUDY AREA AND KEY COMPONENTS OF THE OPERATION 
 
The study area comprises 12.95 ha (demarcated in yellow in Figure 2), situated 
adjacent to the current main entrance of Grootegeluk Mine. The position of the major 
new infrastructure is indicated in Figure 2. A more detailed description of the new 
infrastructure is provided in section 1.1. 
 
The topography in the study area consists of gentle midslopes (1% slopes) with no 
drainage lines or seepage zones. 
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4. METHODOLOGY 
 
4.1 Field preparation 
 
In order to do accurate surveying all available data was processed with the aid of 
advanced Geographic Information System (GIS) software (ArcGIS 9.3.1). The extent of 
the proposed new main entrance infrastructure area was received from Golder 
Associates in electronic dwg format named “Main entrance_Waterberg Offices_P9081-
BP-KO-OPTION 6-REV h -CLEAN FInal” 
 
The dwg file was transformed to a shapefile format and superimposed on a Google 
Earth image as well as 1:50 000 scale topographic sheets. Field observation points 
were generated at a density of approximately 100 m apart.  The coordinates of the 
observation points were calculated and loaded on a Geographic Positioning System 
(GPS) to accurately locate the position of the observation points in the field. Large scale 
field maps (1:5000 scale) showing the proposed mining area and observation points on 
both aerial and topographic background data were printed to use during the field 
assessment.  
 
4.2 Soil classification 
 
The soils were investigated by making observations with the use of a bucket type 
auger to a maximum depth of 1500 mm, or to the depth of refusal. At each 
observation point the South African Taxonomic Soil Classification System (Soil 
Classification Working Group, 2nd edition 1991) was used to describe and classify 
the soil. The classification system categorise soil types in an upper soil Form level 
which are subdivided in a number of lower Family levels. Each soil Form (higher 
level) is defined by a unique vertical sequence of soil horizons with specific defined 
properties. The soil Families (lower level) are a subdivision of the soil Form (higher 
level) differentiated on the basis of specific characteristics such as leaching status, 
calcareousness, structure types and sizes etc. 
 
In this way, standardised soil identification and communication is allowed by use of soil 
Form names and family numbers or names e.g. Hutton 2100 or Hutton Hayfield. The 
soil Form and soil Family together are referred to as soil types.  At each auger 
observation point, the following procedure was followed to note soil properties and 
classify soils accordingly: 
 
i) Identify applicable diagnostic horizons by noting the physical properties such as: 
 

• Effective depth (depth of soil suitable for root development); 
• Colour (in accordance with Munsell colour chart); 
• Texture (refers to the particle size distribution); 
• Structure (aggregation of soil particles into structural units); 
• Mottling (alterations due to continued exposure to wetness);  
• Concretions (cohesion of minerals into hard fragments); 
• Leaching (removal of soluble constituents by percolating water); 
• Gleying ( reduction of ferric oxides under anaerobic conditions resulting in 

grey, low chroma soil colours); and 
• Illuviation of colloidal mater from one horizon to another resulting in the 

development of grey sandy E-horizons and grey clay G-horizons. 
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ii) Determine according to above properties the appropriate soil Form and soil Family. 
 
The soil Forms are indicated by the name and the Family by its appropriate number e.g. 
Hutton 2100. The soil Form and Family were then symbolized e.g. Hu and referred to as 
soil type Hu. The soil Form and Family were often further categorized based on 
effective soil depth, terrain unit and slope and a numerical number was added to the 
symbol e.g. Hu1.  For example, where the Hutton 2100 soil Form and Family occurs at 
an effective depth of 900-1200 mm, it was symbolized and referred to as soil type Hu1; 
and where this soil Form and Family occurs at an effective depth of 600-900 mm it was 
symbolized and referred to as soil type Hu2 (see Soil Legend, Table 2). 
 
4.3 Soil properties and characteristics 
 
Various terms in the soil legend (Table 2) are used to describe a series of soil properties 
and characteristics such as the dominant soil Form and Family, effective soil depth, 
internal drainage, and clay content per soil horizon and texture class.  
 
4.3.1  Effective soil depth 
 
Effective soil depth can be considered as the depth freely permeable to plant roots and 
water. Effective soil depth categories used in the soil legend are as follows: 
 
Very shallow  - < 300mm 
Shallow         - 300-600 mm 
Moderately deep - 600-900 mm 
Deep   - 900-1500 mm 
Very deep  - > 1500 mm  
 
4.3.2 Internal drainage 
 
Internal drainage is the flow of water (annual precipitation) through the soil profile. Soils 
with the ability to drain annual precipitation though the profile without waterlogged 
periods within certain parts of the profile are called well-drained soils. Soils which lack 
this ability will display properties indicating temporary to permanent water logged 
conditions in parts of the soil profile in the form of mottling, leaching or gleying. 
 
Moderately well-drained soils mostly display impeded internal drainage in the lower 
profile e.g. soft plinthic horizons, which is the result of periodic fluctuating water tables 
which are characterized by mottling and accumulation of iron and manganese oxides.  
 
Imperfectly drained soils mostly display impeded internal drainage in the upper and 
lower part of the profile e.g. E and plinthic horizons, which is the result of periodic lateral 
flow of water in the profile and fluctuating water tables which are characterized by grey, 
leached, sandy horizons and mottled plinthic horizons. 
 
Poorly drained soils mostly display impeded internal drainage in the upper and lower 
part of the soil profile e.g. E, plinthic and G-horizons and are the result of long term to 
permanent wetness in the soil profile and are characterized by grey, leached, sandy 
horizons, mottled plinthic horizons and gleyed clay horizons. 
 
4.3.3 Texture class 
 
Soil texture refers to the relative proportions of the various particle size separates in the 
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soil. Particle sizes are defined in the following fractions. 
 
Sand – (2.0 – 0.05 mm) 
Silt – (0.05 – 0.002 mm) 
Clay – (< 0.002 mm) 
 
The relative proportions of these 3 fractions (as illustrated by the red arrows in the 
diagram below) determines 1 of 12 soil texture classes e.g. sandy loam, loam, sandy 
clay loam etc. The different texture class zones are demarcated by the thick black lines 
in the diagram. The green zone can be used as a guideline for moderate to high 
agricultural potential, but need to be evaluated together with other soil properties.  
 
 

 
 
4.4 Soil sampling and analyses 
 
The A and B or E or G-horizons (0-250 and 300-700mm) of the dominant soil types 
were sampled and analysed in the soil laboratories of the South African Institute for Soil, 
Climate and Water (ISCW). The laboratory methods, which are currently in use for 
routine analyses in South Africa, as set out in the Handbook of Standard Testing for 
Advisory Purposes (Soil Science Society of South Africa, 1990), were used.  
 
General fertility analyses were done. Soil acidity (pH) was determined in a 1:2.5 water 
solution. Extractable cations, sodium (Na), potassium (K), calcium (Ca) and magnesium 
(Mg) were determined by the ammonium acetate method. The P status (phosphorus) 
was determined by the Bray 1 method. 
 
4.5  Land capability and agricultural potential classification 
 
Land capability was assessed according to the definitions of the Chamber of Mines of 
South Africa and Coaltech Research Association (Guidelines for the Rehabilitation of 
Mined land. 2007, Johannesburg). Soils types were classified accordingly into 3 
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categories namely arable, grazing, and wilderness (excluding wetlands).  
 
Wetlands are delineated according to the practical field procedure for the identification 
and delineation of wetlands and riparian areas (Department of Water Affair and 
Forestry, 2005) and the methodology is described in Section 4.6.  
 
The agricultural potential of soils was based on soil properties noted during auger 
observations namely effective soil depth, texture, terrain unit, slope, soil wetness and 
disturbances. The effective soil depth is the main determining soil characteristic and 
was applied as follows: 
 
Moderately and well-drained soils with an effective depth less than 600 mm were 
classified as low agricultural potential, 600-900 mm as moderate and deeper than 900 
mm as high agricultural potential. All disturbed areas were classified as low agricultural 
potential. Leached, grey, sandy soils showing evidence of periodic percolating water 
tables were classified as low agricultural potential. Black and grey clay soils showing 
evidence of poor internal drainage was classified as low agricultural potential. 
 
4.6  Wetland delineation 
 
4.6.1 Legal framework 
 
In order to determine the existence and extent of a wetland in the proposed 
infrastructure area the legal framework on what classifies as a wetland should be 
applied. The National Water Act, 1998 (Act 36 of 1998), (NWA), includes a wetland in 
the definition of a watercourse. A watercourse is: 
 

• “a river or spring; 
• a natural channel in which water flows regularly or intermittently; 
• a wetland, lake or dam into which, or from which, water flows, and 
• any collection of water which the Minister may, by notice in the 

Gazette, declare to be a watercourse.” 
 
A wetland is then further defined by the NWA as “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”.  
 
Based on the above definition, the Department of Water Affairs and Forestry (DWAF), 
now the Department of Water Affairs (DWA) published a set of guidelines describing 
field indicators and methods for determining whether an area is a wetland or riparian 
area, and for finding its boundaries (DWAF, 2005). These guidelines state that wetlands 
must have one or more of the following attributes: 
 

• Wetland (Hydromorphic) soils that display characteristics resulting from 
prolonged saturation; 

• The presence, at least occasionally, of water loving plants (hydrophytes); 
and 

• A high water table that results in saturation at or near the surface, leading to 
anaerobic conditions developing in the top 50cm of the soil.  

 
Based on the NWA definition of a wetland, four indicators were identified within the 
DWAF (2005) guidelines to assist in identifying wetland areas: 
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• Terrain Unit Indicator. The topography of the area is usually used to 

determine where in the landscape the wetland is likely to occur.  
• Soil Form Indicator. Certain soil forms, as defined by the Soil Classification 

Working Group (1991), are associated with prolonged and frequent 
saturation.  

• Soil Wetness Indicator. The soil wetness indicator identifies the 
morphological “signatures” developed in the soil profile as a result of 
prolonged and frequent saturation. 

• Vegetation Indicator. The vegetation indicator identifies hydrophilic vegetation 
associated with frequently saturated soils. 

 
4.6.2 Processes in wetland soils and associated properties 
 
Auger observations were made systematically in transects of 150 m apart towards 
wetlands at 50 m intervals in order to locate the point from where clear evidence of 
wetness occurs within 500 mm from the surface.  
 
The following processes normally takes place under anaerobic/saturated or so-called 
wetland conditions: 
 

• Mottling (localized colouring and alterations due to continued exposure to 
wetness); 

• Concretions (accumulation and cohesion of minerals into hard fragments). 
• Leaching (removal of soluble constituents by percolating water); 
• Gleying ( reduction of ferric oxides under anaerobic conditions resulting in 

grey, low chroma soil colours); and 
• Illuviation of colloidal mater from 1 horizon to another resulting in the 

development of grey sandy E-horizons and grey clay G-horizons. 
 
These processes usually result in soil properties which provide undisputable 
evidence of temporary to permanent wetness, such as: 
 
Dark grey coloured A-horizons 
 
The A-horizon is the upper 200-300 mm of the soil profile and is usually defined by a 
slight darker colour due to a greater or lesser amount of humified organic matter. The 
dark grey A-horizon is common to almost all the soils found in permanent and seasonal 
zones. The dark grey colour appears usually only in the moist state and rapidly fades in 
to a plain grey colour when it dries out. The dark appearance is due to higher organic 
carbon content which builds up under the long term moist conditions in a wetland 
system. The carbon and also fine organic matter looses its dark colour in the dry state 
and the grey colour of the soil particles became prominent. The grey soil colour is the 
result of the removal of soluble constituents (iron oxides, silicate clay) by percolating 
water. The dark grey A-horizon is common in permanent, seasonal and temporary 
wetland zones. 
 
Grey to pale grey E-horizons 
 
The E-horizon underlies the A-horizon having a lower content of colloidal matter (clay, 
sesquioxides, organic matter) usually reflected by a pale colour and a relative 
accumulation of quarts and/or other resistant minerals of sand or silt sizes. The E-
horizon develops under high lateral flow (permanent or periodic) of water in the soil 
profile, which removes some colloidal matter to the lower soil profile and some further 
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down the wetland system. The E-horizon is thus the flow path for shallow groundwater 
in the wetland zone. The grey and pale grey E-horizon is common in permanent and 
seasonal wetland zones and less common in temporary zones. 
 
Yellowish grey E-horizons 
 
The colour of the E-horizon reflects the intensity of removal of colloidal matter from the 
horizon. This results in the phenomenon that some E-horizons have a yellowish colour 
in the moist state but become grey in the dry state. The yellowish colour in the moist 
state is due to an incomplete covering of the mineral soil particle by ferric oxides and 
indicates a less leached state and less anaerobic (saturated conditions) conditions. The 
yellowish E-horizons are therefore strongly related to temporary wetland zones and 
occur less in seasonal or permanent wetland zones. 
 
Plinthic horizons 
 
Plinthic horizons are characterised by localization and accumulation of iron and 
manganese oxides under conditions of a fluctuating water table, resulting in distinct 
reddish brown, yellowish brown and/or black mottles, with or without hardening to form 
sesquioxide concretions. Plinthic horizons are the result of fluctuating water tables 
which implies wetter and dryer phases and are therefore found commonly in seasonal 
and temporary wetland zones and less in permanent wetland zones. 
 
G-horizons 
 
Gleying is the process of reduction of ferric oxides and hydrated oxides under anaerobic 
conditions, resulting in grey, low chroma matrix colours. This usually goes along with 
clay illuviation from the upper horizon which results in a grey clay horizon and is called a 
G-horizon. G-horizons are commonly found in permanent wetland zones, occasionally 
in seasonal zones and rarely in temporary wetland zones. 
 
4.7  Land use mapping 
 
The localities and extents of land use practices were surveyed during the time of the soil 
assessment.  
 
4.8  Erodibility evaluation 
 
Erodiblity was broadly assessed based on soil texture, slope and the inherent stability of 
the parent rock (geology) from which the soil originated. 
 
Low: Soils with stable physical and chemical properties which occur on flat to gentle 
slopes to ensure low erosion susceptibility in the natural state. Few erosion protection 
measures are necessary.  
 
Moderate: Soils with low to moderately unstable physical or chemical properties or soils 
occurring on moderate to steep slopes. Sheet and rill erosion often occur in the natural 
state but may become severe when these soils are disturbed or due to any misuse such 
as overgrazing. Erosion protection measures are necessary.   
 
High: Soils with unstable physical and chemical properties or soils occurring on very 
steep slopes. Rill and donga erosion often occur in the natural state and will become 
severe during any disturbance or misuse. Specialised erosion protection measures are 
necessary. 



 16

 
   

 
4.9 Map compilations 
 
The field data was captured in shapefile format (shp) and processed and stored in a 
Geographic Information System called ArcGIS, version 9.3.1. The maps are compiled in 
a map extendable document format (mxd) and exported to Jpeg format. The shapefiles 
can be exported to a dxf or dwg format for CAD users. The shapefiles, dxf and dwg 
formats are available on request. 
 
The maps were generated in a projected coordinate system using the longitude of origin 
(LO) coordinate system based on the 27° East meridian, WG1984 Elipsoid and 
Hartebeesthoek 1994 Datum.  
 
4.10 Impact assessment 
 
This assessment evaluates the effects of the proposed project on the soil 
environment. Each potential impact was assessed according to the following criteria: 
 

• Magnitude is a measure of the degree of change in a measurement or 
analysis which is classified as minor/negligible, low, moderate, high or very 
high. 

 
• Scale/Geographic extent refers to the area that could be affected by the 

impact and is classified as none, site only, local, regional, national, or 
international. 

 
• Duration refers to the length of time over which an environmental impact may 

occur: i.e. Immediate (less than 1 year), short-term (0 to 7 years), medium 
term (8 to 15 years), long-term (greater than 15 years with impact ceasing 
after closure of the project) or permanent. 

 
• Probability of occurrence is a description of the probability of the impact 

actually occurring as improbable (less than 5 % chance), low probability (5 % 
to 40 % chance), medium probability (40 % to 60 % chance), highly probable 
(most likely, 60 % to 90 % chance) or definite (impact will definitely occur). 

 
• Direction of an impact may be positive, neutral or negative with respect to 

the particular impact. 
 

• Reversibility is an indicator of the potential for recovery of the endpoint from 
the impact. 

 
• Frequency describes how often the impact may occur within a given time 

period and is classified as low, medium or high frequency. Seasonal 
considerations should be discussed where these are important in the 
evaluation of the impact. 

 
The significance of the identified impacts was determined using the approach outlined 
below. This incorporates two aspects for assessing the potential significance of impacts 
(terminology from the Department of Environmental Affairs and Tourism Guideline 
document on EIA Regulations, April 1998), namely occurrence and severity, which are 
further sub-divided as follows: 
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Table 1: Impact assessment methodology 
OCCURRENCE Severity 

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

To assess each impact, the following four ranking scales are used: 

PROBABILITY DURATION 
5 - Definite/don’t know 5 - Definite/don’t know 
4 - Highly probable 4 - Highly probable 
3 - Medium probability 3 - Medium probability 
2 - Low probability 2 - Low probability 
1 - Improbable 1 - Improbable 
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  
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 150 significance points (SP). The impact significance points are assigned 
a rating of high, medium or low with respect to their environmental impact as follows: 

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 is likely to result in positive 
consequences/effects. 

Potential impacts were assessed using the above calculation and rating system, and mitigation 
measures were proposed for all relevant project phases (construction to decommissioning). 
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5. SURVEY RESULTS 
 
5.1 Dominant soil types 
 
Soil types were mapped based on soil information gathered by means of auger 
observations on a 100 x 100 meter pre-determined grid. The localities of the 14 auger 
observation points are shown on the soil map, Figure 3, as yellow and red dots. The 
auger observations, shown as red dots, were sampled and chemically analysed. The 
soils in the study area were found to be very homogeneous and only 1 soil type, based 
on dominant soil form, effective soil depth, internal drainage, terrain unit and slope 
percentage were identified during field observations and were symbolised as Hu1. The 
total proposed new entrance area consist thus of soil type Hu1, dominated by the 
Hutton 3100 soil form and family as shown on the soil map, Figure 3.  
 
The soil types are summarised in the soils legend (Table 2) in terms of the following 
aspects: 
 

• Dominant and subdominant soil forms and families;  
• Average effective soil depth;  
• The estimated clay content of the A and B or E or G-horizons;  
• The derived texture class;  
• A description of the terrain unit and slope, a broad description of the 

dominant soil form and terrain type;  
• A description of the soil horizon sequences;  
• The soil’s derived land capability and wetland zone classification as well as the 

number of units per soil type; and 
• The area and percentage comprised by each soil type. 

 
 



 19

 
   

 
 
 
 
 
 
 
 



  20 

 

Table 2: Soil legend based on soil types, effective soil depth, terrain unit and slope percentage 
SOIL LEGEND 

Soil Type 
Code 

Dominant  & 
subdominant Soil 
Form and Family 

Effective 
Soil Depth 

(mm) 

% Clay per 
horizon 

A, E, G, B 
Texture 
Class 

Terrain unit 
and slope 

Summarized description of 
terrain and soil type 

Summarized description of soil horizons 
sequences 

Land 
Capability

Wetland 
zone 

No of 
Units 

Area 
(ha) 

Area 
(%) 

Hu1 
* Hutton 3100 
Kimberley 1100 
Plooysburg 1000 

700-900 A: 20-25 
B1: 25-30

Sand clay 
loam 

Gentle 
midslope 
(1% slopes) 

Moderately deep (700-900 
mm), red, well-drained, 
sandy clay loam soils 
underlain by weathered 
rock. 

Reddish brown, sandy clay loam Orthic 
A-horizons overlying red, apedal, sandy 
clay loam B-horizons, overlying 
weathered rock or occasionally soft or 
hard carbonate. 

Arable Terrestrial 1 12.95 100.0 

* Dominant soil form and family TOTAL 1 12.95 
-

86.04
.0 
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5.2 Other derived soil properties 
 
Derived soil properties of each soil type, e.g. natural fertility, dry land production 
potential and irrigation potential are given in Table 3.  Properties were evaluated in 
terms of three classes: high, moderate, and low with classification in-between these 
(see section 4, Methodology). 
 
Table 3: Other Derived soil properties 
Soil Type 

Code Natural Fertility Erodibility 
Dry land crop 

production 
potential 

Soil potential for 
Irrigation 

Hu1 Moderate to high Low Moderate High 
 
5.3 Soil chemical analyses 
 
The localities of the sampling points are shown on the detailed soil map, Figure 3 and 
the coordinates are provided in Table 6.  
 
Samples of the A-horizon (0-200 mm) of the dominant soil type were analysed and the 
analytical results are shown in Table 4. The averages of the cations [potassium (K), 
calcium (Ca) magnesium (Mg) and sodium (Na)] as well as phosphorus and pH were 
calculated and highlighted in yellow.  
 
Table 4: Soil chemical analyses 

Samp 
Point 

Soil 
Form Hor Depth 

K Ca Mg Na 
Titr.Acid Acid 

saturat.
Resis-
tance 

P 
(Bray1) 
mg/kg 

pH 
(H2O) 

mg/kg mg/kg mg/kg mg/kg
Ammonium acetate cmol(+)/kg % ohm 

M3 Hu3100 A 0-200 296 1237 359 10.9 0   1320 1.4 6.7 
M6 Hu3100 A 0-200 335 1138 321 10.8 0   1360 1.2 7.09 
M8 Hu3100 A 0-200 257 1095 252 7.9 0   1570 1.3 6.6 
M12 Hu3100 A 0-200 276 1047 311 8.7 0   1230 1.5 6.51 

Averages 291 1129 310 9.5    1.35 6.8 
 
5.3.1  Soil fertility status 
 
The averages of the cations (K, Ca, Mg and Na) as well as phosphorus and pH 
(highlighted in yellow, Table 4) were compared to general fertility guidelines in Table 5.  
 
Table 5: Soil fertility compared to broad fertility guidelines  

Guidelines (mg/kg) Actual analysis 

 Low High Average calculated in Table 4 
(mg/kg) 

Potassium (K) <40 >250 291 - (High) 
Calcium (Ca) <200 >3000 1129 - (Moderate) 
Magnesium (Mg) <50 >300 310 - (High) 
Sodium (Na) <50 >200 9.5 - (Low, which is positive) 
Phosphorus (P) <5 >35 1.35 - (Low) 

pH(H2O)  
Very 
acid Acid Slightly 

acid neutral Slightly 
alkaline Alkaline  

<4 5-5.9 6-6.7 6.8-7.2 7.3-8 >8 6.8 ( Neutral) 
 
The averages of K (291 mg/kg) and Mg (310 mg/kg) values are high and Ca (1129 
mg/kg) is moderate (see comparison in Table 5) and reflect a general high fertility 
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status. The average sodium (Na) value of 9.5 mg/kg is low, which is positive and 
indicates an absence of sodic soil conditions. 
 
The average pH value of 6.8 indicates slightly acid to neutral soil conditions.  
 
The average phosphorus value of 1.35 mg/kg is low and reflects the general low P 
status of uncultivated soils (natural – not fertilized). 
 
Table 6: Coordinates of soil sampling points 

Coordinates of Soil Sampling Points 

Soil 
sampling 

point 

Projected Coordinate System 
Elipsoid: WGS 1984 

Central meridian: 27º East 
Datum: Hartebeesthoek 1994 

Geographic Coordinate System 
Elipsoid: WGS 1984 

Coordinate system: Decimal degrees
Datum: Hartebeesthoek 1994 

X (m) Y (m) X/Lat (dd) Y/Long (dd)
M3 2617226.183 -57552.922 -23.655312 27.564122
M6 2617441.023 -57672.622 -23.657248 27.565304
M8 2617549.352 -58001.745 -23.658214 27.568534
M12 2617591.113 -57840.491 -23.658597 27.566955
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5.4 Land Capability 
 
The land capability and agricultural potential of soils were classified according to 
guidelines specified in section 4.5. The land capability and agricultural potential of each 
soil type, based on soil properties, is described in the soil legend Table 2. Additional soil 
properties are rated in Table 3.  
 
The location and extent of land capability classes within the study area are shown on 
the land capability map Figure 4. 
  

 
 



  24 

 

Table 7 serves as the land capability legend (Figure 4) and shows the land capability 
classes, the associated soil types which were grouped into each land capability class, a 
broad description of the soil group, the number of units per land capability class, and the 
area and percentage comprised by each land capability class.  
 
Table 7: Land capability legend 

Land 
Capability 

Code 

Land 
Capability 

Class 
*Soil 

Types 
Broad soil and terrain 

description 
Unit 

Count 
Area 
(ha) 

Area 
(%) 

A Arable Hu1 

Gentle midslope (1% slope); 
Moderately deep (700-900 mm), red, 
well-drained, sandy clay loam soils 
underlain by weathered rock.

1 12.95 100.0 

G Grazing - - 0 0 0 

W Wetland - - 0 0 0 

WDN Wilderness - - 0 0 0 

*See soil map, Figure 3 Total 1 12.95 100.0 

 
 
5.5 Wetland delineation 
 
Land capability was assessed (section 5.4) in categories of arable land, grazing land, 
wetlands and wilderness land. Wetlands were therefore delineated as part of the land 
capability assessment, based on soil properties, as shown in Figure 4. However, no 
wetlands occurred in the study area. 
 
5.6 Pre-mining land use 
 
The locality and extent of pre-mining land uses within the study area are shown on the 
land use map Figure 5. Table 8 serves as land use legend and shows pre-mining land 
uses, the area and percentage comprised by each land use and the number of units per 
land use within the study area. 
 
Table 8: Pre-mining land use legend 

Land Use 
Code Pre-mining Land Use Unit Count Area (ha) Area (%) 

V-G Grazing prior to mining 
activities, but currently vacant  5 10.68 82.41 

TR Tar road – current main 
entrance access road. 1 0.3 2.33 

GR Gravel road 1 1.36 10.59 

LL Life line structure 1 0.28 2.15 

V-D/L 
Disturbed section adjacent to 
loading tower with no specific 
land use 

1 0.33 2.53 

TOTAL 9 12.95 100.01 
 



  25 

 

 
 
 
5.7 Historical agricultural production 
 
Crop yields vary from farm to farm and field to field due to various factors, such as soil 
types and climatic conditions e.g. annual precipitation, temperature, day lengths, heat 
units etc. It is therefore more reliable to obtain crop yields from fields within the study 
area rather that using regional statistics. However, no historical production information 
could be obtained. The potential crop yields were estimated by Rehab Green cc (Table 
9) based on the physical soil properties and an average annual precipitation of 400 mm.  
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Table 9: Estimate agricultural production potential 

*Soil Types Derived soil 
potential 

Estimated dry land yields  
Maize 
(t/ha/a) 

Soybeans 
(t/ha/a) 

Grazing capacity 
ha/large stock unit 

Hu Moderate 3-5 1.0-1.5 10 

* See soil map Figure 3 
 
 
5.8 Evidence of misuse 
 
No evidence of misuse was observed. 
 
 
6.    PROCEDURES FOR STRIPPING AND HANDLING OF SOILS DURING 

THE CONSTRUCTION AND OPERATIONAL PHASES 
 
6.1 Construction phase 
 
The erection of mining infrastructure such as buildings, tar and concrete roads, weigh 
bridges and parking will have impacts on soil, land capability and land use during the 
construction phase.  
 
6.1.1 Buildings, roof structures, weigh bridges, parking areas, tar roads, 
concrete roads, pipelines and steel fences  
 
Some excavation of topsoil for the foundations of these structures will probably take 
place. The amount of topsoil removed will depend on the nature and type of structure 
and will probably vary from very little to substantial. A principle should be followed to 
store all excavated topsoil from all of the proposed structure footprints, on one 
communal stockpile, in order to prevent deterioration of small amounts of soil stored in 
various locations. The soil should then be used for rehabilitation of the structure 
footprints during the decommissioning phase. 
 
The topsoil depth within the proposed infrastructure area varies from 700-900 mm (soil 
map Figure 3), after which it fades abruptly into weathered rock. The weathered rock 
may by no means be stripped together with the topsoil. The low quality weathered rock 
will decrease the quality of the topsoil substantially when being mixed during stripping. 
This will result in substantial deterioration of soil quality and post mining land capability. 
Only the upper part of the topsoil will probably be stripped for the foundations of the 
majority of the proposed structures. However, in cases where topsoil is stripped deeper 
than 900 mm, the underlying weathered rock should be stockpiled separately. 
 
6.2 Operational phase 
 
After erection of the structures no handling of soils must take place. 
 
6.3  Decommissioning phase 
 
During the decommissioning phase all structures should be completely demolished and 
all foundation should be removed. 
  

• Before topsoil can be replaced, the footprint of all structures should be 
thoroughly cleaned of all building material or rubble, without removing more 
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topsoil.  If furrows or ditches occur, these should be backfilled with stored topsoil 
similar to the surrounding (pre-mining) elevation, in order to ensure a 
continuation of the pre-mining surface drainage pattern. 

 
• After backfilling of the ditches and furrows the footprint should be levelled with a 

grader. To alleviate compaction, the surface should then be loosened properly 
to a depth of approximately 300 mm with normal agricultural equipment, 
preferably a multiple teeth implement.  

 
• The soil fertility status should be determined by soil chemical analysis after 

levelling (before seeding/re-vegetation), and soil amelioration should be done 
accordingly as recommended by a soil specialist, in order to correct the pH and 
nutrition status. 

 
• The rehabilitated sections should be re-vegetated with a grass mixture in early 

summer. The grass mixture must be dominated by local climax species such as 
Panicum maximum and Digitaria eriantha. 

 
• A short term fertilizer program should be based on the soil chemical status after 

the first year in order to maintain the fertility status for 2 to 3 years after 
rehabilitation, until the area can be declared as self sustaining. 

 
 
7. CONCLUSION 
 
7.1 Soils and land capability 
 
The total proposed main entrance infrastructure area consist of red, well-drained, sandy 
clay loam soils with arable land capability and moderate agricultural potential, 
dominated by the Hutton soil form, symbolized as soil type Hu1 on the soil map Figure 
3.  
 
7.2 Pre-mining land use (See Figure 5) 
 
The total proposed infrastructure area was used for grazing purposes (mainly cattle) 
prior to mining activities and the entire area became vacant after the introduction of 
mining activities. Currently 82.41% of the area is still vacant (no specific land use). The 
remaining area is comprised by a tar road (2.33%), a gravel road (10.59%), a life line 
structure (2.15%) and a disturbed section adjacent to the existing loading tower 
(2.53%). 
 
7.3 Wetlands 
 
No wetlands occur within the proposed infrastructure area. 
 
7.4 Impact assessment 
 
Soil stripping and replacing, no matter whether it is stockpiled or immediately replaced, 
will always have a high potential degrading impact on soil, post-mining land capability 
and land use. Poor rehabilitation generally leads to the large scale deterioration from 
pre-mining to post-mining land capability or agricultural potential in South Africa. The 
degree of degradation will always depend on the precise execution, management 
and monitoring of the rehabilitation procedures.  
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In practice, this means that good proposed rehabilitation procedures do not 
automatically manifest in good rehabilitation and subsequent land capability. The 
responsible parties must ensure that rehabilitation is executed precisely according to the 
required specifications and standards; and to ensure success it has to be progressively 
monitored by a competent specialist. 
 
The impacts in terms of soil and subsequent land capability and land use (section 9, 
Table 10) were evaluated and the significance was rated as moderate without 
mitigation. The impact after mitigation is hard to predict because it is solely dependant 
on the quality of rehabilitation. The impacts can however be mitigated to acceptable 
levels if the rehabilitation procedures in section 6 are executed precisely and 
progressively monitored by a competent third party. 
 
7.5 Conditions and declaration 
 
Rehab Green cc declare that with proper execution of rehabilitation procedures 
described in section 6 the impact on soils and subsequent land capability and land use 
can be minimized to acceptable levels. From a soils point of view the project can 
therefore be supported on condition that all the recommended monitoring actions in 
section 8 are executed and where applicable are maintained for the entire operational 
phase. 
 
8.  RECOMMENDATIONS 
 
8.1 Monitoring actions 
 
In order to guarantee successful rehabilitation, the procedures in section 6 need to be 
executed precisely and the following needs to be monitored. 
 

• Storing of all excess topsoil after erection of structures on 1 communal stockpile; 
• No mixing of topsoil and underlying weathered rock;  
• Proper cleaning, backfilling and leveling of structure footprints during the 

decommissioning phase; 
• Amelioration of soil fertility according to chemical analysis after leveling, before 

seeding/re-vegetation; 
• Re-vegetation of rehabilitated areas as soon as possible (early in summer) with 

a grass mixture dominated by local climax species such as Panicum maximum 
and Digitaria eriantha; and 

• Monitoring of soil erosion on the rehabilitated areas and remediation if 
necessary until the area can be declared as stabilized and self sustaining. 
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9. ENVIRONMENTAL IMPACT ASSESSMENT 
 
9.1 Construction phase 
 
The construction of mining related infrastructure such as buildings, roof structures and 
weigh bridges, parking areas, tar and concrete roads will have impacts on soil, land 
capability and land use during the construction phase. The impacts will however be 
almost entirely confined to the footprint of the proposed structures and is not applicable 
to the entire study area. Minor soil disturbances will take place during the construction 
phase and a principal to store all excavated soil, to be used for rehabilitation, should be 
followed.  
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Table 10: Impact assessment – Construction phase 
1. Nature of impact – Erection of structures such as buildings, tar and concrete roads, weigh bridges, parking areas 
Impact 

No Receptor Impact and result Magnitude Scale Duration Probability Significance 
calculation Mitigation 

1 Soil 

1. Excavation of soil 
for foundations of 
structures. 
2. Structures 
covering the soil 
surface completely 
will result in: 
• Disturbance of 

natural soil 
horizon 
sequences. 

 

The magnitude will be 
high because the upper 
part of the soil profile at 
the entire footprint will 
be removed and/or 
disturbed and 
completely covered for 
the lifespan of the 
structure. 
 
 
(High - 8) 

The impact will 
be confined to 
the footprint of 
the proposed 
structures. 
 
 
 
 
 
 
(site only - 1) 

The impact will be 
of long term 
nature and will 
remain for the 
lifespan of the 
structure. 
 
 
 
 
 
(Long term - 4) 

The impact will 
definitely 
occur. 
 
 
 
 
 
 
 
 
(Definite – 5) 

(8+1+4)x5=65
 

Significance = 
Moderate 

• Excess topsoil, excavated at the 
footprint of all structures will be 
stored at 1 communal stockpile to 
be used for rehabilitation during 
the decommissioning phase and 
will be replaced as described in 
section 6.   

 
The significance after mitigation can 
be low depending on how precise the 
procedures in section 6 are executed. 

2 Soil 

• Loss of the 
natural 
functioning of the 
soil as a growth 
medium and 
habitat for fauna 
and flora 

 

The magnitude on the 
natural functioning of 
the soil as a growth 
medium and habitat for 
fauna and flora will be 
high because 
structures will cover the 
surface completely. 
 
 
 
 
 
 
 
 
(High - 8) 

The impact will 
be confined to 
the footprint of 
the proposed 
structures 
 
 
 
 
 
 
 
 
 
 
 
(site only - 1) 

The impact will be 
of long term 
nature and will 
remain for the 
lifespan of the 
structure. 
 
 
 
 
 
 
 
 
 
 
(Long term - 4) 

The impact will 
definitely 
occur 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Definite – 5) 

(8+1+4)x5=65
 

Significance = 
Moderate 

• The structures will be demolished 
and the footprints thoroughly 
cleaned as soon as the structure 
served its purpose. 

• The footprint will be rehabilitated as 
described in section 6 and the soil 
fertility will be ameliorated 
according to soil analysis after 
replacing and leveling (before 
seeding/re-vegetation). 

• Re-vegetation of the footprint with a 
grass mixture dominated by local 
climax species such as Panicum 
maximum and Digitaria eriantha. 

 
The environmental consequence after 
mitigation can be low depending on 
how precise the procedures in section 
6 were executed. 
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3 Soil 

• Loss of original 
soil fertility. 

 

The magnitude on soil 
fertility will be Low 
because covering the 
soil surface will block 
the natural recycling of 
nutrients via fauna and 
flora.  
 
 (Low - 4) 

The impact will 
be confined to 
the footprint of 
the proposed 
structures. 
 
 
 
(site only - 1) 

The impact will be 
of long term 
nature and will 
remain for the 
lifespan of the 
structure. 
 
 
(Long term - 4) 

The impact will 
definitely 
occur. 
 
 
 
 
 
(Definite – 5) 

(4+1+4)x5=45
 

Significance = 
Moderate 

• Soil amelioration will be done after 
replacement of the topsoil 
according to soil analyses and the 
soil fertility will be maintained by an 
annual fertilizing program until the 
area can be declared as self 
sustaining. 

 
The environmental consequence after 
mitigation will be low.  

4 Land 
capability 

• The original land 
capability 
classified as 
arable land will 
cease completely 
until the structures 
are demolished 
and the footprints 
rehabilitated.  

The magnitude of the 
impact will be high 
because the original 
land capability will 
cease completely for 
the entire lifespan of the 
structure until 
rehabilitation takes 
place.  
 
 
(High - 8) 

The impact will 
be confined to 
the footprint of 
the proposed 
structures. 
 
 
 
 
 
 
(site only - 1) 

The impact will be 
of long term 
nature and will 
remain for the 
lifespan of the 
structure. 
 
 
 
 
 
(Long term - 4) 

The impact will 
definitely 
occur. 
 
 
 
 
 
 
 
 
(Definite – 5) 

 (8+1+4)x5=65
 

Significance = 
Moderate 

• Stripping, storing and replacing of 
topsoil as described in section 6. 

• Soil amelioration will be done after 
replacement of the topsoil 
according to soil analyses and soil 
fertility will be maintained by means 
of an annual fertilizer program until 
self sustaining. 

  
The environmental consequence after 
mitigation can be low depending on 
how precise the procedures in section 
6 were executed. 

5 Land use 

• The current 
possible land uses 
will cease 
completely until 
the structures are 
demolished and 
the footprints 
rehabilitated. 

 

The magnitude of the 
impact will be high 
because the current 
possible land uses will 
cease completely for 
the entire lifespan of the 
facility until rehabilitation 
takes place. 
  
(High - 8) 

The impact will 
be confined to 
the footprint of 
the proposed 
structures. 
 
 
 
 
(site only - 1) 

The impact will be 
of long term 
nature and will 
remain for the 
lifespan of the 
facility. 
 
 
 
(Long term - 4) 

The impact will 
definitely 
occur. 
 
 
 
 
 
 
(Definite – 5) 

(8+1+4)x5=65
 

Significance = 
Moderate 

• Stripping, stockpiling and replacing 
of topsoil as described in section 6. 

• Soil amelioration will be done after 
replacement of the topsoil 
according to soil analyses and soil 
fertility will be maintained by means 
of an annual fertilizer program until 
self sustaining. 

• Re-vegetation of the area with local 
climax grass species such as 
Digitaria eriantha and Panicum 
maximum. 

  
The environmental consequence after 
mitigation can be low depending on 
how precise the procedures in section 
6 were executed. 
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9.2 Operational phase 
 
During the operational phase no new impacts to soils, land capability and land use will 
take place. The impacts as described for the construction phase will stay the same and 
will remain for the entire lifespan of the structures. 
 
9.3 Decommissioning phase 
 
At the end of the operational phase all impacts on soil, land capability and land use will 
be alleviated to some extent during rehabilitation, as described in section 6.  
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EXECUTIVE SUMMARY – MATERIALS ASSESSMENT – BACKFILL PROJECT  

 

Materials Assessment: 

 

The proposed Grootegeluk Colliery “Backfill” Project is planned as part of the amendment to 

(update) the open pit mining operation planning with the void created by the mining and removal 

of the multiple coal seams resulting in a management dilemma for the final land use (End Use 

Plan) and rehabilitation options for the operation.  Backfilling of the Open Pit/Void was 

considered economically feasible and environmentally desirable. 

 

The large amount of waste or by-product that is produced from the open cast mining method 

that needs to be stockpiled and/or dumped, and the resultant open void that is left after the 

product has been removed and processed was considered in terms of the economics of the 

overall project, with the “Spontaneous Combustion” (Sponcon) resulting in the Backfilling option 

as viable.  The logic requires that the waste/by-products should be returned to the open void.  

However, complications around the energy retained in the carbonaceous materials and the 

propensity for these materials to spontaneously combust requires that the gases produced are 
managed. 

 

The decision by Exxaro to reintroduce the by-products back into the open void behind the mining 

operation has resulted in a number of challenges to the management of the Sponcon gas 

emissions and smoke produced, with a system of materials covering/cladding being required so 

that the health and safety aspects of deep open pit mining and ventilation are achieved and 

adhered to. 

 

An added dilemma arose around the “backfilling” concept, with the possibility of the production 

of poor quality water.  This requires that infiltration is reduced as far as possible using a barrier 

layer as the most environmentally sustainable option. 

 

The impacts of the proposed backfilling option have been considered as part of the larger EIA, 

with the land capability, pedology and related specialist studies having concurred that the 

utilization of the cover materials (Soils and Softs) stripped prior to the extraction of the resource 

will reduce the long term effects of the open cast mining operation, contain the carbonaceous 

materials in an environment that will reduce Sponcon, and produce a more sustainable “End 

Use” to the area. 

 

The geology of the area and the site in particular is well known, with extensive exploration drilling 

and sample of the resource having been undertaken.  The results were available to the project, 

and have been used in the overall calculation of materials utilization. 

 

In association with and help of the draft “Pit Shell Model” or mine plan, and an understanding of 

the economic depth to which the resource can be mined, the extent of mining has been planned 

in detail for the next nine years (Ten Year Plan).  Extrapolation of the detailed information made 

available in the geological model has been made possible based on the soils study undertaken 

of the “mining lease area”. 

 
The soils were assessed in terms of their material utilization potential, with structure, clay 

content (texture) and depth being the most important aspects mapped.  No attempt was made 

to interpret or delineate the agricultural potential, land capability or ultimate land use potential 

as part of this study. 

 

The specialist studies undertaken where structured with the aim of obtaining sufficient 

scientifically derived “baseline” information upon which recommendations for the management 

plan could be based. 
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The assessment of the geology was restricted to the existing mine model and interpretation of 

this information by the mining personnel. 

 

No additional investigations of the baseline conditions pertaining to the site were undertaken.  

However, the mapping of the surface features (top 1,5m or to hard rock) was used to extrapolate 

the materials present for the entire mining right area.  It was assumed for the sake of this study, 

that the mining operation will disturb the total area as delineated in the mine plan to a depth of 

at least 30m. 

 

The soils where classified in terms of the “Taxonomic Soil Classification System”, an 

internationally recognised classification system that is easily interpreted and aligned with many 

of the international systems used today.  

 

The soils mapped and classified have subtle, but significant variations across the site.  It is of 

importance in the overall understanding of the ecological variations that occur across the site, 

that the soils (as the growing media) have both the nutrient wealth and water holding 

capabilities that sustain the exceptionally sensitive balanced to both plant and animal 
sustainability and survival in this semi arid environment. The sensitivity of the soils cannot be 

over emphasised, with de-nitrification, compaction and erosion being of concern if the soils are 

de-vegetated and/or disturbed.   

 

Rehabilitation of the materials will only be successful if the order of removal and re-

emplacement is correct and well established.  All indications are (from the limited sample 

analysis undertaken) that the “topsoil‟s” are significantly more nutrient enriched and have a 

higher organic carbon content than the “subsoil‟s”.  Mixing of these materials will reduce the 

potential for re-establishment of vegetative growth at rehabilitation.  The use of the clay rich 

softs (below the subsoil‟s) as a barrier layer, and the less clay rich shales and sandstones for the 

protection and creation of the steeper slopes, has been scientifically assessed and 

recommended as the best solution to the backfilling option.  The engineering parameters used 

in the backfilling design have been tabled by Jones & Wagener and Redco respectively.  These 

documents should be read as part of this overall study. 

 

The sensitivities of the various materials mapped were noted, with particular attention being 

paid to the wet based or wetland areas.  Comment was however reserved as the total area of 

study has already been given a mining right. 

 

The ecology is of importance to the overall sustainability of the “end use” decision, and will need 

to take into account the varied nature of the materials. 

 

The in-situ vegetative cover was noted as part of an independent study.  However, it has been 

recommended that the vegetation is removed and stored as part of the topsoil materials 

stockpile, with only the largest of trees and shrubs being removed or chipped before soil removal 

and storage. 

 

The utilization of the materials has been discussed and alignment of engineering design, 

rehabilitation methodology and materials available taken into account in the recommendations 
made. 

 

The materials investigation was confined to the “backfilling” of the open void, although it must 

be recognised that competition for the differing materials will be a factor that will need to be 

taken into account in the balancing of “End Use Planning” and materials usage. 

 

The combination of geological modelling, soils mapping and materials assessment, and the 

inter-denominational discussions around Backfill design and rehabilitation have resulted in the 

following conclusions and recommendations. 
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In summary: 

 

The materials that make up the mining lease area (area of material usage) comprise a variation 

of shallow soils on hard but decomposed sediments (grey shales and sandstones), in contrast to 

the much deeper and highly weathered siltstones and mudstones that make up the deep clay 

rich materials, and in places deep red sands.  Variations on these extremes are abundant, with 

significantly large areas of wet based soils that are mostly associated with the deep clay rich 

materials, and ecologically very sensitive areas. The dry based soils vary only slightly in structure, 

with the majority of the materials returning single grained to apedel structure in the upper 

horizons, and at worst weak crumby structure in the subsoil‟s, while the wet based soils range in 

structure from apedel and slightly structured (weak crumby) to gleycutanic and occasionally 

vertic structures on the more basic derived materials.  Texture is dominated by the parent 

materials from which the sols are derived, with variations in grain size from very fine grained silts 

and mudstone derived textures to medium to fine sandy materials, with very little in the way of 

colluvial derived materials.  The in-situ nature of the soils made for more accurate extrapolation 

of the materials that had been proven in drill cores and air percussion exploration boreholes and 

trenching. 
 

Of the materials required and classified approximately 38% of the mining lease area is underlain 

by materials that classify as having a clay consistency/texture, while 34% comprises rocky 

materials that are more silty and/or sandy in texture, while 27% comprised deep sands. 

 

It was assumed that an average depth of 30m of material will be removed from above the 

payable coal layers, and that all of these materials will need to be removed, and stockpiled for 

use in the backfill operation at some point and place in time.   

 

The volume of material to be removed based on these assumptions is 25,252,857m3. 

 

The Table below summaries the conceptualised materials balance: 

 

Material Type Area (m3) % of Total Mine Lease Area 

Clay 9,662,482 38.28 

Rock 8,757,206 34.69 

Sand 6,823,168 27.03 

Total 25,242,857 100.00 

 

   

The Materials Study returned a number of significant findings associated with the geological 

(geotechnical) and soils (pedological) that make up the mining lease area.  These include: 

 

 Deep unconsolidated fine single grained red sands associated with the weathering of the 
Clarens Formation (Deep Red Sands) which have been referred to as “sands” in the 

materials balance.  These materials are fine grained and extremely equi-granular in 

texture, returned low nutrient stores and poor water holding characteristics (low clay and 

silt). 

 

 In contrast, the materials associated with the sediments that host the coal seams are 
generally fine to very fine grained, have a mixture of silt and clay in association with the 

interbedded sandstones, and return soils and soft overburden materials that are 

significantly higher in organic carbon, returned moderate stores of important nutrients, 

and have the ability to store water.  The weathering profiles and associated clay contents 

are the defining factors used in the classification of these materials into “rock” or “clay”.  

The defining factor associated with the “clays” is the depth of decomposition and 

weathering, the chemistry of the materials, and the coal mineralisation determining the 

depth of weathering.  
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The positive attributes of these materials are their water holding (storage) capabilities, 

their availability of better than average nutrient availability and their compactability 

(barrier layer). 

 

 The “rocky” material has been defined and separated from the clays for two reasons.  
One is the workability of the materials, with the clays being a “Free Dig” material while 

the “rocky” materials need to be blasted, and the size of the materials that are produced 

when blasted.  

 

The rocky materials are generally associated with the shallow rocky soils, and are of the 

poorer quality land use soils, with limited nutrients available the plant growth, poor water 

retention and water storage abilities.  

 

The current (pre-mining) land capability is listed as moderate to low intensity grazing or more 

readily as wilderness/conservation status. 

 

Successful rehabilitation and sustainable re-vegetation of these materials has been investigated 
in more detail by Redco as part of the greater Backfill Project and will not be expanded on 

further here. 

 

Innovative ways of using the different materials that will be produced during the operation 

(Waste Rock, Clay and Sands) will play a major role in obtaining a sustainable and “Walk Away” 

solution. 
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Abbreviations 

cm  = centimetre 

DNA  = Direcção Nacional de Águas (National Directorate for Water Affairs) 

DWAF   = Department of Water Affairs and Forestry  

E   = East 

EC   = Electro-conductivity, Electric Conductivity 

ESS  = Earth Science Solutions (Pty) Ltd 

h  = hour 

km  = kilometre 

l  = litre 

m  = metre 

mm  = millimetre 

MSL  = Mean Sea Level  

s  = second 

S  = South 
µS  = micro Siemens 

TDS  = Total Dissolved Solids 

°  = degrees 

„  = minutes (in coordinates) 

“  = inch (2.54 cm), seconds (in coordinates) 

%   = Percentage 

A.W.C.   = Available Water Capacity 

Al  = Aluminium 

C.E.C  = Cation Exchange Capacity 

Ca  = Calcium 

Cu   = Copper 

E.R.D.  = Effective Rooting Depth 

F.A.M.  = Freely Available Moisture 

Fe  = Iron  

g   = Grams 

ha     = Hectares 

I.S.  = Irrigation Suitability 

I.S.R.  = Irrigation Suitability rating  

K   = Potassium 

Kg  =  Kilograms 

Km  =  Kilometres 

me  = Milli-equivalents 

mg  = Milligrams 

Mg  = Magnesium 

mm  = Millimetres 

mm/hr  = millimetres per hour 

mm/m  = millimetres per meter 

Mn  = Manganese 

N  = Nitrogen 
Na  = Sodium 

Org. Mat. = Organic Matter 

P   = Phosphorus 

S   = Sulphur 

S. A.  = South Africa 

S.A.R.  = Sodium Absorption Ratio  

T.A.M.  =Total Available Moisture (equivalent to TAWC) 

T.A.W.C  = Total Available Water Capacity (Equivalent to TAM) 

ToR  = Terms of Reference  
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Zn  = Zinc 

TMF  = Tailings Management Facility 

TSF  = Tailings Storage Facility 

PP  = Processing Plant 

CSD  = Consolidated Sand Dump 

SD  = Slimes Dam 

WRD  = Waste Rock Dump 

PCD  = Pollution Control Dam 

RWD  = Return Water Dam 

BFS : Bankable Feasibility Study 

BID : Background Information Document 

CBO : Community Based Organisations 

DEA : The Botswana Department of Environmental Affairs 

DM : Department of Mines 

EC : Electrical Conductivity 

EIA : Environmental Impact Assessment 

EMP : Environmental Management Programme 

EPA : Environmental Protection Agency 

GDP : Gross Domestic Profit 

GIS : Geographical Information Systems 

GPS : Global Positioning System 

I&APs : Interested and Affected Parties 

PM : Particulate Matter 

PM10 : particles of 10 micrometer or less 

PPAH : World Health Organization: Pollution Prevention and Abatement Handbook 

PPE : Personal Protective Equipment 

SA : South Africa 

SEIA : Social and Environmental Impact Assessment 

SIA : Social Impacts Assessment 

TDS : Total Dissolved Solids 

ToR : Terms of Reference 
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Glossary of Terms 

 

Alluvium: Refers to detrital deposits resulting from the operation of modern streams and rivers. 

 

Base status: A qualitative expression of base saturation.  See base saturation percentage. 

Base Saturation Percentage: the sum of exchangeable Ca, Mg, Na, and K expressed as a 

percentage of the cation exchange capacity measured at a specific pH. 

Buffer capacity: The ability of soil to resist an induced change in pH. 

 

Calcareous: Containing calcium carbonate.  

Catena: A sequence of soils of similar age, derived from similar parent material, and occurring 

under similar macroclimatic conditions, but having different characteristics due to variation 

in relief and drainage. 

Clast: An individual constituent, grain or fragment of a sediment or sedimentary rock produced 

by the physical disintegration of a larger rock mass. 

Cohesion: The molecular force of attraction between similar substances. The capacity of sticking 

together. The cohesion of soil is that part of its shear strength which does not depend upon 
inter-particle friction.  Attraction within a soil structural unit or through the whole soil in 

apedel soils. 

Concretion: A nodule made up of concentric accretions. 

Crumb: A soft, porous more or less rounded ped from one to five millimetres in diameter.  See 

structure, soil. 

Cutan: Cutans occur on the surfaces of peds or individual particles (sand grains, stones). They 

consist of material which is usually finer than, and that has an organisation different to the 

material that makes up the surface on which they occur.  They originate through deposition, 

diffusion or stress. Synonymous with clayskin, clay film, argillan. 

 

Denitrification: The biochemical reduction of nitrate or nitrite to gaseous nitrogen, either as 

molecular nitrogen or as an oxide of nitrogen. 

Dystrophic: The leaching status of a soil, Eutrophic = Slightly leached, Mesotrophic = 

Moderately leached, Dystrophic = Highly leached 

Erosion: The group of processes whereby soil or rock material is loosened or dissolved and 

removed from any part of the earth‟s surface. 

 

Fertilizer: An organic or inorganic material, natural or synthetic, which can supply one or more of 

the nutrient elements essential for the growth and reproduction of plants. 

Fine sand: (1) A soil separate consisting of particles 0, 25-0,1mm in diameter.  (2) A soil texture 

class (see texture) with fine sand plus very fine sand (i.e. 0, 25-0,05mm in diameter) more 

than 60% of the sand fraction. 

Fine textured soils: Soils with a texture of sandy clay, silty clay or clay. 

 

Hardpan: A massive material enriched with and strongly cemented by sesquioxides, chiefly iron 

oxides (known as ferricrete, diagnostic hard plinthite, ironpan, ngubane, ouklip, laterite 

hardpan), silica (silcrete, dorbank) or lime (diagnostic hardpan carbonate horizon, calcrete). 

Ortstein hardpans are cemented by iron oxides and organic matter. 

 
KCl:  The measure of the acidity/alkalinity of a solution in potassium chloride instead of water. 

 

Land capability: The ability of land to meet the needs of one or more uses under defined 

conditions of management. 

Land type: (1) A class of land with specified characteristics. (2) In South Africa it has been used 

as a map unit denoting land, mappable at 1:250 000 scale, over which there is a marked 

uniformity of climate, terrain form and soil pattern. 

Land use: The use to which land is put. 
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Meq:  Milli equivalents – a measure of the mass of a substance that will combine with or replace 

parts by weight. 

Mottling: A mottled or variegated pattern of colours is common in many soil horizons.  It may be 

the result of various processes inter alia hydromorphy, illuviation, biological activity, and rock 

weathering in freely drained conditions (i.e. saprolite).  It is described by noting (i) the colour 

of the matrix and colour or colours of the principal mottles, and (ii) the pattern of the 

mottling.  The latter is given in terms of abundance (few, common 2 to 20% of the exposed 

surface, or many), size (fine, medium 5 to 15mm in diameter along the greatest dimension, 

or coarse), contrast (faint, distinct or prominent), form (circular, elongated-vesicular, or 

streaky) and the nature of the boundaries of the mottles (sharp, clear or diffuse); of these, 

abundance, size and contrast are the most important. 

 

Nodule: Bodies of various shapes, sizes and colour that have been hardened to a greater or 

lesser extent by chemical compounds such as lime, sesquioxides, animal excreta and silica.  

These may be described in terms of kind (durinodes, gypsum, insect casts, ortstein, iron-

manganese, lime, lime-silica, plinthite, salts), abundance (few, less than 20% by volume 

percentage; common, 20 – 50%;  many, more than 50%), hardness (soft, hard meaning 
barely crushable between thumb and forefinger, indurated) and size (threadlike, fine, 

medium 2 – 5mm in diameter, coarse). 

 

Overburden: A material which overlies another material difference in a specified respect, but 

mainly referred to in this document as materials overlying weathered rock 

 

Ped: Individual natural soil aggregate (e.g. block, prism) as contrasted with a clod produced by 

artificial disturbance. 

Pedocutanic, diagnostic B horizon: The concept embraces B horizons that have become 

enriched in clay, presumably by illuviation (an important pedogenic process which involves 

downward movement of fine materials by, and deposition from, water to give rise to cutanic 

character) and that have developed moderate or strong blocky structure.  In the case of a 

red pedocutanic B horizon, the transition to the overlying “A” horizon is clear or abrupt. 

Pedology: The branch of soil science that treats soils as natural phenomena, including their 

morphological, physical, chemical, mineralogical and biological properties, their genesis, 

their classification and their geographical distribution. 

 

“S” Value; The sum of the exchangeable (as opposed to soluble) Ca, Mg, Na, K expressed in 

cmol (+) kg/soil. 

Slickenslides: In soils, these are polished or grooved surfaces within the soil resulting from part 

of the soil mass sliding against adjacent material along a plane which defines the extent of 

the slickenslides.  They occur in clayey materials with a high smectite content. 

Sodic soil: Soil with a low soluble salt content and a high exchangeable sodium percentage 

(usually EST > 15). 

Swelling clay: Clay minerals such as the smectites that exhibit interlayer swelling when wetted, 

or clayey soils which, on account of the presence of swelling clay minerals, swell when 

wetted and shrink with cracking when dried.  The latter are also known as heaving soils. 

Texture, soil: The relative proportions of the various size separates in the soil as described by the 

classes of soil texture shown in the soil texture chart (see diagram on next page).  The pure 
sand, sand, loamy sand, sandy loam and sandy clay loam classes are further subdivided 

(see diagram) according to the relative percentages of the coarse, medium and fine sand 

sub separates. 

Vertic, diagnostic “A” horizon: A horizons that have both a high clay content and a predominance 

of smectitic clay minerals possess the capacity to swell and shrink markedly in response to 

moisture changes.  Such expansive materials have a characteristic appearance:  structure is 

strongly developed, ped faces are shiny, and consistence is highly plastic when moist and 

sticky when wet.
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1. INTRODUCTION  

 

Synergistics Environmental Services (Pty) Ltd commissioned Earth Science Solutions (Pty) Ltd.) –

ESS) to carry out the specialist studies for the “Materials Assessment” section of the proposed 

Grootegeluk Backfill Project.  The work was undertaken between June 2008 and September of 

2009, with a number of specialist scientists involved in the overall specialist study. 

 

At the outset we would like to acknowledge the invaluable inputs of Mr. Claris Dryer and his 

team, as well as the time spent by the client and its project team in assisting with the onsite 

arrangements.  All of these people were of help in obtaining the final results. 

 

A total area of +- 20,000ha (mineral rights area) was covered on a reconnaissance baseline 

scale, with approximately 2,600ha of the proposed mining area being characterised on a more 

detailed grid base. The study area was assessed to determine the materials availability to the 

mining operation for backfill purposes.  In essence, it was required of the study should delineate 
and calculate the material volumes needed for the sustainable backfilling of the Mega Pit that is 

being proposed for the Grootegeluk Coal Mining Expansion.   

 

The area in question is situated in and around the Exxaro Coal Mine, a large open cast mining 

venture that is part of the greater Waterberg Coal Fields.  The Exxaro Mining venture exploits the 

thick coal deposits that occur to the north and east of Lephalale – a growing town in the 

Limpopo Province of South Africa (Refer to Figure 1.1 – Locality Map) 

 

The materials assessment was confined specifically to the assessment potential for the pit, 

however, the competition for materials in other areas of the mining operation could not be 

ignored. Figure 1.2 is a satellite picture of the mining are under investigation. 

 

Figure 1.1 – Locality Plan 
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Figure 1.2 – Satellite Picture – Mining Area 

 

 
 

 
The information presented is based on the best available information that was made obtained 

from the client at the time of the study (Accurate bench plan information for the first 10 years 

only).  However, it was apparent that a mining model was in the process of being compiled and 

additional detailed information would assist in the accuracy of the volume predictions once this 

information is available (Refer Figure 1.1).  

 

In addition to the orthophotographic imagery used for the base plan, a current mine plan was 

supplied as a line drawing. A 3D model constructed by Jones and Wagener was also available as 

a planning tool (Refer to Figures 7.1 and 7.2), and a number of workshops were held between 

the client team, the lead consultants and the various specialist consultants commissioned to aid 

in the backfill design and implementation strategy. The final plan tabled is the culmination of a 

number of field investigation and close interactions with the larger team.  Specific reference is 

made and thanks given to Synergistics (Lead Consultants – Vivienne Pio and Mari Els), to the 

Mine Geological Department (Mr. L.C. Dreyer and Mr. L. Roux), The Mine Technology Department 

(Mr. Francois Van Niekerk [HQP Mobile Equipment Technology] and Hennie Fourie [HQP HQ 

Exxaro Technology]), Jones & Wagener (Mr. Anton Bain and Mr. Chris Waygood), Redco (Ms. 

Jeanette Erasmus and Mr. DP van der Merwe) and NSS (Kate MacEwan). 
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The location of the mining venture and environmental conditions that occur in this unique area 

are important in the overall understanding of the findings and recommendations tabled herein.  

In addition, it is important at the outset to understand that the area in question is a working 

mine with all of the legal requirements in place and a Mining Right that is current and allows for 

the disturbance of the surface ecology etc.   

 

As a “Brown Fields” project that is legally compliant, the environmental aspects are assumed o 

have been dealt with, and the impacts of mining already understood.  On this premise, the study 

has been concluded. 

 

 

2. METHODOLOGY AND SCOPE OF WORK 

 

In line with the ToR supplied by the lead consultant, a proposed methodology and scope of work 

was submitted as part of the greater “Backfill” Project. 

 
The method and approach proposed required that the soils of the mining lease area were 

assessed on a reconnaissance basis, with the land that is owned by the mining company, but 

not included under the mining license being assessed on a much wider grid base. The materials 

were to be assessed for their clay content, texture and structure, with soil depth, colour and 

structure of less importance. 

 

The size of area, spatial extent and position and the relative depths of the utilizable material 

being logged and quantities calculated as the required end product. 

 

The use of all existing information was taken as the starting point, with a full and detailed 

desktop assessment of all available information being undertaken. A semi detailed (200m to 

350m grid base) field assessment of the materials available within the mining right boundary 

(Refer to Figure 2.1), while a much wider grid base (500m to 750m) was used to assess the 

relative spatial extent and positions of the various materials within the boundaries of the land 

that is owned by Exxaro Mining Company (Refer to Figure 2.2).   

 

For the purposes of the soils and land capability studies the Open Cast “Backfill” was kept 

separate from the management of the Sponcon at surface and the covering and rehabilitation 

planning for this problem.  This line of approach assumes that the backfilling and covering of 

Sponcon materials within the pit replaces the practice of surface management.   

 

This is not the case in practice, and it must be stressed that the competition for clay 

cover/barrier materials will be one of the important issues that will need to be managed.  The 

economics of hauling materials greater distances to the point of need will potentially be 

outweighed by the need to cover Sponcon materials within the backfill project.     

 

Reference is made to the thesis written on the Sponcon problem for information relating to the 

surface management and rehabilitation. (Refer to - The Prevention of Spontaneous Combustion 

In Back Filled  Waste Materials at Grootegeluk Coal Mine - Stefan Antoni Adamski - A thesis 
submitted to the Faculty of Engineering, University of the Witwatersrand, Johannesburg, in 

fulfilment of the requirements for the degree of Doctor of Philosophy) and the Section 3 and 

Section 5 Design Criteria as tabled by the Mine Planning Department. 

 

In addition, the idea of a barrier layer being engineered between the soil/sand cover and the 

underlying soft overburden backfill will require the discipline of long term stockpiling of clay 

material that will be argued can be used in the short term as Sponcon cover.  The need for the 

barrier layer cannot be over emphasised in the long term ability of the area to rehabilitate to a 

self sustaining and sustainable state. The barrier layer it is believed is essential to the plant 
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water requirements in this arid environment.  The possibility of the 200ha becoming a desert 

bowl is unacceptable to the backfill principle and long-term aim of the rehabilitation project. 

 

This document is intended as a first approximation of the “materials” balance, and not as a 

detailed soil/pedological study of the area.  As such, this information should not be used as a 

baseline for agricultural potential assessment, due to its reconnaissance nature –and should 

not be used for “detailed” engineering design.  The estimates are however a good first 

approximation of the materials balance for the mining lease area, and form the basis for the 

backfill planning going forward.   

 

Updating of the geological model will enhance the accuracy of the figures tabled.  

 

The hard rock geology of the ore body and its host rock are well understood, with substantial 

structural information available for the next ten years of mining.  The ten year plan has been 

modelled for resource calculations, and a very good understanding of the material stripping that 

is required has been calculated for the economic model.  The soft overburden and weathered 

coal seams that cannot be utilized have been assessed and quantities determined.  In the 
interest of materials workability, it was necessary to determine the quantities of clay rich 

material as this is a problem to conveyancing and will require that truck and shovel operations 

are utilized.  From these calculations, a very good understanding of these material quantities 

and their spatial characteristics (position and thickness) have been modelled and used as the 

basis for this materials balance. 

 

In addition to the general physical attributes of the various materials being considered for the 

backfill operation and rehabilitation are the engineering properties of the soft and weathered 

components that overlie the resource commodity and the chemical makeup. Reference has 

been made to, and input gleaned from the work undertaken by Claris Dreyer entitled “The 

Occurrence of Clay in the Overburden at Grootegeluk Mine” and the Geological Model as 

demonstrated to the author at a site meeting. 

  

In addition to, and as part of obtaining an idea of the engineering properties of the materials, a 

laboratory assessment of one representative sample of each of the “Clay”, “Sand” and “Rock” 

were analysed.  These results are again only an estimation, and best approximation for the 

interpretation and discussion of the materials usage, and cannot be used for engineering 

design. 
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3. Objectives of Study and Scope of Work  

 

The objectives of the study were to: 

 

 Provide a permanent record of the material resources in the mining area that are going to 
be affected by the proposed mining and related processing activities;  

 Assess the nature of the materials in relation to the requirements of the proposed backfill 
of the open void; 

 Consider the possible utilization potential for the different materials present (Barrier Layer, 
Capping Materials etc); 

 Determine and estimate the quantities of the different materials to be utilized; 

 Provide a “Base Plan” from which long-term economic, ecological and environmental 
planning decisions can be made, impacts of mining can be determined, and mitigation 

and rehabilitation management plans can be formulated, keeping in mind the land “End 

Use” Plan and sustainability of the rehabilitation requirements. 

 Evaluate potential risks/shortfalls to materials availability and suggest alternatives; 
 

Historically, the area proposed for development has been utilised as commercial game farming, 

livestock farming (predominantly cattle) and a company Game Reserve.  The area has been 

protected for its sensitive bio-diversity and ecological status for the most part, but ultimately will 

be mined based on a mining right that was granted by the Department of Mines.  

 

A full and detailed EMPR has been compiled and is available for review in terms of the 

environmental and socio-economic obligations of Exxaro Mining. 

 

With the ever-increasing competition for land, it has become imperative that the full scientific 

facts for any particular site be known, the utilization of the land and materials is understood as 

part of the “End Use” Plan, and the effects on the land to be used by any other proposed 

enterprise must be evaluated, prior to the new activity being implemented.  The “Backfill” project 
is an attempt to better utilize the natural resources in a sustainable manner. 

 

This document describes the in-field methods used to classify and describe the materials 

available within the mining right area (Refer to Figure 2.1) and the overall total area owned by 

Exxaro (Refer to Figure 2.2), to assess and rank/rate the pre-mining land capability based on the 

existing information available and the information obtained through this study, (Exxaro 

Geological and Mine Planning Sections modelling, Jones & Wagener – Engineering Model, Redco 

– Rehabilitation Plan, Red Earth – Soil Survey and the existing climate and topographic 

information), and table a first approximation for the long term materials balance for the 

“backfill” plan. 
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Figure 2.1 – Mining Lease Area Plan – Area of Concern 

 
 

 

The findings of this investigation is based on a pedological and geological assessment involving 

a number of specialists in differing fields of expertise and the interpretation of the resulting field 

data, laboratory analysis and the interaction with related specialist ecologists and engineers.  
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Figure 2.2 – EXXARO Holdings – Area of Potential Utilization 
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4. DESCRIPTION OF THE PRE-CONSTRUCTION ENVIRONMENT 

 

4.1 Geology 

 

4.1.1 Regional Geology 

 

The regional geology is moderately complex, with the resource bounded structurally by major 

faulting that has compartmentalised the coal into an east west trending body (Refer to Figure . 

 

The sediments of concern are all part of the Karoo Sequence that span a significant portion of 

the depositional time cycle of the Karoo Sequence.  The southern fault (Eenzaamheid Fault is 

the contact between the Megalakwena Formation (Mm) a coarse grained purplish to brown 

sequence of sandstone and conglomerate, part of the Waterberg Sequence and of Mokolian 

age, with the host sediments comprising Swartrant sandstone, gritstone and mudstone with 

elements of coal bearing horizons overlain by Grootegeluk mudstones and carbonaceous shales 

with the major portion of the coal bearing horizons contained herein.  The Grootegeluk formation 
is overlain by variegated shales of the Eendragtpan formation in places across the area of 

interest, with a faulted contact on the northern boundary that has down thrown the coal bearing 

horizons to a depth greater than the economic stripping ratio for open cast mining.  A prominent 

fault (Daarby Fault) forms the north eastern boundary to the resource, with the youngest of the 

Karoo Sequence rocks forming the cover materials (Clarens Formation). The Clarens Formation 

comprises very well sorted fine grained cream coloured sandstone (equi-granular) that weathers 

to produce the deep red to brown coloured sands found extensively to the north and east of the 

property and which to date have been used to manage the spontaneous combustion problems 

that the mine experience. 

 

 
 

Figure 4.1 – Regional Geology (1:250,000 Series Geology Plan – 2326 Ellisras) 
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4.1.2 Geological Significance 

 

The importance of the geology in this study hinges around the differences in the clay mineralogy 

and resultant weathering characteristics of the materials that make up the mining right area, 

with additional attention being given to the land owned by the mining company that could 

potentially be considered for materials use if the quantities of useable materials are/were not 

found to be sufficient. 

 

Reference is made to a paper written by J.C. Dreyer and L. Roux entitled “Mineralogical and 

Chemical Investigation of Samples from borehole LQ-OV1, from the farm Enkelbult 462 – 

Waterberg District”.   

 

The investigation was undertaken to obtain information about the clay rich mudstones that were 

encountered during mining, and which were causing problems for conveyancing when they were 

wet.  This same information has been used in the study of this materials properties as a barrier 

layer.  This is important for the ecological rehabilitation proposed, the construction of a water 
bearing horizon that could be used in the final rehabilitated surfacing to contain water within the 

surface/soil horizons and try to emulate the compacted saprolitic horizons that naturally occur 

and aid in water retention for plant sustainability, and/or as capping material to aid in the 

management and control of spontaneous combustion of the discard and interburden that will be 

used to backfill the pit. 

 

The competition for these materials is of concern, and requires that quantities are understood in 

advance of utilization. 

 

The main findings of the “Clay Investigation” study that are considered of relevance to this 

materials balance investigation include: 

 

 The fact that 80% of the clay comprises Kaolinite (predominantly – anauxite – 
amorphous silica deposited between kaolinite platelets) with some Illite and quartz; 

 The Illite is made up of interlayer‟s containing Montmorillonite (a swelling clay); 

 Carbonaceous interlayer‟s are present within the weathered horizons and are of concern 
from an acid generation potential.  Indications are that the carbon content of the 

mudstone increases with depth; 

 Chemically, there are no major differences between identified lithological units (logging) 
over benches 1A and 1B, the two benches that are being suggested for materials usage; 

 The “decomposed” sediments with a pink or purple colouration are shown to be higher in 
iron and appear to have a detrital origin and classify as mudstones and carbonaceous 

mudstones.  The implication is that there is a facies change with vitrinitic coal layers 

present within the 1B horizon. The clay materials should therefore be regarded as an 

indicator of where mining should not take place; 

 The “decomposed coal” is equivalent to purple coloured shale layers noted; 

 Decomposed coals are better referred to as carbonaceous mudstones; 

 These characteristics have been mapped laterally across the area during exploration 
drilling and used to define the areas of difficult stripping of the overburden.  These are 

the areas considered as “Good” clay rich zones that can be usefully used for the backfill 

barrier layer and/or as cover materials for Sponcon management.    
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4.2 Soils  

 

4.2.1 Data Collection  

 

Review of Published Reports and Maps 

 

The area to be mined for its coal resource and for which the backfill project is proposed 

comprises an area that has been farmed to livestock ranching, with both cattle and wildlife 

being the main economic commodity considered as sustainable on the land. 

 

The only other disturbance that has had any impact on the area to date is the existing open cast 

coal mining that is being undertaken by Exxaro Mining Company to the west of the area of 

concern, and the exploration that has been on-going for the past 33 years. 

 

Extensive geological information of the immediate site is available from the exploration work 

undertaken (J.C. Dryer and L. Roux), with a well understood geological model for the five and ten 
year planning of the mining operation going forward. 

 

This information has been well researched by the mine personnel, but is yet to be published. 

 

The Exxaro Mining Company along with I&AP‟s have voiced their concerns regarding the impact 

of mining activities on the sensitive landscape in and around the mining area, and although a 

mining right has been granted for the immediate mining area and its extension, there is a vast 

section of the land owned by the company that is being conserved as a natural wildlife sanctuary   

 

The geological modelling is the only other study that has assessed the cover materials in any 

detail (Clay Report – J.C. Dreyer).  This has been used in the evaluation as a baseline from which 

the backfill materials could be mapped and the subtle differences understood.  The use of the 

Red Earth - Pedological Study (immediate extension to mining only) and additional site mapping 

was employed to further extend the materials balance to the remainder of the mining right area, 

with depths of materials being assumed wherever actual depths are not available from 

exploration drilling. 

 

In an attempt at understanding the materials that cover an area it is imperative that the geology 

that underlies the site is known and the weathering characteristics and mechanisms as well as 

the chemistry are understood.  The weathering and erosive mechanisms are ultimately 

responsible for the materials produced that overlay the host materials.  It is the understanding 

of the host rocks that will allow the extrapolation of materials chemical and physical attributes 

with some conviction. 

 

The flatness of the terrain in this area has meant that very little lateral movement of materials 

has occurred, and good correlation is found from the infield mapping of the soils with the known 

geology. 

 

The sedimentary lithologies and limited igneous intrusions that characterise the area of concern 
have influenced the overlying material composition and its spatial distribution to a great extent, 

with only limited lateral movement of the more sandy materials due to wind and water influence. 

The result is a complex of in-situ weathering materials that show strong correlation to the 

underlying geology, with some major structural disconformities that have had an overriding 

influence and brought the basalts to surface in the south and the Clarens Sandstones to surface 

in the north.  These two lithological changes form distinctive boundaries to the resource being 

mined, and have had a marked impact on the physical and chemical composition of the 

materials produced. 
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The understanding of the materials characteristics has been used to separate the usability of 

the decomposed overburden, with three distinctly different materials types being quoted for this 

particular study. 

 

The clay (mudstones and decomposed carbonaceous mudstones) materials have been 

differentiated from the more competent shales that form the weathered hard rock, and the 

sands (Clarens Formation) that are generally deep, red and equigranular. Figure 4.2.2 is 

borrowed from the Clay Report written by Mr. J.C. Dreyer and is based on the geological model 

and mine plan described. 

 

 

Figure 4.2.2 – Occurrence of Fresh and Weathered Coal (Clay Report – J.C. Dreyer) 

 
 

Not only are these materials important in sustaining the broad diversity of plants and animals, 

but will ultimately be the sustaining force in the soils water balance that dictates to the 

rehabilitation plan and the success of any end use plan proposed for the backfill and cover to 

the open cast mining. The sensitive nature and balance of the present eco-system will require 

that the diverse species are catered for in both rooting characteristics as well as in water holding 

capabilities of the rooting materials. 
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In short, it is of paramount importance to the success of the sustainability of materials and 

vegetative cover, that the presence of the soil and underlying materials is recognised.   

 

4.2.2 Field Work   

 
 Reconnaissance Assessment of materials – Exxaro Holdings Area; 

 In depth assessment of materials availability for the mining right area (Six Farms) – 

Taxonomic Soil Classification System - SA; 

 Evaluation of materials based on geological modelling and available information for Bench 1 

(B1A and B1B); 

 Extrapolation of known information (Geological Model) using pedological information 

 

 

A reconnaissance pedological study of the Exxaro “Holdings” area was undertaken based on a 

grid overlay of between 300m2 and 500m2.  This was achieved wherever it was possible to gain 

access (old tracks and roads) or where the existing infrastructure allowed, while a more detailed 

study was undertaken over the Mining Right area.  The mapping was undertaken using 1:10,000 

orthophotographs and the mine drawings supplied.  

 

The initial site survey was undertaken between October and November of 2007, with a second 

site evaluation visit in April of 2009.  Interaction with the rehabilitation specialists, engineers 

and ecologists formed a baseline for the study that was invaluable. 

 

In addition to the grid point observations, a representative selection of the soil Forms mapped 

was sampled for representative chemistry of the soils, while engineering tests were undertaken 

on representative suite of materials (Sand Rock and Clay) to ascertain the textural 

characteristics and engineering parameters of the materials being recommended for use in the 

backfill barrier layer and rehabilitation investigations. The materials were sampled from the 

exposed face on benches 1A and 1B of the western face of the open pit, with sand samples 

being taken from close to the discard dump site were the sands are being used for Sponcon 
management. 

 

The field information was then discussed with the mine geological personnel and correlation 

made with the geological mining model.  The quantities of “clay” rich material and “rock” 

material were obtained from the model for years present (2009) to year ten and extrapolation of 

the materials balance for the life of mine (2065) was attempted. 

 

The majority of the soils observations used to classify the materials were made using a hand 

operated Bucket Auger.  In all cases, the observation points were excavated to a depth of 

1,500mm or until refusal was obtained.  Immediately after completing the classification of the 

profiles, the excavations were backfilled for safety and conservation reasons.  The soils depth 

(topsoil and subsoil) was used to calculate an average “Utilizable” soil depth for stripping 

purposes, this soil being recommended for stockpiling and use as the vegetative topsoil medium 

at closure. 

 

Standard mapping procedures and field equipment were used throughout the survey.  Initially, 

the satellite colour imagery was used as an orientation tool and a base onto which the field 

information could be mapped, with the detailed mapping being undertaken on the 1:10,000 

scale orthophotographs.   
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In addition to the materials classification (soils and decomposed rock – saprolite) relevant 

information relating to the climate, geology, wetlands status and terrain morphology were also 

considered as important to an understanding of the overall materials balance and situation. 

 

The parameters used to classify the materials included: 

 

 The material/soil types to be disturbed/ used for rehabilitation; 

 The physical and chemical properties of the soils/materials (composite samples); 

 The soil and material depths/thicknesses; 

 The erodibility of the soils; 

 The soil nutrient status; 

 Engineering properties of three materials. 
 

i) Soil Profile Identification and Description Procedure  

 

The identification and classification of soil profiles were carried out using the Taxonomic Soil 

Classification System (Mac Vicar et al, 2nd edition 1991). 

 

The Taxonomic Soil Classification System is, in essence a very simple system that employs two 

main categories or levels of classes, an upper level or general level containing Soil Forms, and a 

lower, more specific level containing Soil Families.  Each of the soil Forms in the classification is 

a class at the upper level, defined by a unique vertical sequence of diagnostic horizons and 

materials.   

 

All Forms are subdivided into two or more families, which have in common the properties of the 

Form, but are differentiated within the Form on the basis of their defined properties. 

 

In this way, standardised soil identification and communication is allowed by use of the names 

and numbers given to both Form and Family.  The procedure adopted in field when classifying 
the soil profiles is as follows: 

 

i Demarcate master horizons (Refer to Figure 4.2.2 Soil Polygon Map below); 

 

ii Identify applicable diagnostic horizons by visually noting the physical properties such as: 

 

 Depth (below surface);  

 Texture (Grain size, roundness etc.);  

 Structure (Controlling clay types); 

 Mottling (Alterations due to continued exposure to wetness);  

 Visible pores (Spacing and packing of peds);  

 Concretions (cohesion of minerals and/or peds); 

 Compaction (from surface).  
 

 
iii Determine from i) and ii) the appropriate Soil Form, and 

iv Establishing provisionally the most likely Soil Family. 
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Table 4.2.2 Typical Arrangement of Master Horizons in Soil Profile 
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O 

O1   

Loose leaves and organic 

debris, largely 

undecomposed 

   O2   
Organic debris, partially 

decomposed or matted 

   

A 

A1   

Dark coloured due to 

admixture of humified organic 

matter with the mineral 

fraction 

   A2 or E   
Light coloured mineral 

horizon 

 

 
 A3   

Transitional to B but more 

like A than B 

   

G 
B 

B1   
Transitional to A but more like 

B than A 

   B2   
Maximum expression of B-

horizon character 

  B3   Transitional to C 

  C   Unconsolidated material 

  R   Hard rock 

             

           

Arrangement of master horizons   
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5. FINDINGS OF MATERIALS INVESTIGATION 

 

SUMMARY OF SOIL CHARACTERISATION 

 

 Variable soil coverage – associated with parent materials and topographic position; 

 Deep sandy loams – Host Sediments – North and East; 

 Moderately shallow to shallow (400mm to 1100mm) sandy clay loams to silty loams 
associated with coal bearing sediments – Central Mining Area; 

 Highly variable depths and clay contents on Basalt parent materials - South; 

 Sensitive areas (soil and vegetation) associated with the moist grasslands and 
wetland soils – generally associated with shallow calcrete (evaporite layers) in 

association with sub-outcrop of coal bearing sediments. 

 

 

5.1 Description    

  

Material Forms Identified 

 

The major soil types mapped for the area of concern (Mining Right Area) include those of the 

orthic phase Etosha (Et), Fernwood (Fw), Vilafontes (Vf), Hutton (Hu), Clovelly (Cv), Augrabies 

(Au), Montegu (Mo), Glenrosa (Gs) and Mispah (Ms), along with the hydromorphic forms, 

including the Pinedene (Pn), Glencoe and Dresden Forms predominating. 

 

The area was mapped and the information captured in a GIS format.  The materials have been 

grouped according to the parent lithologies from which they occur, and this information 

compared and extrapolated to include the total Mine Holdings area. 

 
The estimated areas for the differing materials are tabled below (Table 5.1 (Mining Right Area) 

and depicted on Figure 5.1 attached. 

 

Table 5.1 – Summary of Spatial extent of Materials  

 

Material  Materials Description Area (ha) % of Mining Right Area 

Clay – Barrier 

Layer 

Fine grained  decomposed coal clay – 

Carbonaceous Mudstones (Pink Zone) 

966,28 38.28 

Rock – Slope 

Stability  

Fine grained weathered sandstone and 

shales (Green Zone) 

875.72 34.69 

Sand – Cover 

and rooting 

materials 

Moderately deep to deep fine grained 

Clarens sandstone – well sorted (Red 

Zone) 

682.32 27.03 

Total  2,524.32 100.00 
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Figure 5.1 Material Distributions – Mining Area 
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5.1.1 Sands 

 

The Clarens Formation comprises two differing sandstone forms with the more red coloured 

sandstone dominating the area of concern.  The sandstone weathers to a deep well sorted, fine 

grained sand with little to no clay or silt associated.  These sands are generally deep (1,5m) to 

very deep (3.00 to 5,00m) and produce a flat to undulating terrain.  

 

The sands returned poor engineering properties, with poor compactability, little to no strength 

other than friction strengths under load, and little to structure or water holding capabilities. 

 

As a rooting zone for plant growth, the woody tree species and larger shrubs are able to utilize 

the depth for rooting, but contend with water availability due to the low retention capability (no 

clay). 

 

The areas covered with these red sands have poorly developed top soil horizons with a low 

nutrient base and little ability for cation exchange.  The organic carbon content is negligible and 
overall nutrient stores are poor. 

 

The difference between these sandy soils and the other orthic soils noted in the area is that the 

Clarens Formation product show poorly defined pedogenic features. 

 

The Clarens Formation derived soils/sands vary from those with a more pale pink to pale red, 

fine grained and well sorted texture with clear indications of sedimentary structure (cross 

bedding or stratification), to those with a slightly more structured and fine grained texture that 

are generally more red in colour and slightly more resistant to erosion. 

 

The mineralogy of these sands is predominantly silica with varying amounts of calcium (as 

CaCO3), magnesium and sodium.   

 

The chemical analysis undertaken on the composite samples returned only moderate reserves 

of Ca and Mg, with lower than required reserves of P, Zn and K. Supplements of these nutrients 

will be needed if the soils are to be utilized for rehabilitation of the backfill area. The low 

cohesive strengths associated with the equigranular material renders them very poor surface 

cover materials on anything other than flat or undulating terrain.  Slopes steeper than 15% are 

unlikely to sustain the sandy material.  Erosion is a problem that will also need to be well 

managed on these materials. 

 

5.1.2 Clay 

 

The carbonaceous mudstones and purple coloured clay rich materials are of great importance to 

the mining operation for two reasons.  These materials are difficult o convey and require truck 

and shovel operations particularly when they are wet, and secondly because they are an 

excellent barrier layer material that compacts well, has only slight swelling or  expansive 

properties, and will act as a good cover material to the interburden and discard that is prone to 

spontaneous combustion. 
 

A significant amount of investigation and study has been done on these materials in the course 

of investigating their problem characteristics for conveyancing, all of which have been used in 

the assessment of their usefulness as a barrier layer material for the backfill management 

process. 
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The clay materials are predominantly composed of smectite clay (some Illite) and silica. They 

have a range of useful characteristics including their ability to compact to a degree where they 

form a suitable barrier layer to the infiltration of surface water to the underlying aquifers, hold 

substantial amounts of water that is available to the plants, are sites for the exchange of 

cations, help to hold the nutrients required for sustainable growth of vegetative matter, and are 

inherently less porous and therefore a suitable capping for areas where air and oxygen in 

particular need to be kept out of the system (reduction in spontaneous combustion) 

 

The clay materials exhibit wetness features within the soil profile and in some cases are 

responsible for the ponding of water for extended periods of time.  These areas are ecologically 

sensitive and produce distinctive faunal and floral characteristics that are mapable.  

 

The soils produced are generally deeper and more structured than the rocky materials and 

produce soils with a higher clay content better water holding capabilities, significantly better 

nutrient stores and poor drainage characteristics.  These soils where mapped at surface and 

extrapolation of the mine model was undertaken using these parameters. 

 

The mining characteristics of these materials are also significant, with the majority of the “clay” 

material being of a “Fee Dig” nature.  This implies that the materials can be dug from the face 

with an excavator, and that no blasting is necessary. 

 

By definition many of the soils derived from these lithologies vary in the degrees of wetness at 

the base of their profile, with distinctive mottling within the lower portion of the profile and the 

pale background colours.  

 

 

Utilizable 

Soil Layer 

Clay 

Materials 
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Depths of utilizable soil (to top of mottled horizon) vary from 500 mm to 1,000 mm. The deeper 

rooting depths (>600 mm) are considered potentially utilizable soils, with those less than 400 

mm being considered to have a wetness problem, and are considered wetland soils 

 

These soils are more susceptible to compaction when wet, and are more difficult to work due to 

the wetness factor.  

 

It is these soils that will be of use in the rehabilitation and stabilization of the overlying sand 

materials that have been proposed as the growing medium. The original topsoil and B1 horizon 

subsoils will need to be removed and stockpiled for use in stabilizing the sands at rehabilitation. 

 

Stockpiling of the “utilizable soils” (topsoil and upper portion of the subsoil) should be kept 

separate from the clay rich materials that underlie the soils, which in turn should be kept 

separate from the stockpiling of the rocky materials as they will be important as cover material. 

 

5.1.3 Rock 
 

The rocky sediments that have been referred to in the materials classification as “Rock” and for 

which slope stabilization and slope protection have been ear marked make up a substantial 

percentage of the cover to the area that is planned to be mined.  These materials are 

characterised by a more diverse texture of fine to medium grained shale and sandstone derived 

materials.  The sediments are better cemented and weather to a more sandy silt loam, with 

some degree of clay associated.  The calcium and iron content of these materials is substantial, 

and the bedding is horizontal to sub horizontal, rendering the infiltration of water to these 

profiles more difficult.   

 

 
 

 

 

 

Rock Material 

Utilizable 

Soil Layer 
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The result is that the weathered profile is generally more resistant and forms a hard horizon that 

needs to be blasted.  These materials are characterised by shallow soil cover and/or rocky 

outcrop on surface, and are associated with a particular ecological status. 

 

The “rock” materials are characterised at surface by shallow Glenrosa, Hutton and Clovelly Form 

soils with occasional Valsrivier and Swartland Forms on the more iron/magnesium rich horizons. 

 

Also observed are distinctive signs of calcium carbonate within many of the profiles associated 

with these areas.  The presence of CaCO3 is significant, and imparts a light structure to the 

subsoil‟s.   

 

The texture is dominated by a mixture of fine to medium grained sands and silt, with clay 

contents varying from as low as 8% to a maximum of 18%.  

 

In the topographically lower lying areas, the slightly higher clay contents are associated with the 
accumulation of smectite on the quartz grains and the concentration of sodium salts at 

moderately shallow depths.   

 

Chemically, these soils are similar to the “clay” materials described already, the variation being 

noted in the percentage of calcium and possible magnesium where the accumulation of CaCO3 

has occurred within the rooting zone. 

 

 

5.2 Soil Chemical and Physical Characteristics  

 

A suite of representative samples from the differing soil forms/types were taken and sent for 

analyses for both chemical as well as physical parameters.  A select number of samples were 

submitted, each sample containing a number of sub samples from a particular soil 

polygon/type, which is representative of the area in question, thus forming a composite sample, 

which in turn is representative of the soil polygon rather than just the point sampled.  

 

In addition, a suite of samples of the underlying weathered and decomposed materials were 

submitted for engineering tests to ascertain the materials utilization potential. 

 

5.2.1 Physical Attributes 
 
 

The engineering test results returned a number of interesting and useful indicators that have 

been used in the understanding and usability assessment study by both ESS and Redco. 

 

The results include: 

 

The results (Refer to Table 5.2.1 and Appendix 2) range from materials with silty texture and low 
bearing ratios (TRH G10 and classification A.4) to the more clay rich materials with a TRH of G10 

and classification A.6 that are not suitable for slope stabilization or sub-grade, to much coarser 

materials with a silty gravel and sand texture (A.2.4).  Each of these materials has a specific 

positive use based on its inherent natural physical attributes.  The more gravelly material (rock) 

is the only material useful for slope stability, with the clays being confined predominantly for 

barrier layer construction and possibly as a stabilizing layer beneath the rocky materials on the 

steeper slopes.  The sands are to be used exclusively for cover on the flat slopes and as the 

primary rooting medium beneath the replaced soils (Stockpiled Utilizable Soil). 
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Table 5.2.1 – Soil Physical Properties 
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5.2.2 Soil Chemical Characteristics 

 

Sampling of the soils for nutrient status was confined where possible to areas of undisturbed land 

where there was little chance of any influence imposed by man. 

 

These results will be useful in understanding the pre mining conditions, and will give a baseline from 

which to compare the soils when deciding on the need or lack thereof of fertilizers on rehabilitation 

at closure.  However, due to the inevitable loss of nutrients from the soils during stockpiling, 

additional sampling and analysis of the soils will be needed prior to their use for rehabilitation. 

 

The results of the chemical analysis for the Utilizable soils (Top 500mm) are based on a number of 

composite samples taken from the most common soil forms across the site and are representative 

only of the soil form and not a specific position in the site. 

 

The soil chemistry returned a vast range of results from slightly more acid soils to neutral pH,  
generally moderate to good reserves of Calcium, Magnesium and Potassium, and low reserves of 

Phosphorous, Zinc and Organic Carbon. 

 

 

Table 5.2.2 – Grootegeluk Soil Chemistry 

 

9-04420 9-04421 9-04422 9-04423 9-04424

GG 9 GG 35 GG 59 GG 14 GG 38

pH (KCI) pHunit 6.85 4.70 7.55 7.20 4.75

Calcium as Ca mg/kg 1946 122 2775 2060 134

Magnesium as Mg mg/kg 728 34 215 733 33

Potassium as Na mg/kg 817 49 232 811 50

Sodium as Na mg/kg 20 3 10 23 9

"S" Value me% 18.0 1.0 16.3 18.6 1.1

Ca Ratio me% 54 59 85 55 60

Mg Ratio me% 34 27 11 33 25

K Ratio me% 12 12 4 11 12

Na Ratio me% 0.5 1.2 0.3 0.5 3.5

Phosphorus as P* mg/kg 7 7 7 8 8

Zinc aas Zn mg/kg 1.1 0.9 1.2 2.0 1.5

Org.Mat. As C % 0.33 0.04 0.32 0.26 0.10

Clay % 39 2 19 33 2

Aluminum as Al mg/kg 1.2 6.0 0.8 0.1 4.4

Copper as Cu mg/kg 2.9 0.6 1.7 2.9 0.7

*P = Ambic 1 Extraction method.

Blue = High

Purple = Low

LAB. NO.

YOUR REF.

Results for: Grootegeluk Backfill - Synergystics - SG.GG.S.08.07.105
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The nutrient status (as returned from the limited sampling undertaken) indicates a need for 

fertiliser applications of “Zn” “P” and “organic matter”. 

 

However, it should be noted that the addition of nutrients in the form of commercial fertilisers 

are potential pollutants to the groundwater environment if added in excess.  This must be taken 

into account when applying these additives.  Small amounts of fertilizer should be added on a 

regular / more frequent basis, rather than adding large quantities in one application. 

 

5.2.2.1    Soil Acidity / Alkalinity 

 

In general, it is accepted that the pH of a soil has a direct influence on plant growth.  This may 

occur in a number of different ways, which include: 

 

 The direct effect of the hydrogen ion concentration on nutrient uptake; 

 Indirectly through the effect on major trace nutrient availability; and by 

 Mobilising toxic ions such as aluminium and manganese, which restrict plant growth. 
 

A pH range of between 6 and 7 most readily promotes the availability of plant nutrients to the 

vegetation.  However, pH values below 3 or above 9, will seriously affect, and reduce the nutrient 

uptake by a plant. 

 

The dominant soils mapped in this area are neutral to slightly acid (4.40 to 7.80), within the 
accepted range for moderate to good nutrient mobility.  However, some of the soils are verging 

on the acidic boundary, and will exacerbate the mobilization of nutrients. 

 

The increase in the base status will have the affect of potentially buffering the capacity of the 

moderately soils to mobilize nutrients, a good situation to have in these soils (additions of 

basaltic tailings and/or slurry will enhance the growing medium) 

 

5.2.2.2   Soil Salinity / Sodicity 

 

In addition, to the acidity / alkalinity of a soil, the salinity and/or sodicity are of importance in a 

soils potential to sustain growth. 

 

Highly saline soils will result in the reduction of plant growth caused by the diversion of plant 

energy from normal physiological processes, to those involved in the acquisition of water under 

highly stressed conditions.  Salinity levels of <60 mS/m will have no effect on plant growth.  From 

60 – 120 mS/m salt sensitive plants are affected, and above 120 mS/m growth of all plants is 

severely affected. 

 

In addition soil salinity may directly influence the effects of particular ions on soil properties.  The 

Sodium Adsorption Ratio (SAR) is an indication of the effect of sodium on the soils.  At high levels 

of exchangeable sodium, certain clay minerals, when saturated with sodium, swell markedly.  

With the swelling and dispersion of a sodic soil, pore spaces become blocked and infiltration 

rates and permeability are greatly reduced.  The critical SAR for poorly drained (grey coloured) 

soils is 6, for slowly draining (black swelling as found in this site) clays it is 10 and for well 

drained, (red and yellow) soils and recent sands, 15. The soils mapped in this area are all non 

saline and extremely low in clays. 
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5.2.2.3   Soil Fertility 

 

The soils mapped in this area returned moderate levels of most of the nutrients required for good 

plant growth, although Zn, P and organic carbon are generally lower than the optimum required. 

 

Significantly large areas of soil with an acceptable level of plant nutrition where mapped, all be it 

that the soil water, and water holding capabilities are low, (thus lowering the ability of the soils to 

hold nutrients within the rooting zone, and increase the susceptibility of the vegetation to 

drought) and the structure and texture is loose and highly permeable. 

 

There are no indications of any toxic elements that are likely to limit natural plant growth in the 

soils mapped within the study area.  Fairly standard fertiliser treatments will be needed for 

optimum agricultural production of crops on areas that have previously been planted, with 

exceptionally good water management being of paramount importance on both dryland as well 

as irrigated lands. 

 
5.2.2.4   Nutrient Storage and Cation Exchange Capacity (CEC) 

 

The potential for a soil to retain and supply nutrients can be assessed by measuring the cation 

exchange capacity (CEC) of the soils. 

 

The low organic carbon content is balanced to some extent by the relatively high clay content 

which naturally provide exchange sites that serve as nutrient stores.  These conditions will result 

in a low retention and supply of nutrients for plant growth. 

 

Low CEC values are an indication of soils lacking organic matter and clay minerals. Typically a 

soil rich in humus will have a CEC of 300 me/100g (>30 me/%), while a soil low in organic 

matter and clay may have a CEC of 1-5 me/100g (<5 me/%). 

 

Generally, the CEC values for the soils mapped in the area are moderate to high due to the 

moderate clay contents of some of the materials. 

  

5.2.2.5   Soil Erosion and Compaction 

 

The erosion potential of a soil is expressed by an erodibility factor (“K”), which is determined from 

soil texture, permeability, organic matter content and soil structure. The Soil Erodibility 

Nomograph of (Wischmeier et al, 1971) was used to calculate the “K” value.  An index of erosion 

(I.O.E.) for soils is then determined by multiplying the “K” value by the slope percentage.  Erosion 

problems may be experienced when the Index of Erosion is greater than 2. 

 

The “K” value is used to express the “erodibility” of a particular soil form. Erodibility is defined as 

the vulnerability or susceptibility of a soil to erosion.  It is a function of both the physical 

characteristics of the soil, as well as the treatment of the soil.  Erodibility ratings are expressed 

as: 
 Resistant   “K” factor = <0.15 

 Moderate   “K” factor = 0.15-0.35 

 Erodible   “K” factor = 0.35-0.45 

 Highly erodible  “K” factor = >0.45 

 

The average “Erosion Indices” for the dominant soil forms on the study site are shown in Table  

 

The majority of the soils mapped can be classified as having a moderate to low erodibility index 

based on the topography of the site (undulating to flat), but classify as moderate on the sands 

and low on the more clay rich materials and the generally low organic carbon content.  These 

factors combine to produce highly variable erosion indices for the differing materials.   

 

Overall, the index is rated at moderate to low.   
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The relatively wetter and more clay rich soils are susceptible to compaction.  These soils will need 

to be managed extremely well, both, during the stripping operation, as well as during the 

stockpiling/storage and rehabilitation stages. 

 

The concerns around erosion and compaction are directly related to the fact that the protective 

vegetation cover and topsoil will be disturbed during any mining or construction operation.  Once 

disturbed, the impacts from wind and water are increased.  Loss of soil (topsoil and subsoil) is 

extremely costly to any operation, and is generally only evident at closure or when rehabilitation 

operations are compromised.  Well planned management actions during the construction and 

operational phases will save time and money in the long run, and will have an impact on the 

ability to successfully “close” an operation once completed. 
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6. UTILIZATION OF MATERIALS - REHABILITATION 

 

The utilization of the various materials has been the subject of the specialist rehabilitation 

consultants, Redco, and the majority of the technical results are available in their report 

entitled “Vegetation & Rehabilitation Proposals” a part of the greater investigation being lead by 

Synergistics Environmental Consultants for the “Backfill Project”.  

 

In terms of the materials balance, it was important to understand the types of materials 

available as well as knowing where the materials are needed in terms of backfill, Sponcon and 

rehabilitation.   

 

Competition for materials is seen as one of the potentially complicating factors in the materials 

balance, and although this issue is beyond the scope of this study it was seen as important that 

a firm decision was made on were we believe the materials can best be utilized in terms of the 

Life of Mine. The importance of conserving the materials (soils, rock and clay) that are available 
and using them in the most environmental and cost effective way during the life of the mine will 

save costs and the environment (need for borrowing of materials) at closure. 

 

To this end, and after extensive discussion with the related specialists, an order of use and 

proposal on storage and utilization has been tabled.  For details of this proposal please refer to 

the rehabilitation study undertaken by Redco – Chapter 4.5 and 7 of “Exxaro Grootegeluk Coal 

Mine – Backfill Project Vegetation/Rehabilitation Proposals”. 

 

Please refer to Figure 6.1 for a Schematic representation of the materials use in the backfill 

planning. In summary, the following is planned: 

 

 Utilizable Soil – Nutrient Base and Final Cover; 

 Red Sands – 3m Deep rooting zone; 

 Clay – Barrier Layer; 

 Rocky Materials – Slope Stability. 
 

It has been proposed that all utilizable soil (500mm) will be stripped as a matter of best 

practice and stockpiled for use in top dressing areas that require a good nutrient base as part 

of the final cover.  It has been suggested, that due to the fact that there will be insufficient 

utilizable soil (no soil stockpiled to date) to cover the whole area, that the soils should be 

retained for use on the steeper slopes were erosion will be a potential problem that will require 

good vegetative cover.    

 

The Sand (Clarens Formation) is proposed as the cover material for the flat lying areas that 

make up the majority of the backfill area.  A minimum of three metres (3m) has been proposed 

so that the larger woody species of tree that occur naturally in the area at present can be re-

established as part of the rehabilitation plan. The quantity of sand available is a matter of 

concern as insufficient information was available to calculate a final volume. The soil study 

indicated that there is on average greater than 1,5m (length of auger) of depth to the red 

sands, and in almost all cases noted (excavations around the overburden/interburden dump) 

there is at least 3,0m (three metres) of depth to the sands.  

 

The Clay Materials (B1A) are understood well, and quantities and spatial distribution are known.  

These materials are of great use to both the mining engineers as management agents in the 

mitigation of the spontaneous combustion that occurs with the interburden being used to 

backfill the pit, while the need for a barrier layer below the sands is proposed if there is to be 

any retention of water for plant use.  This layer is believed to be ecologically very important, and 

will determine the success or failure of the sustainability of vegetation on the rehabilitated open 
pit.  A layer of at least 1m in thickness is recommended for this function.   
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The competition for the clay materials will need to be discussed in some detail, and although 

sufficient material appears to be evident from the calculations, it will be the need to stockpile 

these materials for use once the backfill has reached the final levels that will be the challenge.   

 

There will always be the tendency to want to reduce costs by single handling rather than double 

handling of materials (Stockpiling and storage), assuming that there will be sufficient materials 

left at the end of the life of mine.  This is seldom the case.  The need to borrow materials at the 

end of a mining operation is a very unsustainable and generally very costly situation. 

 

The Rock Material (B1B) identified within the weathering zone that will need to be stripped is 

proposed to be used as slope stabilization material on the steeper gradients that will inevitably 

need to be constructed at the end of the backfill operation around the final void. 

 

The rock material is inherently more competent and has to be blasted from the face in order to 
mine the material.  The act of blasting results in the creation of cobble to bolder size material 

that is very well suited to slope stability as it stands at a much steeper angle of repose. 
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Figure 6.1c – Schematic Cross Section – Materials Utilization 
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7. MAERIALS BALANCE 

 

Ultimately, this study was undertaken to ascertain the availability of cover/barrier material within 

the mining area, failing which, an understanding of the possibility of obtaining the required 

materials from the “Holdings” area was to be investigated. 

 

At the outset, and without a knowledge of the information that was available from the mine 

geological department and planning, the interpretation of the pedological information (top 1,5m) 

indicated that the quantities of good clay material available was insufficient for a barrier layer as 

proposed in the working model (Refer to Figures .  This was based on the backfill models being 

proposed by the consulting engineers (Jones & Wagener).  

 

In light of these facts (initial site visit and pedological study), the larger Exxaro Holdings area was 

assessed on a reconnaissance base to determine the possibilities of obtaining the required 

materials (Refer to Figure 7.2) from borrow pits. 
 

During the subsequent site visit to undertake the pedological study of the “Holdings Area” (Land 

owned but no mining right) the team was introduced to the Geological Department and Mr. Claris 

Dreyer in particular.  A large amount of geological information was made available at this time, 

and the “Clay Report and geological modelling information was tabled.  This information coupled 

with a visit to the open pit with the geological experts altered the perspective on materials 

availability, and laid the basis for the “materials balance” that has been used in these 

calculations. 

 

In summary, the following recommendations have been made based on the materials balance 

(Refer to Table 7.1 – Percentage materials available from overburden stripping): 

 

 Utilizable Soils – Strip 500mm and Stockpile 

 Clays - % of B1A – Removed and Stockpiled 

 Coarse (Rocky) Material - % B1B – Removed & Stockpile 

 Sands – Insufficient on Mining Area – Need to source from outside 
 

Table 7.1 – Percentage Materials Available from Overburden Stripping – Mining Area 

 

 

Material Types - EXXARO HOLDINGS

Material Types Area (m2) % of Area

Clay 35,554,685 18.79%

Rocky 15,350,533 8.11%

Sand 138,308,171 73.10%

Wb - Man Made 0 0.00%

Total Area 189,213,389 100.00%
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7.1 Mining Area – Materials Balance 

 

Summary for Mining Right Area – Estimated Volumes of Materials: 

 
 Utilizable Material  -  2.5 M Cubes – Remove  & Stockpile; 

 Barrier Clay –   10.1M Cubes of 260M Cubes Available -Stockpile; 

 Decomposed Rock –  5.0M Cubes of the 78M Cubes Available Stockpile; 

 

The combination of pedological information and the mine/geological model volume assessment 

has been used in the calculation of the materials volumes and determination of the overall 

materials balance. 

 

The spatial distribution of the various materials assessed in this study is depicted in Figure 7.1. 

The depths have been calculated based on the geological logs obtained from the exploration 
drilling and the extrapolation of this information across the site based on the pedological 

mapping. 

 

Table 7.1.1 is a summary of the calculation of material volumes and the proposed utilization for 

the various materials.  These figures have been compared with the required volumes based on 

the Option 2 Backfill Model as tabled by Jones & Wagener (Refer to Appendix 2). 

 

7.1.1 Description of Material Usage - Summary 

 

The summary table is the basis for the following discussion and sums up the findings of this 

study.  The results indicate that of the 78 million cubes of material to be removed from Bench 

1A, approximately 13% or in the region of 10 million cubes would be necessary for the proposed 

barrier layer if constructed at a thickness of 1m, while the materials contained in Bench 1B, 

generally the more rocky materials that need to be blasted, (considered good quality materials 

for slope stability) approximately 19% of the approximately 26 million cubes or 5 million cubes 

are considered sufficient to deal with the slope stability issues that are included as part of the 

Option 2 Backfill Design. 

 

The sand cover is slightly more difficult to calculate accurately.  However, based on a 

conservative view that there is at least three metres (3m) of Clarens Formation sand in areas 

that were mapped as such by the pedological survey (Refer to Figure 7.1) then an estimated 20 

million cubes is available and 15 million cubes is required.   
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Table 7.1.1 -  A Summary of the Calculation of Material Volumes and Proposed  

Materials Utilization 

 

42
43

44
45
46
47

48
49

50
51
52
53

54
55

C D F G

SUMMARY TABLE
Description Units Totals % Totals

Bench 1 Area m2 5,083,049
Bench 1A Thick m 
Bench 1B Thick m 
Sand (Based on 3m Depth) m 20,469,504

B1A - Available m3 77,759,482
B1B - Available m3 25,999,799

Utilizable Soil (0.5m) - Required m3 2,541,525 3.27%
Barrier Clay Mat. (2m) - Required m3 10,166,098 13.07%
Decomp. Rocky Mat. (1m) - Required m3 5,083,049 19.55%
Clarens Sand (3m) - Required m3 15,249,147 74.50%

Balance of B1A m3 65,051,859 83.66%
Balance of B1B m3 20,916,750 80.45%
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Figure 7.1 Material Distributions – Mining Area 

 
 

Table 7.1 – Mining Area (2008-2063) – Extrapolated Materials Balance 

 
Material Total Area Description Usage Average Depth Area Predicted Volume

Type (%) (m) (m2) (m3)

Fine Grained - highly 

Clay 38.28% decomposed sedimens Barrier layers 27 9,662,482 260,887,014

and coal clays (Red Zone)

Fine grained weathred

Rocky 34.69% sediments at suface Slope stability 9 8,757,206 78,814,854

(Green Zone)

Sand 27.03% Moderately deep to deep Cover materials 10 6,823,168 68,231,680

Clarens derived sands 3 6,823,168 20,469,504



Grootegeluk Colliery  

Mega Pit Backfill Project - Materials Assessment   Page 18 

 

Earth Science Solutions (Pty) Ltd August 2010 

 

7.2 Holding Area – Materials Balance 

 

The “Holding Area” or land owned by the mining company but area that does not have a mining 

right comprises a very large area to the north and east of the mining right area (Refer to Figure 

2.2 – Holding Area, and Figure 7.2 for the materials mapping).   

 

In the case of the holding area there is very little in the way of existing geological exploration 

information that was available to the project, and it was thus a matter of extrapolation of known 

information to the wider area and over a great spatial area.  This must be taken into account 

when considering the use of this data, and NO engineering or planning of future material needs 

can be undertaken without substantially more drilling and auger probing of the area. 

 

However, as a first approximation, the use of the reconnaissance pedological study and the 

understanding of the geological weathered products was believed to be worthwhile. 
 

Figure 7.2 and Table7.2reflect the spatial distribution and quantitative estimates for the various 

materials within the Holding Area. 

 

Of significance in the outcomes of this assessment is the significantly much larger extent of 

Clarens Sandstone derived sands.  This is borne out by the geology of the area, with more than 

70% of the Holdings Area underlain by Clarens Formation sandstone. 
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Figure 7.2 Material Distributions – EXXARO Holdings Area 

 
Table 7.2 – EXXARO Holdings – Extrapolated Materials Balance  

 
Material Total Area Description Usage Average Depth Area Predicted Volume

Type (%) (m) (m2) (m3)

Fine Grained - highly 

Clay 18.79% decomposed sedimens Barrier layers 27 35,554,685 959,976,495

and coal clays (Red Zone)

Fine grained weathred

Rocky 8.11% sediments at suface Slope stability 9 15,350,533 138,154,797

(Green Zone)

Sand 73.10% Moderately deep to deep Cover materials 10 138,308,171 1,383,081,710

Clarens derived sands
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8. MAERIALS HANDLING 

 

Summary of Proposed Handling of Materials 

 
 Air Space Required at 15m Stockpile height = Approx 100ha 

 Suggest Stockpile on area of no coal – between GG1 and GG West?? 

 

The overall management plan proposed for the handling of the materials has been based on the 

premise of sound environmental management measures that will ensure wherever possible a 

standalone solution to the rehabilitation. 

 

8.1 General Soil Utilization Guidelines  

 
The objective is to strip and stockpile the topsoil‟s and subsoil‟s that are to be removed from the 

open pit mining area and to conserve the valuable natural resources that will be needed as part 

of the rehabilitation process.  

 

The management measures aim to reduce the impacts of the open pit mining operation and to 

rehabilitate all disturbed areas so as to create a feature that emulates the existing landscape as 

closely as possible, and does not adversely impact on the area in general. 

 

The basic philosophy used in the management of soils is one of “Total Soil Utilization”, and is 

based on the understanding that all “utilizable” soil will be removed and stored for use at closure 

for rehabilitation.  This philosophy has been extended to the utilizable materials that have to be 

stripped in order to access the resource. The handling of the soils has been concentrated on as a 

matter of prime importance.  However, the clay rich materials and rock are as important to the 

success and sustainability of the eco systems that surround the Backfill Project proposed.   

 

Using the concept of “utilizable Soil” as the minimum requirement, it is proposed that all of the 

soils will be stripped without cleared the vegetation.  The large woody trees will need to be felled 

and chipped along with the more woody bushy plants.  

 

A number of general rules can be applied to the best practices and maintenance of the utilizable 

soils, all of which will be essential to the viable rehabilitation of the disturbed areas at closure.   

 

The concept of stripping and storage of all UTILIZABLE soil is tabled as a minimum requirement, 

and as part of the overall Soil Utilization Guidelines. 

 

In terms of the “Minimum Requirements”, usable soil is defined as, “All Soil above a defined 

subterranean cut-off depth defined by the project soil scientist” and will vary for different types of 

soil encountered in a project area.  It does not necessarily differentiate between topsoil (orthic 

horizon) and other subsoil horizons, although these will be recommended for separation where 
necessary. 

 

Soil stripping requirements are set to enable the mining company to achieve post mining land 

capabilities that are stipulated by the EMPR and based on pre-mining conditions.   Pre-mining 

land capability must achieve at least a grazing land capability, with the assumption being made 

that wherever possible the pre mining wilderness land capability will be returned to a grazing 

status i.e. soil to 500 mm depth. 
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The following general (not specific to this project) requirements should be adhered to wherever 

possible: 

 

 Over areas SHAFT and DECLINE ADITS strip all usable soil as defined by the 
pedological survey.  Strip and stockpile red/brown and yellow soils separately from 

the grey, black and heavy structured soils where necessary.  For rehabilitation 

replace soil to appropriate soil depths, and over areas and in appropriate 

topographic position to achieve pre-mining land capability. 

 

 Over areas of STRUCTURES (Offices, Workshops, Haul Roads) AND SOFT 
OVERBURDEN STOCKPILES strip the top 300 mm of usable soil over all affected 

areas including terraces and strip remaining usable soil where founding conditions 

require further soil removal, and store the soil in stockpiles of not more than 1.5 m 

around infrastructure area for closure rehabilitation purposes. Stockpile red/brown, 

yellow and black soils separately.  For rehabilitation strip all gravel and other 

material places to form terraces and recycle as construction material or place in 

open pit or down shaft.  Remove foundations to a maximum depth of 1m.  Replace 

soil to appropriate soil depths, and over areas and in appropriate topographic 
position to achieve pre-mining land capability 

 

 Over area of KIMBERLITE AND HARD OVERBURDEN STOCKPILES strip usable soil to 
a depth of 750 mm in areas of arable soils and between 300 and 550 mm in areas 

of soils with grazing land capability.  Stockpile red/brown, yellow and black soils 

separately.  For rehabilitation strip all gravel and other material places to form 

terraces and recycle as construction material or place in open pit or down shaft.  

Remove foundations to a maximum depth of 1m.  Replace soil to appropriate soil 

depths, and over areas and in appropriate topographic position to achieve pre-

mining land capability. 

 

 Over area of ACCESS ROADS, POWERLINES AND CONVEYOR SERVITUDES strip the 
top 150 mm of usable soil over all affected areas and stockpile in longitudinal 

stockpile within servitude as defined by security fence.  Keep compaction to a 

minimum, limiting it to the road area and footings of the conveyor.  For rehabilitation 

strip all gravel and recycle as construction material or place in open pit or down 

shaft.   
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9. Conclusions and recommendations 

 

Conclusions 

 

The materials that make up the mining lease area (area of material usage) comprise a variation of 

shallow soils on hard but decomposed sediments (grey shales and sandstones), in contrast to the 

much deeper and highly weathered siltstones and mudstones that make up the deep clay rich 

materials, and in places deep red sands.  Variations on these extremes are abundant, with 

significantly large areas of wet based soils that are mostly associated with the deep clay rich 
materials, and ecologically very sensitive areas. The dry based soils vary only slightly in structure, 

with the majority of the materials returning single grained to apedel structure in the upper 

horizons, and at worst weak crumby structure in the subsoil‟s, while the wet based soils range in 

structure from apedel and slightly structured (weak crumby) to gleycutanic and occasionally vertic 

structures on the more basic derived materials.  Texture is dominated by the parent materials from 

which the sols are derived, with variations in grain size from very fine grained silts and mudstone 

derived textures to medium to fine sandy materials, with very little in the way of colluvial derived 

materials.  The in-situ nature of the soils made for more accurate extrapolation of the materials 

that had been proven in drill cores and air percussion exploration boreholes and trenching. 

 

Of the materials required and classified approximately 38% of the mining lease area is underlain 

by materials that classify as having a clay consistency/texture, while 34% comprises rocky 

materials that are more silty and/or sandy in texture, while 27% comprised deep sands. 

 

It was assumed that an average depth of 30m of material will be removed from above the payable 

coal layers, and that all of these materials will need to be removed, and stockpiled for use in the 

backfill operation at some point and place in time.   

 

The volume of material to be removed based on these assumptions is 25,252,857m3. 

 

The Table below summaries the conceptualised materials balance: 

 

Material Type Area (m3) % of Total Mine Lease Area 

Clay 9,662,482 38.28 

Rock 8,757,206 34.69 

Sand 6,823,168 27.03 

Total 25,242,857 100.00 

 

   

The Materials Study returned a number of significant findings associated with the geological 

(geotechnical) and soils (pedological) that make up the mining lease area.  These include: 

 

 Deep unconsolidated fine single grained red sands associated with the weathering of the 
Clarens Formation (Deep Red Sands) which have been referred to as “sands” in the 

materials balance.  These materials are fine grained and extremely equi-granular in texture, 

returned low nutrient stores and poor water holding characteristics (low clay and silt). 

 

 In contrast, the materials associated with the sediments that host the coal seams are 
generally fine to very fine grained, have a mixture of silt and clay in association with the 

interbedded sandstones, and return soils and soft overburden materials that are 

significantly higher in organic carbon, returned moderate stores of important nutrients, and 

have the ability to store water.  The weathering profiles and associated clay contents are 

the defining factors used in the classification of these materials into “rock” or “clay”.  
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 The defining factor associated with the “clays” is the depth of decomposition and 

weathering, the chemistry of the materials, and the coal mineralisation determining the 

depth of weathering.  

 

The positive attributes of these materials are their water holding (storage) capabilities, their 

availability of better than average nutrient availability and their compactability (barrier 

layer). 

 

 The “rocky” material has been defined and separated from the clays for two reasons.  One 
is the workability of the materials, with the clays being a “Free Dig” material while the 

“rocky” materials need to be blasted, and the size of the materials that are produced when 

blasted.  

 
The rocky materials are generally associated with the shallow rocky soils, and are of the 

poorer quality land use soils, with limited nutrients available the plant growth, poor water 

retention and water storage abilities.  

 

The current (pre-mining) land capability is listed as moderate to low intensity grazing or more 

readily as wilderness/conservation status. 

 

Successful rehabilitation and sustainable re-vegetation of these materials has been investigated in 

more detail by Redco as part of the greater Backfill Project and will not be expanded on further 

here. 

 

Innovative ways of using the different materials that will be produced during the operation (Waste 

Rock, Clay and Sands) will play a major role in obtaining a sustainable and “Walk Away” solution. 

 

In Summary: 

 

Conceptually, the Mining Right Area is estimated to have the following volumes of materials: 

 

 Utilizable Material  -  2.5 M Cubes – Remove  & Stockpile; 

 Barrier Clay –   10.1M Cubes of 260M Cubes Available -Stockpile; 

 Decomposed Rock –  5.0M Cubes of the 78M Cubes Available Stockpile; 
 

 Air Space Required at 15m Stockpile height = Approx 100ha 

 Suggest Stockpile on area of no coal – between GG1 and GG West?? 
 

Recommendations 

 

 Remove 0,5m of Utilizable material from everywhere where it is present – Soil Cover; 

 Where Bench 1A is available (clays) remove 3m of material and stockpile – Clay – 
Barrier Layers (Mining softs – Free Dig); 

 Where present remove 3m of Bench 1B and stockpile – Decomposed Rock (Slope 
Stability); 

 Sand – Where available – remove and stockpile? 
 

Additional exploration augering is needed to better understand the quantities of sand (red sands – 

Clarens Fm) that are present within the mining right area. 
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BACKFILL MODEL OPTION 2
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Figure 7.3 – Proposed Backfill Design – On Final Open Pit Extent 
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Figure 7.4 – Final Backfill Design – 16m Final Depth overall plus Final Void 
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Figure 1.5 – Conceptual Design Drawings – Option 1 
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Figure 1.6 – Conceptual Design Drawings – Option 2 
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1.0 INTRODUCTION 
Golder Associates (Golder) was appointed by Exxaro Coal (Pty) Ltd (Exxaro) to conduct an ecological 
sensitivity analysis of the site of the proposed cyclic operated coal slurry pond system at Grootegeluk Mine 
near Lephalale, in the Limpopo Province. This study comprised a desktop review and brief field survey of the 
study area, focusing on the identification of possible sensitive habitats, Red Data and protected species. The 
field survey was conducted on the 15th and 16th September 2011. This document presents the findings of the 
study. 

2.0 SITE LOCATION AND PROJECT BACKGROUND 
Grootegeluk Mine is situated approximately 18km west-north-west of Lephalale (formerly Ellisras), in the 
Limpopo Province. The site of the proposed cyclic slurry pond system, hereafter referred to as the study 
area, is located within the existing Grootegeluk Mine lease area on the farm Appelvlakte portion 448LQ. The 
farm is approximately 1 500 ha and is referred to as the assessment area. 

Currently, coal slurry is pumped from the beneficiation plants to convention Slimes Dams (Dams 1 and 2) at 
a rate of 900 000 tons per year.  The current facilities will reach end of operating life in December 2012 and 
a new deposition scenario will be required. Since 2004, coal fines have been recovered from Slimes Dam 3 
and this dam will be completely removed by the end of 2012.. It is therefore proposed system will be located 
within the footprint of Slimes Dam 3, with a small Raw Water Dam located on the undisturbed land just to the 
North of the Dam 3 footprint. 

The proposed system will include a series of four slurry ponds designed to separate the coal fines and water, 
both of which will be recycled back to the process, with no proposed discharges under normal operating 
conditions.  The four slurry ponds and return water dams will be lined with low permeability liners and 
seepage collection systems will be used to reduce the potential for seepage into the soil and groundwater. 

3.0 OBJECTIVES 
The objectives of the sensitivity analysis are to: 

 Present a description of the study area’s existing flora and fauna characteristics; 

 Indentify sites of concern, such natural wetlands and other sensitive or important habitats; 

 Determine what species of concern (Red Data and protected flora and fauna) potentially occur in the 
study area;  

 Broadly identify and assess potential impacts of the proposed project on flora and fauna, and the 
ecological functioning of the study area, within the context of the entire assessment area; and 

 Provide management recommendations to mitigate identified negative impacts. 

4.0 SCOPE OF WORK 
The scope of work compromised three components, namely: 

 A desktop review of available literature to determine the broad floristic characteristics of the area and 
compile associated flora and fauna species lists. Specific focus was placed on possible Red Data and 
protected species according to the following frameworks: 

 Limpopo Environmental Management Act (No. 7 of 2003), Schedule 2 and 3; 

 National Forests Act (No. 84 of 1998), Listing No. 817, Schedule A; 

 International Union for the Conservation of Nature (IUCN) protected species lists (Status 
information sourced from IUCN (2011, internet), and SIBIS:SABIF(2009, internet); and 
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 National Environmental Management: Biodiversity Act Threatened or Protected Species List 
(NEMBA TOPS List) (2007). 

 A brief field survey to identify general on-site flora and fauna, particularly the possible presence of Red 
Data and protected species, and to broadly describe the ecological functioning of the study area. Line 
and belt transects where used to identify on-site flora, while the presence of fauna species was 
determined through direct visual observations and through recording of evidence such as spoor, 
feeding signs, faeces and burrows. No formal fauna trapping or survey techniques were conducted 
(refer to APPENDIX A for methodology relating to the determination of ecological functioning); and  

 Conduct an impact assessment based on the nature of the study area within the context of the entire 
assessment area (remaining portions of the Appelvlakte farm), and recommend suitable mitigation 
measures (refer to APPENDIX A for impact assessment methodology). 

4.1 Limitations and assumptions 
The flowing limitations and assumptions are applicable to this study: 

 Ecological studies are usually undertaken over a number of seasons in order to obtain long term 
ecological data. Studies are usually conducted in this way in order to eliminate the effects of unusual 
climatic conditions or other unusual conditions prevailing at the study area during the time of study. The 
results of this study are based on a literature review and one field survey of two days, conducted in the 
2011 dry season. No wet season sampling was conducted and as such it is noted that many migratory 
bird species are absent, and reptile and amphibian activity is low. Similarly, many annual plants and 
geophytes would not be readily observed. This report thus comprises a broad-scale analysis of the 
study areas ecological characteristics;  

 The fact that a species or Red Data species is not recorded during the survey cannot support the 
assumption that the species in question does not occur in the study area, it can only indicate a 
decreased probability of the species occurring in the area. This is particularly pertinent if the species 
has been recently recorded in the area;   

 For the purpose of this survey only passive sampling of fauna was conducted;  

 The accuracy of GPS points taken in the field is within 15m. Lines drawn on maps can only be assumed 
to be accurate to within 200m; 

 The maps and drawings produced for the purposes of this report are to be used for the purposes of this 
report only and cannot be used for design purposes; and  

 Data and information obtained through official documents or websites, peer reviewed scientific articles 
and previous ecological studies are assumed to be correct.  

5.0 RESULTS 
5.1 Literature Review 
The Grootegeluk Mine falls within the Limpopo Sweet Thornveld (SVcb19) vegetation type of the savanna 
biome (Mucina & Rutherford, 2006). The associated environmental characteristics of the savanna biome and 
the Limpopo Sweet Thornveld vegetation type are discussed below:  

5.1.1 Savanna Biome 
The savanna biome is the largest biome in South Africa, extending throughout the east and north-eastern 
areas of the country (Manning, 2009). Savannas are characterised by a dominant grass layers, over-topped 
by a discontinuous, but distinct woody plant layer. At a structural level Africa’s savannas can be broadly 
categorised as either fine-leaved (microphyllous) savannas or broad-leaved savannas. Fine-leaved 
savannas typically occur on nutrient rich soils and are dominated by microphyllous woody plants of the 
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Mimosaceae family (Common genera include Acacia and Albizia) and a generally dense herbaceous layer 
(Scholes & Walker, 1993). These savannas support a high herbivore biomass of both grazers and browsers. 
Conversely, broad-leaved savannas occur on nutrient poor soils, are characterised by woody plants from the 
Combretaceae family (common genera include Combretum and Terminalia) and typically support a low 
herbivore biomass (Scholes & Walker, 1993). Areas of Limpopo Sweet Thornveld will comprise a mixture of 
both fine-leafed and broad-leafed savannas. Along with fire and a distinct seasonal climate, browsing and 
grazing by large herbivores are the dominant determinants of the composition, structure and functioning of 
savanna ecosystems (Scholes & Walker, 1993).  

5.1.2 Limpopo Sweet Bushveld  
Limpopo Sweet Bushveld extends northwards from the lower reaches of the Crocodile and Marico Rivers to 
the Limpopo Valley and into Botswana. This vegetation type is dominated by elements of Low & Robelo’s 
(1996) Sweet Bushveld and Acocks (1953) Arid Sweet Bushveld (Mucina & Rutherford, 2006). The following 
notes summarise the features of this vegetation type: 

Vegetation and Landscape features 
Limpopo Sweet Bushveld is characterised by undulating or irregular plains dominated by open woodland. A 
number of tributaries of the Limpopo River traverse this vegetation type. (Mucina & Rutherford, 2006).  

Geology and Soils 
In terms of geology the study area is underlain by the sandstone, siltstone and mudstone of the Clarens 
Formation and the Matlabas Subgroup (Mokolian Waterberg Group), while soils are mainly of the sandy 
Clovelly and Hutton types (Mucina & Rutherford, 2006).   

Climate 
As with all vegetation types in the savanna biome, areas of Limpopo Sweet Bushveld experience summer 
rainfall with dry, cold winters. Frost is uncommon with winter temperatures as low as 2.1oC being recorded in 
the region. Summer temperatures peak at 38oC. Mean annual precipitation for this vegetation type ranges 
from 350-500 mm (Mucina & Rutherford, 2006). 

Important Plant Taxa 
Based on Mucina & Rutherford’s (2006) vegetation classification, important plant taxa are those species that 
have a high abundance, a frequent occurrence (not being particularly abundant) or are prominent in the 
landscape within a particular vegetation type. They note the following species as important taxa in the 
Limpopo Sweet Bushveld vegetation type: 

Trees: Acacia burkei, A. robusta, A. erioloba, A. mellifera subsp. detinens, A. nilotica, A. tortilis subsp. 
heteracantha, A. fleckii, Albizia anthelmintica, Boscia albitrunca, Combretum apiculatum, C. hereroense, 
Commiphora pyracanthoides, C. africana, Dichrostachys cinerea, Peltophorum africanum and Terminalia 
sericea 

Shrubs: Ehretia rigida, Catophractes alexandri, Euclea undulata, Rhigozum obovatum, Cadaba aphylla, 
Grewia flava, Leucosphaera, Diospyros lycioides subsp. Lycioides and Grewia flava. 

Graminiodes: Digitaria eriantha, Enneapogon cenchroides, Eragrostis lehmanniana, E. pallens, E. rigidior, 
Panicum maximum, P. coloratum, Schmidtia pappophoroides, Aristida congesta, Cymbopogon verticillata, 
Ischaemum afrum, Stipagrostis uniplumis and Urochloa mossambicensis. 

Herbs: Acanthosicyos naudinianus, Commelina benghalensis, Harpagophytum procumbens subsp. 
Transvaalense, Hemizygia elliotii and Hermbstaedtia odorata.    

Endemic Taxon: The succulent herb Piaranthus atrosanguineus is endemic to this region. 

Conservation 
According to Mucina & Rutherford (2006) Limpopo Sweet Bushveld is classified as Least Threatened. 
Although the target for conservation is 19%, only 14%of this vegetation type is currently under statutory 
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conservation in reserves such as D’Nyala Game Reserve. Cultivation has resulted in the transformation of 
approximately 5% of Limpopo Sweet Bushveld. Incidences of erosion vary from low to high (Mucina & 
Rutherford, 2006). 

5.2 Field Assessment 
5.2.1 Existing ecological characteristics 
The study area essentially comprises of four different communities based primarily on physiognomy and 
levels of disturbance. These are the Slimes Dams, the Borrow Pit, the artificial wetland areas adjacent to 
Slimes Dam 1 & 2 which are dominated by the reed Phragmites australis, and the surrounding Acacia 
bushveld areas. The floral characteristics and general condition of each community are shown in Figure 1 
and detailed below. All flora species recorded on-site during the 2011 site survey are listed in APPENDIX B. 
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Figure 1: Existing ecological characteristics of study area 
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Flora component  
Slimes Dams 
Slimes Dam 1 & 2 and Slimes Dam 5 have been completely transformed and degraded. No natural 
vegetation remains in these areas. Slimes Dam 3 (site of the proposed Cyclic Ponds) covers an area of 
approximately 23 ha and is almost completely transformed and degraded. Natural vegetation however still 
remains in fragmented, albeit highly disturbed patches on the western portion of the Slimes Dam and 
includes woody species such as Acacia tortilis, A. mellifera, A nilotica and Dichrostachys cinerea, wetland 
species such as Phragmites australis and ruderal grasses including Melinis repens, Enneapogon 
cenchroides, Cenchrus ciliaris and various Aristida species. Exotic flora species recorded in Slimes Dam 3 
include Nicotiana glauca and Tagetes minuta. 

Spoor and scats of common herbivores such as Warthog (Phacochoerus aethiopicus) and Impala 
(Aepyceros melampus) indicate that Slimes Dam 3 is traversed, if only occasionally, by large fauna who 
presumably forage in the area. In addition, numerous nesting holes of Whitefronted bee-eaters (Merops 
bullockoides) were observed in the interior northern wall of the Slimes Dam. These birds were observed 
using these holes during the field survey. Whitefronted bee-eaters are common residents of the savanna and 
grassland areas of northern South Africa (Sinclair et al.1997).  

Owing to the highly transformed and degraded state of Slimes Dam 3 its ecological functioning is considered 
low. The ecological functioning of Slimes Dam 1 & 2 and Slimes Dam 5 is negligible. 

Borrow Pit 
An old Borrow Pit between 30-50 m wide and approximately 630 m long is located immediately north of 
Slimes Dam 3. Although dry at the time of the field survey, the presence of patches of Phragmites australis 
indicates the collection of water in the Borrow Pit during the wet season, and the formation of an artificial 
wetland environment. Artificial or constructed wetlands are any type of anthropogenically induced wetland, or 
wetlands that are formed due to anthropogenic disturbances of natural areas (Brix 1994).  

Evidence such as spoor and scats suggests that fauna regularly use the wetter areas of borrow pit during the 
wet season for wallowing and as a source of drinking water. It is also possible that grasses in the wetter 
areas of the pit are probably used as a valuable grazing resource during the dry season. Large burrows were 
noted in this area. These appear to be initially excavated by Aardvark (Oryteropus afer) but are likely to be 
currently used by various species such as Warthog (Phacochoerus aethiopicus).  

Although the Borrow Pit is disturbed, it does constitute a relatively important community as it is situated 
adjacent to the Acacia bushveld areas and is utilized by various fauna species. The ecological functioning of 
this area is thus considered medium. 

Artificial wetland areas adjacent to Slimes Dam 1 & 2 
Water draining off Slimes Dam 1 & 2 has resulted in Phragmites australis reeds dominating the area 
between Slimes Dam 3 and Slimes Dam 1 & 2, and the area immediately east of Slimes Dam 1 & 2 through 
which the proposed conveyor will be routed. Owing to their close location to the Slimes Dams and adjacent 
access roads, these areas are highly disturbed, yet observations indicated that they are utilised by common 
species such as Kudu (Tragelaphus strepsiceros) and Warthog (Phacochoerus aethiopicus). Although a 
number of protected trees were found in these areas (Refer to Section 5.2.2), they are disturbed and thus 
their ecological functioning is considered medium to low. 

Acacia bushveld 
The land surrounding the Slimes Dams and the Borrow Pit and associated infrastructure consist of natural 
vegetation typical of the Sweet Mixed Bushveld vegetation type. Dominant woody species include thorn trees 
such as Acacia tortilis, A. Mellifera, A nilotica, A. nigrescens, Dichrostachys cinerea, and broad-leaved 
species typically including Combretum apiculatum, Combretum zeyheri and Terminalia sericea. A number of 
protected tree species (Refer to Section 5.2.2) were also recorded in this vegetation community.  

Disturbance levels in this community range from fairly high immediately adjacent to mining activities, to low in 
areas further afield where previous farming infrastructure such as fences and roads fragment the landscape. 
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Despite this, protected tree species occur throughout the Acacia bushveld community. Moreover this 
community is utilised by various fauna species and as such constitutes an important ecological habitat. 
Ecological functioning in areas of Acacia bushveld is thus considered medium to high.  

Fauna component 
A total of 15 bird and 14 mammal species were recorded in the study area during the field survey (See 
APPENDIX C). It is noted that the number of birds recorded is low and can be attributed to the late dry 
season conditions and the fact that the first summer rains had not yet fallen. As such, many migratory bird 
species that are likely to occur in the region during the summer are still absent. All recorded birds species 
are common, year-round residents of savanna areas in southern Africa (Sinclair, Hockey, & Tarboton, 1997). 

Mammals observed on site include medium to large ungulates, such as Kudu (Tragelaphus strepsiceros), 
Impala (Aepyceros melampus) and Warthog (Phacochoerus aethiopicus) and smaller species such as Scrub 
hare (Lepus saxatilis) and Vervet monkey (Ceropithecus aethiops). Furthermore, evidence in the form of 
spoor also indicates the presence of large predators such as Black-backed Jackal (Canis mesomelas), 
Brown Hyaena (Hyaena brunnea) and Leopard (Panthera pardus). All mammals recorded on-site are vagile 
and capable of moving away if disturbed. Refer to Section 5.2.2 for a description of fauna species of 
concern. 

5.2.2 Species of potential concern  
Flora 
Five protected tree species as per Listing No. 817, Schedule A of the National Forests Act (No. 84 of 1998) 
were identified in the study area. These are Acacia erioloba, Boscia albitrunca, Combretum imberbe, 
Sclerocarya birrea and Spirostachys africana. The latter species is further listed as Protected under 
Schedule 12 of the Limpopo Environmental Management Act (No. 7 of 2003).  

Acacia erioloba, Boscia albitrunca and Combretum imberbe were particularly common and were found 
throughout the study area. Although Sclerocarya birrea and Spirostachys africana were less abundant in the 
study area, it was noted that they are abundant in adjacent areas of Acacia bushveld. Refer to APPENDIX D 
for the co-ordinates of protected trees observed in the study area and a map indicating their location. 

Only one plant species that may occur in the area, namely Eulalia aurea, is listed as Near Threatened by the 
IUCN (2011), while a further eight species are listed as Least Concern (the lowest rating for assessed 
species) (SIBIS: SABIF, 2009, internet). According to Schedule 12 of the Limpopo Environmental 
Management Act (No. 7 of 2003) two species that potentially occur in the study area, namely Huernia 
stapelioides and Huernia transvaalensis, are listed as protected. Refer to Table 1 for a list of potential Red 
Data and protected species, and APPENDIX E for a list of all flora species potentially occurring in the study 
area.  
 
Table 1: Red Data and protected flora that may occur in the study area  

Scientific name  IUCN Status (2011) 
Protected Tree 
Species List 
(1998) 

Limpopo 
Protected Species 
List (2003) 

Acacia erioloba - Protected - 
Barleria rehmannii  Least Concern - - 
Boscia albitrunca  - Protected - 
Combretum imberbe  - Protected - 
Dipcadi papillatum. Least Concern  - - 
Drimia angustifolia  Least concern - - 
Dyschoriste rogersii  Least concern - - 
Eriospermum flagelliforme  Least Concern  - - 
Eulalia aurea  Near Threatened - - 
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Scientific name  IUCN Status (2011) 
Protected Tree 
Species List 
(1998) 

Limpopo 
Protected Species 
List (2003) 

Geigeria burkei  Least Concern  - - 
Huernia stapelioides  - - Protected 
Huernia transvaalensis  - - Protected 
Pterodiscus ngamicus  Least Concern  - - 
Requienia pseudosphaerosperma  Least Concern - - 
Sclerocarya birrea - Protected - 
Spirostachys africana  - Protected Protected 
 
Fauna 
Four mammal species recorded in the study area during the 2011 field survey are of potential concern (Table 
2). These species are listed as Red Data or protected under national and/or provincial legislation.  
 
Table 2: Red Data and protected mammal species recorded in the study area during the site survey 

Common name  Scientific name IUCN Status 
(2011) 

NEM:BA Threatened 
and Protected 
Species List  (2007) 

Limpopo 
Protected Species 
List (2003) 

Aardvark Oryteropus afer Least concern Not Listed Specially protected 
Brown Hyaena Hyaena brunnea Near threatened Protected Protected 
Leopard Panthera pardus Least concern Vulnerable Protected 
Steenbok Raphicerus campestris Least concern Not Listed Protected 
 
Although listed as threatened and/or protected, the species recorded in the study area during the 2011 field 
survey have widespread distributions, tolerate a range of habitats, and in certain areas are common to fairly 
common. They are also vagile and capable of relocating to surrounding natural areas should they be 
disturbed by construction activities. An additional 35 mammal species that may potentially occur in the study 
area are listed as Red Data or protected species (refer to APPENDIX F for a list mammal species potentially 
occurring in the study area and their associated statuses). Many of these however, are large species which 
will be confined to formally protected areas and are unlikely to be found in the study area.  
 
Two Red Data and protected reptile species have been recorded in the region, namely the Nile Crocodile 
(Crocodylus niloticus) and the African Rock Python (Python natalensis). The former species is unlikely to be 
present in the study area owing to the lack of permanent water. The African Rock Python (Python natalensis) 
however is likely to occur in the study area (refer to APPENDIX G for a list reptile species potentially 
occurring in the study area and their associated statuses). One Red Data and protected amphibian namely 
the Giant Bullfrog (Pyxicephalus adspersus) has been recorded in the region, but is unlikely to occur in the 
study area (Prof. L. Du Preez, per. comm. 2011) (Refer to APPENDIX H for a list amphibians potentially 
occurring in the study area and their associated statuses).  
 
According to Schedule 2 and 3 of the Limpopo Environmental Management Act (No. 7 of 2003) all birds 
occurring in the province, excluding certain very common species, are considered specially protected or 
protected. Moreover, 23 bird species that potentially occur in the study area are listed as Red Data or 
protected species by the IUCN (SIBIS: SABIF, 2009, internet) and/or NEMBA (2007) (Refer to APPENDIX I 
for a list bird species potentially occurring in the study area and their associated statuses).  
 
5.2.3 Sites of potential concern 
Owing to the confirmed presence of five protected tree species and four Red Data and protected mammals, 
the areas of Acacia bushveld, the Borrow Pit and artificial wetland areas adjacent to Slimes Dam 1 & 2 are of 
potential concern.  
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6.0 IMPACT ASSESSMENT 
The aim of the impact assessment is to identify and assess specific impacts that the proposed project will 
have on areas and species of concern, and on the general ecological functioning and integrity of the study 
area. Furthermore, the assessment aims to identify, and discuss suitable management measures to mitigate 
negative environmental impacts.  

6.1 Identification of site related issues and concerns 
Principle project related concerns include: 

 Destruction of protected tree species; 

 Direct disturbance of Red Data and protected fauna species; and 

 Habitat loss, habitat fragmentation and other project related disturbances reducing ecological 
functioning and the biodiversity of study area. 

These issues have been categorised into the following impacts: 

6.1.1 Habitat loss and degradation through vegetation clearing 
Construction activities in natural areas typically require the clearing of indigenous vegetation and the 
disturbance or removal of topsoil. In most instances, particularly in the actual development footprint, this 
impact is permanent and results in the destruction and disturbance of on-site flora, a reduction in floral 
diversity and the potential destruction of Red Data or protected plant species, such as those listed in Section 
5.2.2.  

Moreover, fauna occurring in the area may be directly and/or indirectly impacted upon by site clearing. Direct 
impacts include the actual killing or harming of animals, while indirect impacts include a reduction in species 
populations as a result of a loss of important life cycle habitats such as burrowing, roosting and foraging 
areas (Begon et al. 1996). This may further inhibit ecosystem processes leading to a reduction in fauna 
diversity, abundance, and distribution (Begon et al. 1996). Of specific concern in this regard, would be the 
Red Data and protected fauna species listed in Section 5.2.2. 

6.1.2 Establishment of exotic invasive plants 
Habitat degradation and disturbance resulting from vegetation clearing often facilitates the establishment of 
invasive exotic some of which may be listed as Category 1, 2 & 3 invasive plants according to the 
Conservation of Agricultural Resources Act (CARA) (No. 43 of 1983). This may result in further habitat loss 
and an overall loss of ecosystem functioning. According to the CARA, Category 1 & 2 species must be 
controlled and eradicated wherever they occur.   

6.1.3 Habitat fragmentation through the erection of artificial barriers 
Habitat fragmentation occurs as a direct result of habitat loss, and involves the partitioning and breakup of 
natural habitat into smaller, less viable habitat patches. Linear developments such as fences, roads and 
conveyors, in particular, are primary causes of habitat fragmentation (Begon et al. 1996).  

Habitat fragmentation not only affects the ability of fauna to disperse and move across the landscape, but 
also results in substantial edge effects. Edge effects refer to the reduction of habitat integrity and functioning 
in areas adjacent to the development, thus reducing the effective size of viable interior habitat, disrupting 
ecosystem processes and facilitating the encroachment of invasive, alien plant species (Begon et al. 1996). 
These impacts are generally long term and will only cease upon rehabilitation of the site. 

6.1.4 Sensory disturbance 
Sensory disturbances, such as noise and light, are often associated with construction activities. These 
disturbances have the potential to negatively affect fauna populations, particularly at critical life cycle 
periods, such as the breeding season. Sensory disturbances will be most prevalent during the construction 
phase of the proposed project and will probably affect the entire study area. 
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6.1.5 Spillage of toxic or harmful substances  
The spillage of harmful or toxic substances used may impact on the fauna and flora in a number of ways. 
Direct pathways include ingestion of the substances by fauna species resulting in toxicity in that individual, 
uptake of toxic chemicals by the roots of plants which may lead to toxicity in the plants and the chemicals 
entering the plant or animals system due to contact (through the skin, leaves or stems). Indirect pathways 
include the ingestion of contaminated plants or animals by other herbivorous or predatory species.  

6.1.6 Fauna–human interactions 
These impacts involve direct interactions between fauna, humans, and infrastructure, and can potentially 
harm or kill on-site fauna. Typical impacts include inter alia: 

 Vehicle–wildlife collisions; 

 Poaching, harvesting (bird eggs) , handling and poisoning of wildlife; and 

 Trapping of wildlife in mine infrastructure (fences, artificial dams, excavations and borrow pits). 

Fauna-human interactions will be most prevalent during the construction phase, when on-site activity is at its 
busiest. However certain impacts, particularly the trapping of wildlife in mine infrastructure such as fences, 
artificial dams, excavations and borrow pits, will persist throughout the life of the facility if not managed 
correctly.  

6.2 Recommended mitigation measures 
6.2.1 Habitat loss and degradation through vegetation clearing 
The following management measures are recommended to mitigate habitat loss and degradation and 
associated impacts: 

 Vegetation clearing should be restricted to the proposed development footprint, with no unnecessary 
clearing permitted outside of this area. Areas to be cleared, including construction sites and lay-down 
and vehicle turning points, should be taped off to prevent unnecessary disturbances; 

 Removed topsoil should be stockpiled and used to rehabilitate disturbed areas. Topsoil should ideally 
not be stockpiled for greater than 12 months and stockpiles should not exceed two metres in height; 

 Where practical, infrastructure should be routed around protected tree species. In instances where this 
is not possible, permits to cut, destroy and/or transplant protected trees should be obtained from the 
Department of Agriculture, Forestry and Fisheries. To facilitate this, all protected trees should be clearly 
marked, either with tape or paint, before clearing activities commence; 

 Should any Red Data or protected fauna species be encountered during site clearing and construction, 
and be reluctant to move off, the animal should be relocated under the supervision of the provincial 
conservation authority; and 

 It is recommended that an environmental control officer (ECO) be appointed during construction to 
monitor for the presence of Red Data and protected flora and fauna. 

6.2.2 Establishment of exotic invasive plants 

 An exotic species control programme, including monitoring, must be developed and implemented to 
reduce the encroachment of exotic invasive species; and 

 It is recommended that the environmental control officer (ECO) be responsible for monitoring the nature 
and extent of on-site exotic, invasive plants. 
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6.2.3 Habitat fragmentation 
In conjunction with the mitigation measures listed in Section 6.2.1 for habitat loss and degradation, the 
following additional measures are recommended to reduce the effects of habitat fragmentation: 

 Where possible, proposed linear infrastructure should be aligned with existing linear infrastructure. No 
unnecessary linear infrastructure should be developed; and 

 Where possible, culverts should be installed at regular intervals along conveyor routes, fences and 
access roads to allow access across the barrier. 

6.2.4 Sensory disturbances 
Impacts related to noise and light pollution may be mitigated by: 

 Lighting shields, directional lighting and low level lights should be implemented, where applicable; and 

 Noise emanating from construction machinery and equipment should be kept to a minimum, by the 
fitting of exhaust silencers and through the regular maintenance of construction vehicles. Where 
possible, construction activities should be restricted to daylight hours. 

6.2.5 Spillage of harmful or toxic substances 

 All harmful or toxic substances kept on-site should be stored in bunded areas, or in the correct manner 
as stipulated by the relevant Material Safety Data Sheets (MSDS); and 

 An emergency spillage containment plan should be developed and implemented to control for the 
spillage of harmful and toxic substances. 

6.2.6 Fauna-human interactions 

 A low speed limited should be enforced on site to reduce wildlife-collisions; 

 The destruction, harvesting, handling, poisoning and killing of on-site fauna and flora must be strictly 
prohibited; 

 Mine employees and contractors should be made aware of the presence of, and rules regarding, flora 
and fauna through suitable induction training and on-site signage; and 

 All borrow pits, trench excavations, Cyclic Ponds and storage dams should be fenced off to prevent 
wildlife from accessing these areas, or equipped with ramps to allow wildlife to escape should they fall 
or become entrapped. 

6.3 Impact Analysis 
The following section outlines the perceived magnitude and environmental consequences of the identified 
impacts. The assessment criteria for flora and fauna are presented in Table 3. Refer to Table 4 and Table 5 
for the results of the impact analyses.  

Table 3: Impact assessment criteria for flora and fauna 

Resource Direction Magnitude Geographic 
Extent Duration Reversibility Frequency 

Flora 
positive, 
negative or 
neutral 

negligible:  no 
measurable effect 
from current 
conditions  
low:  <10% 
change from 
current conditions
moderate:  10 to 

local:  effect 
restricted to 
the study 
area 
regional:  
effect extends 
beyond the 
study area 

short-term: 
construction 
medium-
term: 
operations 
long-term:  
>operations 

reversible  
or 
irreversible  

low:  occurs 
once 
medium:  
occurs 
intermittently 
high:  occurs 
continuously 
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Resource Direction Magnitude Geographic 
Extent Duration Reversibility Frequency 

20% change from 
current conditions
high:  >20% 
change from 
current conditions 

into the RSA 
beyond 
regional:  
effect extends 
beyond the 
RSA 

Fauna  
positive, 
negative or 
neutral 

negligible:  no 
measurable effect 
from current 
conditions 
low:  <10% 
change from 
current conditions
moderate:  10 to 
20% change from 
current conditions
high:  >20% 
change from 
current conditions 

local:  effect 
restricted to 
the study 
area 
regional:  
effect extends 
beyond the 
study area 
into the RSA 
beyond 
regional:  
effect extends 
beyond the 
RSA 

short-term: 
construction 
medium-
term: 
operations 
long-term:  
>operations 

reversible  
or 
irreversible  

low:  occurs 
once 
medium:  
occurs 
intermittently 
high:  occurs 
continuously 

6.3.1 Habitat loss and degradation 
Eighty six hectares of the farm Appelvlakte have been previously impacted, with the entire Slimes Dam 3, as 
well as the existing Borrow Pit and a portion of the proposed return water dam either completely transformed 
or highly disturbed. Similarly, the artificial wetland areas adjacent to Slimes Dam 1 & 2 where the proposed 
pipeline and conveyor are routed are disturbed.  

The proposed project will result in an additional 13 ha, or 1%, of the remaining undisturbed land in the 
assessment area comprising Acacia bushveld, being disturbed. Construction activities in these undisturbed 
areas will result in habitat loss and degradation. However considering the limited extent of proposed 
vegetation clearing compared to the remaining areas of natural vegetation in the assessment area, the 
impacts on flora resulting from habitat loss and degradation are not of major concern.  This notwithstanding, 
the probability that a number of protected trees in the study area may need to be cleared during construction 
is of concern. As such, the rating of this impact is considered high. 

From a fauna perspective, although evidence suggests that various mammal and bird species make use of 
the entire study area, these areas are unlikely to form critical or unique habitats. Similarly, considering that  
1 401 ha of the assessment area will remain in a natural state it is anticipated that fauna disturbed by the 
proposed development will be able to move off to adjacent undisturbed areas. Impacts on fauna resulting 
from habitat loss and degradation are thus expected to be low consequence.  

6.3.2 Establishment of exotic vegetation 
The clearing of vegetation in undisturbed areas such as the Acacia bushveld, may facilitate the 
establishment and encroachment of exotic invasive plant species, which if not controlled will may persist 
throughout all phases of the project. Although the area to be cleared is small (1%) in comparison to the 
remaining portion of the assessment area, exotic invasive plant species have the potential to invade areas 
where disturbance has not taken place. The rating for this impact on flora is thus considered high, while its 
impact on fauna is considered low.  

6.3.3 Habitat fragmentation 
The establishment of the proposed conveyor will cause fragmentation of habitat, with the portion of land 
between Slimes Dam 3, the mine access road and the conveyor, being largely cut-off from rest of the 
landscape. Be that as it may, owing to the current placement of the former two features, this portion of land 
does not form an important dispersal or movement corridor. The impact of habitat fragmentation on flora is 
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considered low, while the impact on fauna populations is rated low to moderate. It is expected that post-
decommissioning, successful rehabilitation will reduce the effects of habitat fragmentation   

6.3.4 Sensory disturbance 
Sensory disturbances from noise and light will be experienced on-site during all phases of the project, but 
will cease post-decommissioning. Considering the proximity of Grootegeluk Mine and its current noise and 
light levels, coupled with the ability of sensor sensitive species to relocate to adjacent natural areas, the 
significance of sensory disturbance on fauna is considered low.   

6.3.5 Spillage of harmful or toxic substances 
The probability of spillages of harmful or toxic substances will be highest during the construction phase when 
various chemicals and materials used in construction are transported, handled and stored in the study area. 
Further, increased vehicular traffic may lead to increased spills of fuel and lubricants.  

These impacts however, will be limited to disturbed areas such as roads, laydown areas and construction 
sites. The environmental significance of these impacts on flora is considered low, while it is considered 
moderate for fauna. 

6.3.6 Fauna–human interactions 
Vehicle wildlife collisions 
The commencement of construction activities will lead to an increase in the number of on-site workers and 
vehicular traffic. The potential for increased vehicle wildlife collisions will increase concurrently. It is 
anticipated that the probability of such impacts occurring will reduce during the operational and 
decommissioning phases. The significance of vehicle wildlife collisions is rated as high.  

Poaching, harvesting, handling and poisoning of wildlife 
An increase in the number of on-site workers may lead to increased incidences of poaching, harvesting, 
handling and poisoning of wildlife. It is anticipated that the probability of such impacts occurring will reduce 
during the operational and decommissioning phases. The significance of these impacts on fauna is rated 
moderate. 

Trapping of wildlife in mine infrastructure 
Incidences of wildlife being tapped in mine infrastructure will be limited to the development footprint and 
although the probability of such incidences occurring will be highest during the construction phase, they will 
persist until to a lesser degree, until the site is eventually rehabilitated. These impacts are not expected to 
have detrimental effects on fauna populations and thus have a low significance. 
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Table 4: Impact classification and environmental consequence – Flora  
Resource Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) Reversibility(e) Frequency(f) Environmental 

Consequence 

Habitat loss and degradation 

Flora Negative High Local Long term Reversible Low High 

Establishment of exotic invasive plants 

Flora Negative High Local Long term Reversible High High 

Habitat fragmentation 

Flora Negative Low Local Long term Reversible Low Low 

Spillage of toxic or harmful substances 

Flora Negative Moderate Local Short term Reversible Medium Low 

 
Table 5: Impact classification and environmental consequence – Fauna distribution and abundance 

Resource Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) Reversibility(e) Frequency(f) Environmental 
Consequence 

Habitat loss and degradation 

Mammals Negative Low Local Long term Reversible Low Low 

Birds Negative Low Local Long term Reversible Low Low 

Herpetofauna Negative Low Local Long term Reversible Low Low 

Establishment of exotic invasive plants 

Mammals Negative Low Local Long term Reversible Medium Low 

Birds Negative Low Local Long term Reversible Medium Low 

Herpetofauna Negative Low Local Long term Reversible Medium Low 

Habitat fragmentation 

Mammals Negative Moderate Local Long term Reversible Low Moderate 

Birds Negative Low Local Long term Reversible Low Low 

Herpetofauna Negative Moderate Local Long term Reversible Low Moderate 

Sensory disturbance – Noise and Light 

Mammals Negative Moderate Local Medium term Reversible High Low 
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Resource Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) Reversibility(e) Frequency(f) Environmental 
Consequence 

Birds Negative Moderate Local Medium term Reversible High Low 

Herpetofauna Negative Moderate Local Medium term Reversible High Low 

Vehicle-wildlife collisions 

Mammals Negative High Local Medium term Reversible Medium High 

Birds Negative High Local Medium term Reversible Medium High 

Herpetofauna Negative High Local Medium term Reversible Medium High 

Poaching, harvesting, handling and poisoning of wildlife 

Mammals Negative High Local Short term Reversible Medium Moderate 

Birds Negative High Local Short term Reversible Medium Moderate 

Herpetofauna Negative High Local Short term Reversible Medium Moderate 

Spillage of toxic or harmful substances 

Mammals Negative High Local Short term Reversible Medium Moderate 

Birds Negative High Local Short term Reversible Medium Moderate 

Herpetofauna Negative High Local Short term Reversible Medium Moderate 

Trapping of wildlife in mine infrastructure 

Mammals Negative Low Local Long term Reversible Medium Low 

Birds Negative Low Local Long term Reversible Medium Low 

Herpetofauna Negative Low Local Long term Reversible Medium Low 
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7.0 CONCLUSIONS 
The farm Appelvlakte is approximately 1 500 ha in extent, of which 86 ha has been previously disturbed. The 
remaining 1 414 ha comprises natural Acacia bushveld which provide habitat for a variety of fauna and have 
a medium to high ecological functioning.  

Approximately 13 ha of undisturbed land will be disturbed by the proposed project. This constitutes only 1% 
of the Appelvlakte property. As such, within the context of the property, the majority of impacts on general 
flora associated with the project are not considered of major concern. However, protected tree species 
including Acacia erioloba, Boscia albitrunca, Combretum imberbe, Sclerocarya birrea and Spirostachys 
africana are common and found throughout the study area. It is likely that in many instances these will fall 
within the proposed development footprint and will therefore need to be cleared which is of concern. Where 
practical it is recommended that proposed infrastructure be routed around protected trees. In instances 
where this is not possible or feasible, provision can be made to obtain permits from the Department of 
Agriculture, Forestry and Fisheries to cut, destroy or transplant individual protected trees. 

The establishment and spread of exotic, invasive plant species has a high potential significance. However, 
this impact can be mitigated substantially through the implementation of a suitable control programme.  

A number of fauna species were observed in the study area during the 2011 field survey. Of these, five 
mammal species are listed as Red Data or protected. In addition many other listed species may potentially 
occur in the area. This notwithstanding, considering the already disturbed nature of much of the development 
footprint and the extent of natural habitat remaining on the farm Appelvlakte, it is anticipated that any fauna 
species of concern that inhabit the site will be able to relocate to adjacent areas should they be disturbed. 
The overall impact of habitat loss and fragmentation and many of the other identified impacts on resident 
fauna populations are thus not considered to be of major concern.  

Vehicle–wildlife collisions have the potential to be an impact of high significance. This impact can be 
mitigated by enforcing vehicle speed limits and by ensuring mine employees and contractors are aware of 
the presence of, and rules regarding fauna. 

Based on the above findings, the current assessment could not identify any fatal flaws from an ecological 
perspective with regard to the proposed project. It is however recommended that the mitigation measures 
listed in Section 6.2 form part of the project’s environmental management procedure.  
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Methodology  
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Rating of ecological function 

Rating Ecological function 

High 

Sensitive ecosystems with either low inherent resistance or resilience towards disturbance 
factors or highly dynamic systems considered to be stable and important for the maintenance of 
ecosystems integrity (e.g. pristine grasslands, pristine wetlands and pristine ridges). These 
areas generally have a high conservation value and development should be actively 
discouraged 

Medium 

Relatively important ecosystems at gradients of intermediate disturbances. An area may be 
considered of medium ecological function if it is directly adjacent to sensitive/pristine 
ecosystem. These areas generally have a moderate to high conservation value. Development 
may be permitted but should be managed appropriately. 

Low 
Degraded and highly disturbed systems with little or no ecological function and little value from 
a conservation perspective. 

Impact Assessment Methodology 
From a technical, conceptual or philosophical perspective the focus of impact assessment ultimately narrows 
down to a judgment on whether the predicted impacts are significant or not. The concept of significance is at 
the core of impact identification, prediction, evaluation and decision-making (DEAT, 2002). The 
determination of significant impacts relates to the degree of change in the environmental resource measured 
against some standard or threshold. The environmental consequence of impacts can be derived by 
considering the following criteria: 

 Direction of the impact 

 Geographical extent of the impact. 

 Magnitude of the impact. 

 Duration of the impact. 

 Frequency of impact 

 Reversibility based on potential for mitigation and rehabilitation. 

The descriptors for the ratings (DEAT, 2002) are as follows: 

 High  Of the highest order possible within the bounds of impacts that could occur, there is 
no possible mitigation that could offset the impact, or mitigation is difficult. 

 Moderate  Impact is real, but not substantial in relation to other impacts that might take effect 
within the bounds of those that could occur. Mitigation is both feasible and fairly 
easily possible 

 Low  Impact is of a low order and therefore likely to have little real effect. Mitigation is 
either easily achieved or little mitigation is required, or both. 

 No impact   Zero Impact 

Development of mitigation measures 
The quantitative accuracy and precision of impact predictions is particularly important for prescribing 
mitigation measures (DEAT, 2002). This is especially important for those impacts, pollutants or resources 
that require the setting of a site-specific discharge limit or need to be within legislated standards (DEAT, 



SENSITIVITY ANALYSIS 

 

September 2011 
Report No. 10613294-10951-1  

 

2002). A common approach to describing mitigation measures for critical impacts is to specify a range of 
targets with predetermined acceptable range and an associated monitoring and evaluation plan. 

To ensure successful implementation, mitigation measures should be unambiguous statements of actions 
and requirements that are practical to execute (DEAT, 2002). A summary of the different approaches used to 
prescribe and design mitigation measures follows: 

 Avoidance  Mitigation by not carrying out the proposed action. 

 Minimisation  Mitigation by scaling down the magnitude of a development, re-orienting the layout 
of the project or employing technology to limit the undesirable environmental impact. 

 Rectification  Mitigation through the restoration of environments affected by the action. 

 Reduction  Mitigation by taking maintenance steps during the course of the action. 
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APPENDIX B  
List of flora species recorded in the study area during the 2011 
site survey  
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Family  Species Name  

MIMOSACEAE Acacia erioloba 
MIMOSACEAE Acacia nilotica 
MIMOSACEAE Acacia tortilis 
MIMOSACEAE Acacia robusta 
MIMOSACEAE Acacia mellifera 
MIMOSACEAE Acacia nigrescens 
MIMOSACEAE Acacia burkei 
ANACARDIACEAE Sclerocarya birrea 
EUPHORBIACEAE Spirostachys africana 
TILIACEAE Grewia bicolor 
TILIACEAE Grewia flava 
TILIACEAE Grewia flavescens 
CAESALPINIACEAE Peltophorum africana 
COMBRETACEAE Combretum imberbe 
COMBRETACEAE Combretum apiculatum 
COMBRETACEAE Combretum zeyheri 
COMBRETACEAE Combretum hereroense  
CAPPARACEAE Boscia albitrunca 
CAPPARACEAE Boscia foetida subsp. rehmanniana 
EBENACEAE Euclea crispa 
MIMOSACEAE Dichrostachys cinerea 
BORGINACEAE Ehretia rigida 
RHAMNACEAE Ziziphus mucronata 
BURSERACEAE Commiphora glandulosa 
COMBRETACEAE Terminalia sericea 
ASTERACEAE Tarchonanthus camphoratus 
SOLANACEAE Nicotiana glauca* 
POACEAE Aristida adscensionis 
POACEAE Aristida bipartita 
POACEAE Cynodon dactylon 
POACEAE Digitaria eriantha 
POACEAE Eragrostis rigidior 
POACEAE Hyparrhenia hirta 
POACEAE Melinis repens 
POACEAE Panicum maximum 
POACEAE Urochloa mossambicense 
POACEAE Phragmites australis 
POACEAE Cenchrus ciliaris 
DRCAENACEAE Sansevieria pearsonii.  
SOLANACEAE Solanum panduriforme 
ASTERACEAE Tagetes minuta* 
ASTERACEAE Pseudognaphalium luteo-album* 
* Exotic species  
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APPENDIX C  
List of fauna species recorded in the study area during the 
2011 site survey 
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Common Name Scientific Name  

Mammals 
Common duiker Sylvicapra grimmia 
Steenbok Raphicerus campestris 
Impala Aepyceros melampus 
Bushbuck Tragelaphus scriptus 
Kudu Tregelaphus strepsiceros 
Warthog Phacochoerus aethiopicus 
Bushpig Potamocherus porcus 
Aardvark Oryteropus afer 
Leopard Panthera pardus 
Brown hyaena Hyaena brunnea 
Black-backed jackal  Canis mesomelas 
Porcupine  Hystrix africaeaustralis  
Scrub hare Lepus saxatilis 
Vervet monkey Ceropithecus aethiops 
Birds 
Arrow-marked babbler Turdoides jardineii 
Natal francolin Francolinus natalensis 
Crested francolin Francolinis sephaena 
Chin-spot batis Batis molitor 
Grey-headed bush shrike Malaconotus blanchoti 
White-fronted bee eater Merops bullockoides 
Yellow billed hornbill Tockus leucomelas  
Spotted eagle owl Bubo africanus 
Blackbacked puffback  Dryoscopus cubla 
Cape Turtle dove Streptopelia capicola 
Laughing dove Streptopelia senegalensis 
Grey lourie Corythaixoides concolor 
Pied crow Corvus capensis 
Helmeted guineafowl Numida melagris 
Fierynecked nightjar Caprimulgus tristigma 
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APPENDIX D  
Co-ordinates of protected trees recorded in study area 
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Tree species Co-
ordinates 

Number of 
trees at 

point 

Combretum imberbe S23 38.197 
E27 33.999 1 

Combretum imberbe S23 37.940 
E27 34.305 2 

Combretum imberbe S23 37.950 
E27 34.304 1 

Combretum imberbe S23 37.947 
E27 34.316 1 

Combretum imberbe S23 37.922 
E27 34.326 1 

Combretum imberbe S23 37.893 
E27 34.323 2 

Combretum imberbe S23 38.153 
E27 34.266 2 

Combretum imberbe S23 38.133 
E27 34.270 1 

Combretum imberbe S23 38.114 
E27 34.258 1 

Combretum imberbe S23 38.106 
E27 34.254 6 

Combretum imberbe S23 38.091 
E27 34.247 1 

Combretum imberbe S23 38.087 
E27 34.261 20 

Combretum imberbe S23 38.076 
E27 34.269 1 

Combretum imberbe S23 38.068 
E27 34.255 5 

Combretum imberbe S23 38.054 
E27 34.259 2 

Combretum imberbe S23 38.048 
E27 34.272 1 

Combretum imberbe S23 38.019 
E27 34.263 1 

Combretum imberbe S23 37.980 
E27 34.254 1 

Combretum imberbe S23 37.955 
E27 34.255 2 

Combretum imberbe S23 37.896 
E27 34.247 1 

Combretum imberbe S23 38.080 
E27 33.882 1 

Combretum imberbe S23 37.952 
E27 34.271 1 

Combretum imberbe S23 37.971 
E27 34.281 1 
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Tree species Co-
ordinates 

Number of 
trees at 

point 

Combretum imberbe S23 38.064 
E27 34.277 2 

Combretum imberbe S23 38.101 
E27 34.288 1 

Combretum imberbe S23 38.102 
E27 34.280 1 

Combretum imberbe S23 38.105 
E27 34.285 1 

Combretum imberbe S23 38.109 
E27 34.290 1 

Combretum imberbe S23 38.100 
E27 34.305 1 

Combretum imberbe S23 37.940 
E27 34.034 1 

Combretum imberbe S23 38.184 
E27 34.279 1 

Combretum imberbe S23 38.359 
E27 34.395 1 

Combretum imberbe S23 39.099 
E27 33.820 1 

Combretum imberbe S23 39.115 
E27 33.807 1 

Combretum imberbe S23 39.122 
E27 33.815 2 

Combretum imberbe S23 39.103 
E27 33.846 1 

Combretum imberbe S23 39.087 
E27 33.861 2 

Combretum imberbe S23 39.052 
E27 33.856 1 

Combretum imberbe S23 39.089 
E27 33.820 1 

Combretum imberbe S23 39.081 
E27 33.776 1 

Combretum imberbe S23 37.948 
E27 34.245 1 

Combretum imberbe S23 37.897 
E27 34.296 1 

Combretum imberbe S23 37.957 
E27 34.254 1 

Combretum imberbe S23 37.925 
E27 34.301 1 

Combretum imberbe S23 37.930 
E27 34.304 1 

Boscia albitrunca S23 38.024 
E27 33.857 1 
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Tree species Co-
ordinates 

Number of 
trees at 

point 

Boscia albitrunca S23 37.942 
E27 33.846 1 

Boscia albitrunca S23 37.950 
E27 33.845 1 

Boscia albitrunca S23 37.882 
E27 33.800 1 

Boscia albitrunca S23 37.863 
E27 33.787 1 

Boscia albitrunca S23 37.835 
E27 33.781 1 

Boscia albitrunca S23 37.831 
E27 33.796 1 

Boscia albitrunca S23 37.874 
E27 33.859 1 

Boscia albitrunca S23 37.872 
E27 33.899 1 

Boscia albitrunca S23 37.872 
E27 33.930 1 

Boscia albitrunca S23 37.862 
E27 33.979 3 

Boscia albitrunca S23 38.122 
E27 33.780 1 

Boscia albitrunca S23 37.874 
E27 33.982 1 

Boscia albitrunca S23 37.879 
E27 33.986 1 

Boscia albitrunca S23 37.875 
E27 34.014 1 

Boscia albitrunca S23 37.880 
E27 34.046 1 

Boscia albitrunca S23 37.886 
E27 34.088 1 

Boscia albitrunca S23 37.875 
E27 34.167 1 

Boscia albitrunca S23 37.877 
E27 34.201 1 

Boscia albitrunca S23 37.820 
E27 34.253 1 

Boscia albitrunca S23 37.826 
E27 34.182 1 

Boscia albitrunca S23 37.831 
E27 34.091 1 

Boscia albitrunca S23 38.017 
E27 33.819 1 

Boscia albitrunca S23 37.824 
E27 34.068 1 
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Tree species Co-
ordinates 

Number of 
trees at 

point 

Boscia albitrunca S23 37.844 
E27 33.968 1 

Boscia albitrunca S23 37.857 
E27 33.934 1 

Boscia albitrunca S23 37.862 
E27 33.900 1 

Boscia albitrunca S23 37.843 
E27 33.849 1 

Boscia albitrunca S23 37.859 
E27 33.816 1 

Boscia albitrunca S23 37.843 
E27 34.234 1 

Boscia albitrunca S23 37.831 
E27 34.220 1 

Boscia albitrunca S23 37.817 
E27 34.198 1 

Boscia albitrunca S23 38.006 
E27 33.828 1 

Boscia albitrunca S23 38.026 
E27 34.281 1 

Boscia albitrunca S23 37.973 
E27 33.810 1 

Boscia albitrunca S23 37.942 
E27 33.818 1 

Boscia albitrunca S23 37.915 
E27 33.834 1 

Boscia albitrunca S23 37.924 
E27 33.842 1 

Boscia albitrunca S23 37.927 
E27 33.849 1 

Acacia erioloba S23 38.129 
E27 33.879 1 

Acacia erioloba S23 38.036 
E27 33.878 1 

Acacia erioloba S23 38.213 
E27 34.324 1 

Acacia erioloba S23 38.217 
E27 34.333 1 

Acacia erioloba S23 38.264 
E27 34.366 1 

Acacia erioloba S23 38.287 
E27 34.386 1 

Acacia erioloba S23 38.310 
E27 34.383 1 

Acacia erioloba S23 38.323 
E27 34.366 2 
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Tree species Co-
ordinates 

Number of 
trees at 

point 

Acacia erioloba S23 38.341 
E27 34.367 2 

Acacia erioloba S23 38.371 
E27 34.366 1 

Acacia erioloba S23 38.511 
E27 34.366 1 

Acacia erioloba S23 37.989 
E27 33.882 1 

Acacia erioloba S23 38.523 
E27 34.366 1 

Acacia erioloba S23 38.532 
E27 34.365 2 

Acacia erioloba S23 38.527 
E27 34.395 1 

Acacia erioloba S23 38.500 
E27 34.396 1 

Acacia erioloba S23 38.492 
E27 34.390 1 

Acacia erioloba S23 38.417 
E27 34.393 1 

Acacia erioloba S23 38.400 
E27 34.393 1 

Acacia erioloba S23 38.579 
E27 34.370 1 

Acacia erioloba S23 38.569 
E27 34.379 1 

Acacia erioloba S23 38.566 
E27 34.387 2 

Acacia erioloba S23 37.974 
E27 33.882 1 

Acacia erioloba S23 38.619 
E27 34.330 1 

Acacia erioloba S23 38.619 
E27 34.318 1 

Acacia erioloba S23 38.636 
E27 34.319 1 

Acacia erioloba S23 38.631 
E27 34.283 4 

Acacia erioloba S23 38.655 
E27 34.250 2 

Acacia erioloba S23 38.682 
E27 34.243 1 

Acacia erioloba S23 38.675 
E27 34.233 1 

Acacia erioloba S23 38.701 
E27 34.238 2 
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Tree species Co-
ordinates 

Number of 
trees at 

point 

Acacia erioloba S23 38.694 
E27 34.218 1 

Acacia erioloba S23 38.732 
E27 34.205 1 

Acacia erioloba S23 38.139 
E27 33.843 1 

Acacia erioloba S23 38.748 
E27 34.176 1 

Acacia erioloba S23 38.760 
E27 34.171 1 

Acacia erioloba S23 38.774 
E27 34.158 1 

Acacia erioloba S23 38.788 
E27 34.153 1 

Acacia erioloba S23 38.789 
E27 34.138 1 

Acacia erioloba S23 38.770 
E27 34.128 2 

Acacia erioloba S23 38.777 
E27 34.124 1 

Acacia erioloba S23 38.870 
E27 34.073 1 

Acacia erioloba S23 38.864 
E27 34.058 1 

Acacia erioloba S23 38.180 
E27 33.846 1 

Acacia erioloba S23 38.873 
E27 34.097 1 

Acacia erioloba S23 38.867 
E27 34.054 1 

Acacia erioloba S23 38.946 
E27 33.991 1 

Acacia erioloba S23 38.821 
E27 34.064 1 

Acacia erioloba S23 38.714 
E27 34.175 1 

Acacia erioloba S23 38.705 
E27 34.202 1 

Acacia erioloba S23 38.702 
E27 34.202 1 

Acacia erioloba S23 38.652 
E27 34.319 1 

Acacia erioloba S23 39.093 
E27 33.815 2 

Acacia erioloba S23 39.111 
E27 33.818 2 



SENSITIVITY ANALYSIS 

 

September 2011 
Report No. 10613294-10951-1  

 

Tree species Co-
ordinates 

Number of 
trees at 

point 

Acacia erioloba S23 38.180 
E27 33.837 1 

Acacia erioloba S23 39.071 
E27 33.853 1 

Acacia erioloba S23 39.024 
E27 33.880 1 

Acacia erioloba S23 39.047 
E27 33.875 1 

Acacia erioloba S23 39.055 
E27 33.867 1 

Acacia erioloba S23 39.076 
E27 33.832 1 

Acacia erioloba S23 38.208 
E27 33.767 1 

Acacia erioloba S23 38.193 
E27 33.766 1 

Acacia erioloba S23 38.153 
E27 33.780 1 

Acacia erioloba S23 38.139 
E27 33.783 1 

Acacia erioloba S23 38.132 
E27 33.877 1 

Acacia erioloba S23 38.137 
E27 33.790 1 

Acacia erioloba S23 37.950 
E27 33.809 1 

Acacia erioloba S23 37.907 
E27 33.815 1 

Acacia erioloba S23 38.208 
E27 33.909 1 

Acacia erioloba S23 37.937 
E27 33.900 1 

Acacia erioloba S23 37.937 
E27 33.924 1 

Acacia erioloba S23 37.938 
E27 33.930 1 

Acacia erioloba S23 37.936 
E27 33.940 1 

Acacia erioloba S23 37.931 
E27 33.944 4 

Acacia erioloba S23 37.936 
E27 33.956 3 

Acacia erioloba S23 37.937 
E27 33.971 1 

Acacia erioloba S23 38.106 
E27 33.883 1 
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Acacia erioloba S23 37.938 
E27 33.987 4 

Acacia erioloba S23 37.932 
E27 33.986 1 

Acacia erioloba S23 37.940 
E27 34.024 3 

Acacia erioloba S23 37.941 
E27 34.048 1 

Acacia erioloba S23 37.940 
E27 34.059 1 

Acacia erioloba S23 37.939 
E27 34.064 2 

Acacia erioloba S23 37.936 
E27 34.070 1 

Acacia erioloba S23 37.933 
E27 34.075 1 

Acacia erioloba S23 37.939 
E27 34.085 1 

Acacia erioloba S23 37.933 
E27 34.132 1 

Acacia erioloba S23 38.099 
E27 33.883 1 

Acacia erioloba S23 37.937 
E27 34.120 1 

Acacia erioloba S23 37.938 
E27 34.159 1 

Acacia erioloba S23 37.935 
E27 34.163 1 

Acacia erioloba S23 37.937 
E27 34.187 1 

Acacia erioloba S23 37.932 
E27 34.242 1 

Acacia erioloba S23 37.877 
E27 33.922 1 

Acacia erioloba S23 37.878 
E27 34.175 1 

Acacia erioloba S23 37.883 
E27 34.177 2 

Acacia erioloba S23 37.878 
E27 34.196 2 

Acacia erioloba S23 37.886 
E27 34.197 1 

Acacia erioloba S23 37.882 
E27 34.203 2 

Acacia erioloba S23 38.080 
E27 33.873 1 
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Number of 
trees at 
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Acacia erioloba S23 37.878 
E27 34.221 1 

Acacia erioloba S23 37.875 
E27 34.278 2 

Acacia erioloba S23 37.872 
E27 34.290 2 

Acacia erioloba S23 37.881 
E27 34.292 1 

Acacia erioloba S23 37.887 
E27 34.286 3 

Acacia erioloba S23 37.895 
E27 34.299 3 

Acacia erioloba S23 37.907 
E27 34.303 1 

Acacia erioloba S23 37.923 
E27 34.304 1 

Acacia erioloba S23 37.929 
E27 34.306 1 

Acacia erioloba S23 37.951 
E27 34.302 1 

Acacia erioloba S23 38.075 
E27 33.885 1 

Acacia erioloba S23 37.959 
E27 34.299 2 

Acacia erioloba S23 37.936 
E27 34.320 2 

Acacia erioloba S23 37.922 
E27 34.316 1 

Acacia erioloba S23 37.907 
E27 34.311 5 

Acacia erioloba S23 37.896 
E27 34.328 4 

Acacia erioloba S23 37.888 
E27 34.316 5 

Acacia erioloba S23 37.882 
E27 34.317 1 

Acacia erioloba S23 37.877 
E27 34.332 24 

Acacia erioloba S23 37.856 
E27 34.317 1 

Acacia erioloba S23 37.854 
E27 34.293 1 

Acacia erioloba S23 37.859 
E27 34.324 8 

Acacia erioloba S23 38.213 
E27 33.849 1 
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Number of 
trees at 
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Acacia erioloba S23 38.061 
E27 33.878 1 

Acacia erioloba S23 38.207 
E27 33.910 1 

Acacia erioloba S23 38.196 
E27 33.961 1 

Acacia erioloba S23 38.142 
E27 34.257 2 

Acacia erioloba S23 38.121 
E27 34.261 1 

Acacia erioloba S23 38.164 
E27 34.253 5 

Acacia erioloba S23 38.013 
E27 34.264 1 

Acacia erioloba S23 38.011 
E27 34.255 1 

Acacia erioloba S23 38.003 
E27 34.264 2 

Acacia erioloba S23 37.984 
E27 34.264 1 

Acacia erioloba S23 37.962 
E27 34.259 1 

Acacia erioloba S23 37.903 
E27 34.261 1 

Acacia erioloba S23 38.051 
E27 33.881 1 

Acacia erioloba S23 37.899 
E27 34.250 1 

Acacia erioloba S23 37.890 
E27 34.249 1 

Acacia erioloba S23 37.860 
E27 34.238 1 

Acacia erioloba S23 37.872 
E27 34.290 2 

Acacia erioloba S23 37.897 
E27 34.287 1 

Acacia erioloba S23 37.902 
E27 34.292 1 

Acacia erioloba S23 37.907 
E27 34.291 1 

Acacia erioloba S23 37.916 
E27 34.284 1 

Acacia erioloba S23 37.923 
E27 34.281 1 

Acacia erioloba S23 38.044 
E27 33.883 1 
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Acacia erioloba S23 37.929 
E27 34.288 1 

Acacia erioloba S23 37.941 
E27 34.285 4 

Acacia erioloba S23 37.959 
E27 34.282 1 

Acacia erioloba S23 37.971 
E27 34.271 1 

Acacia erioloba S23 37.981 
E27 34.277 1 

Acacia erioloba S23 38.000 
E27 34.266 1 

Acacia erioloba S23 38.013 
E27 34.276 2 

Acacia erioloba S23 38.027 
E27 34.281 1 

Acacia erioloba S23 38.028 
E27 34.270 1 

Acacia erioloba S23 38.043 
E27 34.287 7 

Sclerocarya birrea  S23 39.085 
E27 33.889 2 

Sclerocarya birrea  S23 39.067 
E27 33.910 2 

Sclerocarya birrea  S23 39.053 
E27 33.896 2 

Sclerocarya birrea  S23 39.028 
E27 33.873 3 

Sclerocarya birrea  S23 39.048 
E27 33.877 1 

Sclerocarya birrea  S23 38.308 
E27 34.390 1 

Sclerocarya birrea  S23 38.351 
E27 34.366 1 

Sclerocarya birrea  S23 39.116 
E27 33.842 2 

Sclerocarya birrea  S23 39.110 
E27 33.831 4 

Sclerocarya birrea  S23 39.083 
E27 33.855 1 

Sclerocarya birrea  S23 39.071 
E27 33.846 1 

Sclerocarya birrea  S23 39.080 
E27 33.865 1 

Sclerocarya birrea  S23 38.195 
E27 33.836  
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Spirostachys africana  S23 37.860 
E27 33.773 1 

Spirostachys africana  S23 39.077 
E27 33.789 5 

Spirostachys africana  S23 39.082 
E27 33.797 2 

Spirostachys africana  S23 39.089 
E27 33.807 1 

Spirostachys africana  S23 37.824 
E27 33.803 1 

Spirostachys africana  S23 37.858 
E27 34.086 1 

Spirostachys africana  S23 37.871 
E27 34.104 1 

Spirostachys africana  S23 37.869 
E27 34.114 1 

Spirostachys africana  S23 39.067 
E27 33.779 5 
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APPENDIX E  
List of plant species that may potentially occur in the study 
area 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Abrus laevigatus E. Mey - - - 
Abutilon austro-africanum Hochr. - - - 
Abutilon pycnodon Hochr. - - - 
Acacia caffra (Thunb.) Willd - - - 
Acacia erioloba - Protected - 
Acacia fleckii Schinz - - - 
Acacia mellifera (Vahl) Benth. subsp. detinens (Burch.) Brenan - - - 
Acacia senegal (L.) Willd var. rostrata Brenan - - - 
Acacia sp - - - 
Acacia tortilis (Forssk.) Hayne subsp. heteracantha (Burch.) Brenan - - - 
Acalypha caperonioides Baill. - - - 
Acalypha indica L.    var. indica - - - 

Acanthosicyos naudinianus (Sond.) C. Jeffrey - - - 

Acroceras macrum Stapf - - - 
Aeschynomene indica L. - - - 
Albizia harveyi E. Fourn - - - 

Albuca setosa Jacq. - - - 

Alectra orobanchoides Benth - - - 
Alistilus bechuanicus N.E. Br. - - - 

*Ambrosia artemisiifolia L.  - - - 

Andropogon schirensis Hochst. ex A.Rich. - - - 
Anthephora pubescens Nees - - - 
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List (1998) 

Limpopo Protected 
Species List (2003) 

Aponogeton junceus Lehm. - - - 
Aristida adscensionis L. - - - 
Aristida canescens Henrard subsp. canescens - - - 
Aristida congesta Roem. & Schult. subsp. congesta - - - 
Aristida spectabilis Hack. - - - 
Aristida stipitata Hack. Subsp. graciliflora (Pilg.) Melderis  - - - 
Asparagus cooperi Baker - - - 
Asparagus exuvialis Burch. Forma exuvialis - - - 
Asystasia schimperi T. Anderson - - - 
Athrixia elata Sond. - - - 
Bacopa floribunda (R.Br.) Wettst. - - - 
Barleria affinis C.B. Clarke - - - 
Barleria galpinni C.B. Clarke - - - 
Barleria lancifolia T.Anderson subsp. lancifolia - - - 
Barleria mackenii Hook. F. - - - 
Barleria prionitis L. subsp. prionitis - - - 
Barleria rehmannii C.B.Clarke Least Concern - - 
Barleria sp. - - - 
Bauhinia petersiana Bolle subsp. macrantha (Oliv.) Brummit & J.H. 
Ross - - - 

Blepharis breyeri Oberm. - - - 
Blepharis diversispina (Nees). C.B. Clarke - - - 
Blepharis maderaspatensis (L.) Roth - - - 
Boscia foetida Schinz subsp. rehmanniana (Pestal.) Toelken - - - 
Bosicia albitrunca (Burch.) Gilg & Gilg-Ben - Protected - 
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Limpopo Protected 
Species List (2003) 

Bothriochloa bladhii (Retz.) S.T. Blake - - - 
Brachiaria nigropedata (Ficalho & Hiern) Stapf  - - - 
Bulbostylis hispidula (Vahl.) R.W. Haines subsp. pyriformis (Lye) R.W. 
Haines - - - 

Bulbostylis humilis (Kunth) C.B. Clarke - - - 
Cenchrus ciliaris L. - - - 
Cenia microglossa DC. (= Cotula microglossa) - - - 
Ceratophyllum demersum L. var. demersum - - - 
Ceratotheca triloba (Bernh.) Hook.f - - - 
Chamaecrista absus (L.) H.S.Irwin & Barneby - - - 
Chamaecrista biensis (Steyaert) Lock - - - 
Chascanum hederaceum  (Sond.) Moldenke var. hederaceum  - - - 
Chascanum pinnatifidum (L.f.) E.Mey. var. pinnatifidum - - - 
Chironia purpurascens (E.Mey.) Benth. & Hook.f. subsp. humilis (Gilg) 
I.Verd. - - - 

Chorisochora transvaalensis (A.Meeuse) Vollesen - - - 
Cleome angustifolia Forssk. subsp. petersiana (Klotzsch ex Sond.) 
Kers - - - 

Cleome hirta (Klotzsch) Oliv. - - - 
Cleome rubella Burch. - - - 
Clerodendrum ternatum Schinz - - - 
Clutia pulchella L. var. pulchella - - - 
Coccinia sessilifolia (Sond.) Cogn - - - 
Combretum apiculatum Sond. - - - 
Combretum hereroense Schinz - - - 
Combretum imberbe Wawra - Protected - 
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Combretum zeyheri Sond.  - - - 
Commelina benghalensis L. - - - 
Commelina erecta L. - - - 
Commelina livingstonii C.B. Clarke - - - 
Commiphora mollis (Oliv.) Engl. - - - 
Commiphora neglecta I.Verd. - - - 
Commiphora pyracanthoides Engl. - - - 
Commiphora schimperi (O. Berg) Engl. - - - 
Commiphora species - - - 
Corchorus asplenifolius Burch. - - - 
Corrigiola litoralis L. subsp. litoralis var. litoralis - - - 
Cotula anthemoides L. - - - 
Crassula capitella Thunb. subsp. sessilicymula (Mogg) Toelken - - - 
Crotalaria orientalis Burtt Davy ex I.Verd. subsp. orientalis - - - 
Crotalaria podocarpa DC. - - - 
Crotalaria sphaerocarpa Perr. Ex DC. subsp. sphaerocarpa - - - 
Cryptolepis oblongifolia (Meisn.) Schltr. - - - 
Cucumis myriocarpus Naudin. subsp. myriocarpus - - - 
Cyanotis speciosa (L.f.) Hassk. - - - 
Cymbopogon pospischilii (K.Schum.) C.E.Hubb. - - - 
Cyperus chersinus (N.E.Br.) Kuk. - - - 
Cyperus margaritaceus Vahl var. margaritaceus - - - 
Dactyloctenium giganteum Fisher & Scweick.  - - - 
Dalechampia capensis A. Spreng - - - 
Denekia capensis Thunb. - - - 
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Dicerocaryum senecioides (Klotzsch) Abels - - - 
Dichrostachys cinerea (L.) Wight & Arn. - - - 
Dicliptera minor C.B.Clarke subsp. minor - - - 
Dicoma tomentosa Cass. - - - 
Digitaria debilis (Desf.) Willd - - - 
Digitaria eriantha Steud. - - - 
Diospyros lycioides Desf. subsp. nitens (Harv. ex Hiern) De Winter - - - 
Dipcadi gracillimum Baker - - - 
Dipcadi papillatum Oberm. Least Concern  - - 
Dipcadi platyphyllum Baker - - - 
Diplorhynchus condylocarpon (Mull. Arg.) Pichon - - - 
Drimia angustifolia Baker Least concern - - 
Dyschoriste fischeri Lindau - - - 
Dyschoriste rogersii S. Moore Least concern - - 
Echinochloa holubii (Stapf.) Stapf - - - 
Echinochloa jubata Stapf   - - 
Echinochloa stagina (Retz. P. Beauv. - - - 
Eleocharis limosa (Schrad.) Schult. - - - 
Eleusine coracana (L.) Gaertn. subsp. africana (Kenn.-O'Byrne) Hilu & 
de Wet - - - 

Entodon cymbifolius Wager & Dixon - - - 
Eragrostis aspera (Jacq.) Nees - - - 
Eragrostis hierniana Rendle - - - 
Eragrostis lehmanniana Nees - - - 
Eragrostis lehmanniana Nees    var. chaunantha (Pilg.) De Winter - - - 
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Eragrostis lehmanniana Nees    var. lehmanniana - - - 
Eragrostis pallens Hack. - - - 
Eragrostis sarmentosa (Thunb.) Trin - - - 
Eragrostis sp. - - - 
Eragrostis superba Peyr. - - - 
Eriocaulon abyssinicum Hochst. - - - 
Eriospermum flagelliforme (Baker) J.C.Manning Least Concern  - - 
Eriospermum porphyrovalve Baker - - - 
Erucastrum griquense (N.E.Br.) O.E.Schulz - - - 
Euclea undulata Thunb. - - - 
Eulalia aurea (Bory) Kunth Near Threatened - - 
Euphorbia malevola L.C. Leach subsp. malevola   - - 
Euphorbia neopolycnemoides Pax & K. Hoffm. - - - 
Euphorbia tirucalli L. - - - 
Euphorbia waterbegensis R.A. Dyer - - - 
Evolvulus alsinoides (L.) L. - - - 
Fabronia pilifera Hornsch. - - - 
Felicia mossamedensis (Hiern) Mendoca - - - 
Ficus glumosa Delile - - - 
Gardenia volkensii K. Schum. subsp volkensii var. volkensii - - - 
Geigeria burkei Harv. subsp. burkei var. burkei Least Concern  - - 
Gisekia africana (Lour.) Kuntze var. cymosa Adamson - - - 
Gisekia pharnacioides var. pharnacioides - - - 
Glinus bainesii (Oliv.) Pax - - - 
Gossypium herbaceum L. subsp. africanum (Watt) Vollesen - - - 



SENSITIVITY ANALYSIS 

 

September 2011 
Report No. 10613294-10951-1  

 

Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Grewia avellana Hiern - - - 
Grewia flava DC. - - - 
Grewia occidentalis L.  var. occidentalis - - - 
Grewia retinervis Burret - - - 
Grewia subspathulata N.E.Br. - - - 
Gymnema sylvestre (Retz.) Schult. - - - 
Harpagophytum procumbens (Burch.) DC. ex Meisn. subsp. 
transvaalense Ihlenf. & H.E.K.Hartmann - - - 

Helichrysum nudifolium (L.) Less. var. oxyphyllum (DC.) Beentje - - - 
Helichrysum zeyheri Less. - - - 
Hermannia grisea Schinz - - - 
Hermannia modesta (Ehrenb.) Mast. - - - 
Hermannia stellulata (Harv.) K.Schum. - - - 
Hermannia tomentosa (Turcz.) Schinz ex Engl. - - - 
Hermbstaedtia odorata (Burch.) T. Cooke var. aurantiaca (Suess.) C.C. 
Towns - - - 

Hermbstaedtia odorata (Burch.) T. Cooke var. odorata - - - 
Heteropogon contortus (L.) Roem. & Schult. - - - 
Hibiscus calyphyllus Cav. - - - 
Hibiscus micranthus L.F. var. micranthus - - - 
Hibiscus microcarpus Garcke - - - 
Hibiscus nigricaulis Baker f. - - - 
Hibiscus physaloides Guill. & Perr. - - - 
Hibiscus platycalyx Mast. - - - 
Hibiscus praeteritus R.A.Dyer - - - 
Hibiscus pusillus Thunb. - - - 



SENSITIVITY ANALYSIS 

 

September 2011 
Report No. 10613294-10951-1  

 

Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Hibiscus schinzii Gürke - - - 
Hibiscus sidiformis Baill. - - - 
Hibiscus vitifolius L. subsp. vulgaris Brenan & Exell - - - 
Hirpicium bechuanense (S.Moore) Roessler - - - 
Hoffmannseggia burchellii (DC.) Benth. ex Oliv. subsp. rubro-violacea 
(Baker f.) Brummitt & J.H.Ross - - - 

Huernia stapelioides Schltr. - - Protected 
Huernia transvaalensis Stent - - Protected 
Hypericum lalandii Choisy - - - 
Indigofera bainesii Baker - - - 
Indigofera daleoides Benth. Ex Harv. var. daleoides - - - 
Indigofera filipes Benth. Ex Harv. - - - 
Indigofera ingrata N.E.Br. - - - 
Indigofera nebrowniana J.B.Gillett - - - 
Indigofera sordida Benth. Ex Harv. -     
Indigofera species - - - 
Ipomoea adenioides Schinz    var. adenioides - - - 
Ipomoea coptica (L.) Roth ex Roem. & Schult. - - - 
Ipomoea crassipes Hook. - - - 
Ipomoea gracilisepala Rendle - - - 
Ipomoea hackeliana (Schinz) Hallier f. - - - 
Ipomoea obscura (L.) Ker Gawl. - - - 
Ipomoea robertsiana Rendle - - - 
Justicia exigua S.Moore - - - 
Justicia flava (Vahl) Vahl - - - 
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Kedrostis foetidissima (Jacq.) Cogn. - - - 
Kirkia acuminata Oliv. - - - 
Kirkia wilmsii Engl. - - - 
Kohautia caespitosa Schnizl. subsp. brachyloba (Sond.) D.Mantell - - - 
Kohautia cynanchica DC. - - - 
Kohautia virgata (Willd.) Bremek. - - - 
Kyllinga alba Nees - - - 
Lablab purpureus (L.) Sweet subsp. uncinatus Verdc. - - - 
Lapeirousia sandersonii Baker - - - 
Leucas capensis (Benth.) Engl.       
Leucas sexdentata Skan - - - 
Limeum fenestratum (Fenzl) Heimerl    var. fenestratum - - - 
Lindbergia pseudoleskeoides Dixon - - - 
Lippia wilmsii H.Pearson - - - 
Lobelia angolensis Engl. & Diels - - - 
Loudetia flavida (Stapf) C.E.Hubb. - - - 
Ludwigia adscendens (L.) Hara subsp. diffusa (Forssk.) P.H.Raven - - - 
Maerua angolensis DC. subsp. angolensis - - - 
Marsdenia sylvestris (Retz.) P.I.Forst. = Gomphocarpus fruticosus. 
subsp. fruticosus - - - 

Melhania acuminata Mast.    var. acuminata - - - 
Melhania forbesii Planch. ex Mast. - - - 
Melinis repens (Willd.) Zizka subsp. grandiflora (Hochst.) Zizka - - - 
Mimusops zeyheri Sond. - - - 
Monechma divaricatum (Nees) C.B.Clarke - - - 
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Monsonia angustifolia E.Mey. ex A.Rich. - - - 
Neorautanenia amboensis Schinz - - - 
Nerine laticoma (Ker Gawl.) T.Durand & Schinz - - - 
Nesaea angustifolia A.Fern. & Diniz - - - 
Nesaea rigidula (Sond.) Koehne - - - 
Nidorella resedifolia DC. subsp. resedifolia - - - 
Nymphaea nouchali Burm.f.    var. caerulea (Savigny) Verdc. - - - 
Ornithogalum seineri (Engl. & K.Krause) Oberm. - - - 
Ornithogalum tenuifolium F.Delaroche subsp. aridum Oberm. - - - 
Ornithogalum tenuifolium F.Delaroche subsp. tenuifolium - - - 
Osyris lanceolata Hochst. & Steud. - - - 
Otoptera burchellii DC. - - - 
Oxygonum sinuatum (Hochst. & Steud. ex Meisn.) Dammer - - - 
Panicum maximum Jacq. - - - 
Panicum repens L. - - - 
Panicum schinzii Hack. - - - 
Pavonia clathrata Mast. - - - 
Pelargonium sp. - - - 
Pentanisia angustifolia (Hochst.) Hochst. - - - 
Pergularia daemia (Forssk.) Chiov.    var. daemia - - - 
Persicaria attenuata (R.Br.) Soják subsp. africana K.L.Wilson - - - 
Persicaria limbata (Meisn.) H.Hara - - - 
Phaeoptilum spinosum Radlk. - - - 
Phyla nodiflora (L.) Greene    var. nodiflora - - - 
Phyllanthus angolensis Müll.Arg. - - - 
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Piriqueta capensis (Harv.) Urb. - - - 
Pogonarthria squarrosa (Roem. & Schult.) Pilg. - - - 
Polygonum plebeium R.Br.   - - 
Pouzolzia mixta Solms - - - 
Priva africana Moldenke - - - 
Protasparagus aggregatus Oberm. - - - 
Pseudognaphalium luteo-album (L.) Hilliard & B.L.Burtt - - - 
Pseudoleskea leskeoides (Paris) Müll.Hal. - - - 
Pseudoleskea sp. - - - 
Pterodiscus ngamicus N.E.Br. ex Stapf Least Concern  - - 
Ptycholobium contortum (N.E.Br.) Brummitt - - - 
Pycreus pelophilus (Ridl.) C.B.Clarke - - - 
Pycreus polystachyos (Rottb.) P.Beauv.    var. polystachyos - - - 
Requienia pseudosphaerosperma (Schinz) Brummitt Least Concern - - 
Rhus rigida Mill. var. margaretae Burtt Davy ex Moffett - - - 
Rhynchosia spectabilis Schinz - - - 
Rhynchosia totta (Thunb.) DC. var. totta - - - 
Rubia horrida (Thunb.) Puff - - - 
Ruellia patula Jacq. - - - 
Sarcostemma viminale (L.) R.Br. subsp. viminale - - - 
Schinziophyton rautanenii (Schinz) Radcl.-Sm. - - - 
Schmidtia pappophoroides Steud. - - - 
Sclerocarya birrea - Protected - 
Secamone parvifolia (Oliv.) Bullock - - - 
Selago lacunosa Klotzsch - - - 
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Selago welwitschii Rolfe    var. australis Hilliard - - - 
Sida chrysantha Ulbr. - - - 
Solanum coccineum Jacq. - - - 
Solanum incanum L. - - - 
Solanum panduriforme E.Mey. ex Dunal - - - 
Solanum tomentosum L.    var. tomentosum - - - 
Sphedamnocarpus pruriens (A.Juss.) Szyszyl. subsp. pruriens - - - 
Spirostachys africana Sond. - Protected Protected 
Striga bilabiata (Thunb.) Kuntze subsp. bilabiata - - - 
Striga elegans Benth. - - - 
Stylochaeton natalensis Schott - - - 
Syzygium cordatum Hochst. ex C.Krauss subsp. cordatum - - - 
Talinum arnotii Hook.f. - - - 
Talinum crispatulum Dinter - - - 
Tarchonanthus camphoratus L. - - - 
Tephrosia purpurea (L.) Pers. subsp. leptostachya (DC.) Brummitt var. 
leptostachya - - - 

Tephrosia zoutpansbergensis Bremek. - - - 
Terminalia sericea Burch. ex DC. - - - 
Thesium resedoides A.W.Hill - - - 
Tragia dioica Sond. - - - 
Tragus berteronianus Schult. - - - 
Tribulus terrestris L. - - - 
Tribulus zeyheri Sond. subsp. zeyheri - - - 
Triumfetta pilosa Roth    var. effusa (E.Mey. ex Harv.) Wild - - - 
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Trochomeria macrocarpa (Sond.) Hook.f. subsp. macrocarpa - - - 
Turraea obtusifolia Hochst. - - - 
Urochloa brachyura (Hack.) Stapf - - - 
Vahlia capensis (L.f.) Thunb. subsp. vulgaris Bridson var. linearis 
E.Mey. ex Bridson - - - 

Vangueria infausta Burch. subsp. infausta - - - 
*Verbena officinalis L. - - - 
*Verbesina encelioides (Cav.) Benth. & Hook.    var. encelioides - - - 
Vernonia oligocephala (DC.) Sch.Bip. ex Walp. - - - 
Vernonia sutherlandii Harv. Endemic to Southern Africa - - 
Vigna unguiculata (L.) Walp. subsp. dekindtiana (Harms) Verdc. var. 
dekindtiana - - - 

Vigna unguiculata (L.) Walp. subsp. protracta (E.Mey.) B.J.Pienaar - - - 
Viscum tuberculatum A.Rich. - - - 
Vitex rehmannii Gürke Endemic to South Africa - - 
Wahlenbergia undulata (L.f.) A.DC. - - - 
Waltheria indica L. - - - 
Xanthocercis zambesiaca (Baker) Dumaz-le-Grand - - - 
Xyris capensis Thunb. - - - 
Zehneria marlothii (Cogn.) R.& A.Fern. - - - 
Ziziphus mucronata Willd. subsp. mucronata - - - 
Zornia linearis E.Mey. - - - 
Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, Exxaro Resources Limited 
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List of mammal species that may potentially occur in the study 
area 
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Cloeotis percivali Short-eared Trident Bat Critically Endangered - - 
Damaliscus lunatus lunatus Tsessebe Endangered Endangered Protected 
Lycaon pictus African Wild Dog Endangered - - 
Poecilogale albinucha African Weasel  Data deficient - - 
Crocidura cyanea Reddish-grey Musk Shrew Data deficient - - 
Crocidura hirta Lesser Red Musk Shrew Data deficient - - 
Crocidura mariquensis Swamp Musk Shrew Data deficient - - 
Elephantulus brachyrhynchus Short-snouted Elephant-shrew Data Deficient - - 
Elephantulus intufi Bushveld Elephant-shrew Data Deficient - - 
Lemniscomys rosalia Single-striped Mouse Data deficient - - 
Tatera leucogaster Bushveld Gerbil Data deficient - - 
Graphiurus platyops Rock Dormouse Data deficient - - 
Hippotragus equinus Roan Antelope Vulnerable Vulnerable Specially protected 
Hippotragus niger niger Sable Antelope Vulnerable - Protected 
Diceros bicornis minor Black Rhinoceros Vulnerable - Protected 
Acinonyx  jubatus Cheetah Vulnerable Vulnerable Protected 
Panthera  leo  Lion Vulnerable Vulnerable Protected 
Rhinolophus blasii Peak-saddle Horseshoe bat Vulnerable - - 
Manis temminckii Pangolin Vulnerable Vulnerable Specially protected 
Leptailurus serval Serval Near Threatened Protected Protected 
Hyaena  brunnea Brown Hyaena  Near Threatened Protected Protected 
Crocuta crocuta Spotted Hyaena Near Threatened Protected Protected 
Mellivora  capensis Honey Badger  Near Threatened Protected Protected 
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Rhinolophus clivosus Geoffroy's Horseshoe Bat Near Threatened - - 
Rhinolophus darlingi Darling's Horseshoe Bat Near Threatened - - 
Rhinolophus hildebrandtii Hildebrandt's Horseshoe Bat Near Threatened - - 
Miniopterus schreibersii Schreiber's Long-fingered Bat Near Threatened - - 
Myotis tricolor Temminck's Hairy Bat Near Threatened - - 
Myotis welwitschii Welwitsch's Hairy Bat Near Threatened - - 
Pipistrellus rusticus Rusty Bat Near Threatened - - 
Atelerixs frontalis South African Hedgehog  Near Threatened Protected Protected 
Dasymys incomtus Water Rat Near Threatened - - 
Raphicerus campestris Steenbok Least concern - Protected 
Sylvicapra grimmia Grey /Common Duiker Least concern - - 
Pelea capreolus Grey Rhebok Least concern - Protected 
Aepyceros melampus Impala Least concern - - 
Alcelaphus buselaphus Red Hartebeest Least concern - - 
Connochaetes gnou Black Wildebeest Least concern - - 
Connochaetes taurinus taurinus Blue Wildebeest Least concern - - 
Kobus ellipsiprymnus ellipsiprymnus Waterbuck Least concern - - 
Oreotragus oreotragus Klipspringer Least concern - Protected 
Redunca arundinum Reedbuck Least concern Protected Protected 
Redunca fulvorufula Mountain Reedbuck Least concern - Protected 
Syncerus caffer Cape Buffalo Least concern - Protected 
Taurotragus oryx Eland Least concern - - 
Tragelaphus angasii Nyala Least concern - - 
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Tragelaphus scriptus Bushbuck Least concern - - 
Tragelaphus strepsiceros Kudu Least concern - - 
Equus burchellii Plains Zebra Least concern - - 
Giraffa camelopardalis Giraffe Least concern - Protected 
Hippopotamus amphibius Hippopotamus Least concern - Protected 
Ceratotherium simum White Rhinoceros Least concern Protected Specially protected 
Phacochoerus africanus Warthog Least concern - - 
Potamochoerus porcus koiropotamus Bushpig Least concern - - 
Canis   mesomelas Black-backed Jackal Least concern - - 
Otocyo megalotis Bat-eared Fox Least concern - Protected 
Caracal caracal Caracal Least concern - - 
Felis  silvestris African Wild Cat Least concern - - 
Panthera pardus Leopard Least concern Protected Protected 
Atilax paludinosus Water Mongoose Least concern - - 
Galerella sanguinea Slender Mongoose Least concern - - 
Helogale parvula Dwarf Mongoose Least concern - - 
Mungos mungo Banded Mongoose Least concern - - 
Proteles cristatus Aardwolf  Least concern - Protected 
Aonyx capensis Cape Clawless Otter Least concern Protected Protected 
Ictonyx striatus Striped Polecat Least concern - - 
Civettictis civetta African Civet Least concern - Protected 
Genetta genetta Small-spotted Genet Least concern - - 
Genetta tigrina Large-spotted Genet Least concern - - 
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Taphozous mauritianus Mauritian Tomb Bat Least concern - - 
Tadarida aegyptiaca Egyptian Free-tailed Bat Least concern - - 
Nycteris thebaica Egyptian Slit-faced Bat Least concern - - 
Rhinolophus simulator Bushveld Horseshoe Bat Least concern - - 
Neoromicia capensis Cape Serotine Bat Least concern - - 
Neoromicia zuluensis Aloe Bat Least concern - - 
Pipistrellus hesperidus African Pipistrelle Least concern - - 
Scotophilus dinganii Yellow House Bat Least concern - - 
Procavia capensis Rock Hyrax/Dassie Least concern - - 
Lepus capensis Cape/desert Hare Least concern - - 
Lepus saxatilis Scrub/Savannah Hare* Least concern - - 
Pronolagus randensis Jameson's Red Rock Rabbit Least concern - Protected 
Elephantulus myurus Rock Elephant Shrew Least concern - - 
Cercopithecus aethiops pygerythrus Vervet Monkey Least concern - - 
Papio ursinus Chacma Baboon Least concern - - 
Galago moholi Southern Lesser Galago Least concern - - 
Cryptomys hottentotus Common Mole-rat Least concern - - 
Hystrix africeaustralis Porcupine Least concern - - 
Acomys subspinosus Cape Spiny mouse Least concern - - 
Aethomys ineptus Tete Veld Rat Least concern - - 
Aethomys namaquensis Namaqua Rock Mouse Least concern - - 
Dendromus melanotis Grey Climbing mouse Least concern - - 
Dendromus mystacalis Chestnut Climbing Mouse Least concern - - 
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Mastomys coucha Multimammate Mouse Least concern - - 
Mus  minutoides Pygmy mouse Least concern - - 
Otomys angoniensis Angoni Vlei Rat Least concern - - 
Otomys irroratus Vlei Rat least concern - - 
Rhabdomys pumilio Striped Mouse Least concern - - 
Saccostomus campestris Pouched mouse Least concern - - 
Steatomys pratensis Fat Mouse Least concern - - 
Thallomys paedulcus Tree Rat Least concern - - 
Graphiurus murinus Woodland Dormouse Least concern - - 
Pedetes capensis Springhare Least concern - - 
Paraxerus cepapi Tree Squirrel Least concern - - 
Thryonomys  swinderianus Greater Cane Rat Least concern - - 
Orycteropus afer Aardvark/Ant bear Least concern - Specially protected 

Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, Exxaro Resources Limited 
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Rhinotyphlops lalandei Delalande's Blind Snake - - 
Leptotyphlops scutifrons Peter's Thread Snake - - 
Python natalensis Southern African Python Vulnerable Protected 
Lamprophis capensis Southern Brown House Snake - - 
Lycophidion capense Cape Wolf Snake - - 
Mehelya capensis Cape File Snake - - 
Pseudaspis cana Mole Snake - - 
Prosymna bivittata Two-striped Shovel-snout - - 
Psammophis brevirostris Short-Snouted Grass Snake - - 
Psammophis subtaeniatus Stripe-Bellied Sand Snake - - 
Psammophis leightoni Namib Sand Snake - - 
Xenocalamis bicolor Bicoloured Quill-Snouted Snake - - 
Aparallactus capensis Cape Centipede Eater - - 
Amblyodipsas polylepis Common Purple-Glossed Snake - - 
Dasypeltis scabra Common Egg Eater - - 
Telescopus semiannulatus Eastern Tiger Snake - - 
Philothamnus semivariegatus Spotted Bush Snake - - 
Dispholidus typus Boomslang - - 
Thelotornis capensis Twig Snake - - 
Aspidelaps scutatus Sheild-Nose Snake - - 
Elapsoidae boulengeri Boulenger's Garter Snake - - 
Naja mossambica Mozambique Spitting Cobra - - 
Naja annulifera Snouted Cobra - - 
Dendroaspis polylepis Black Mamba - - 
Bitis arietans Puff Adder - - 
Mabuya capensis Cape Skink - - 
Mabuya varia Variable Skink - - 
Mabuya striata complex Striped Skink - - 
Heliobolus lugubris Bushveld Lizard - - 
Nucrus intertexta Spotted Sandveld Lizard - - 
Pedioplanis lineoocellata Spotted Sand Lizard - - 
Gerrhosaurus flavigularis Yellow-Throated Plated Lizard - - 
Cordylus tropidosternum Tropical Girdled Lizard - - 
Varanus niloticus Water Monitor - - 
Varanus albigularis Rock Monitor - - 
Agama aculeata Ground Agama - - 
Chamaeleo dilepsis Flap-Necked Chameleon - - 
Hemidactylus mabouia Tropical House Gecko - - 
Lygodactylus capensis Cape Dwarf Day Gecko - - 
Homopholus wahlbergii Wahlberg's Velvet Gecko - - 
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Pachydactylus turneri Turner's Thick-Toed Gecko - - 

Zygaspis quadrifrons Kalahari Round-Headed Worm 
Lizard - - 

Monopeltis capensis Cape Spade-Snouted Worm Lizard - - 
Crocodylus niloticus Nile Crocodile Vulnerable - 
Pelusios sinuatus Serrated Hinged Terrapin - - 
Pelomedusa subrufa Marsh Terrapin - - 
Geochelone pardalis Leopard Tortoise - - 
Psammobates oculiferus Kalahari Tent Tortoise - - 
Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, 
Exxaro Resources Limited 
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List of amphibian species that may occur in the study area 
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Bufo fenoulheti Northern Pygmy Toad - - - 
Bufo maculatus Flat-Backed Toad - - - 
Bufo poweri Western Olive Toad - - - 
Schisaderma carens Red Toad - - - 
Kassinam senegalensis Bubbling Kassina - - - 
Breviceps adspersus Bushveld Rain Frog - - - 
Phrynomantis bifasciatus Banded Rubber Frog - - - 
Xenopus laevis Common Platanna - - - 
Cacosternum boettgeri Common Caco - - - 
Chiromantis xerampelina Foam Nest Frog - - - 
Hildebrandtia ornata  Ornate Frog - - - 
Phrynobatrachus natalensis Snoring Puddle Frog - - - 
Ptychadena anchietae Plain Grass Frog - - - 
Ptychadena mossambica Broad-Banded Grass Frog - - - 
Pyxicephalus adspersus Giant Bullfrog Near-threatened Protected Protected 
Tomopterna cryptotis Tremolo Sand Frog - - - 
Pyxicephalus edulis African Bullfrog - - - 
Tomopterna krugerensis Knocking Sand Frog - - - 
Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, 
Exxaro Resources Limited  
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List of bird species that may potentially occur in the study area 
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Struthio camelus* Ostrich - - 
Tachybaptus ruficollis Dabchick - - 
Pelecanus rufescens Pinkbacked Pelican Vulnerable Endangered 
Phalacrocorax lucidus Whitebreasted Cormorant - - 
Phalacrocorax africanus Reed Cormorant - - 
Anhinga rufa Darter - - 
Ardea cinerea Grey Heron - - 
Ardea melanocephala Blackheaded Heron - - 
Ardea goliath Goliath Heron - - 
Ardea purpurea Purple Heron - - 
Egretta alba Great White Egret - - 
Egretta garzetta Little Egret - - 
Egretta intermedia Yellowbilled Egret - - 
Egretta ardesiaca Black Egret - - 
Bubulcus ibis Cattle Egret - - 
Ardeola ralloides Squacco Heron - - 
Butorides striatus Greenbacked Heron - - 
Nycticorax nycticorax Blackcrowned Night Heron - - 
Gorsachius leuconotus Whitebacked Night Heron Vulnerable  
Ixobrychus minutus Little Bittern - - 
Ixobrychus sturmii Dwarf Bittern - - 
Scopus umbretta Hamerkop - - 
Ciconia ciconia White Stork - - 
Ciconia nigra Black Stork Near threatened Vulnerable 
Ciconia abdimii Abdim's Stork - - 
Ephippiorhynchus 
senegalensisǂ 

Saddlebilled Stork Endangered 
Endangered 

Leptoptilos crumeniferus Marabou Stork Near threatened - 
Mycteria ibis Yellowbilled Stork Near threatened - 
Threskiornis aethiopicus Sacred Ibis - - 
Plegadis falcinellus Glossy Ibis - - 
Bostrychia hagedash Hadeda Ibis - - 
Platalea alba African Spoonbill - - 
Phoenicopterus ruber Greater Flamingo Near threatened - 
Phoenicopterus minor Lesser Flamingo Near threatened - 
Dendrocygna viduata Whitefaced Duck - - 
Dendrocygna bicolor Fulvous Duck - - 
Thalassornis leuconotus Whitebacked Duck - - 
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Alopochen aegyptiacus Egyptian Goose - - 
Anas undulata Yellowbilled Duck - - 
Anas sparsa African Black Duck - - 
Anas capensis Cape Teal - - 
Anas hottentota Hottentot Teal - - 
Anas erythrorhyncha Redbilled Teal - - 
Anas smithii Cape Shoveller - - 
Netta erythrophthalma Southern Pochard - - 
Sarkidiornis melanotos Knobbilled Duck - - 
Plectropterus gambensis Spurwinged Goose - - 
Oxyura maccoa Maccoa Duck - - 
Sagittarius serpentarius Secretarybird Near threatened - 

Gyps coprotheresǂ Cape Vulture Vulnerable - 

Gyps africanus Whitebacked Vulture Vulnerable - 
Torgos tracheliotus Lappetfaced Vulture - - 
Trigonoceps occipitalis Whiteheaded Vulture - - 
Milvus migrans Black Kite - - 
Milvus aegyptius Yellowbilled Kite - - 
Elanus caeruleus Blackshouldered Kite - - 
Pernis apivorus Honey Buzzard - - 
Aquila verreauxii Black Eagle - - 
Aquila rapax Tawny Eagle Vulnerable - 
Aquila nipalensis Steppe Eagle - - 
Aquila pomarina Lesser Spotted Eagle - - 
Aquila wahlbergi Wahlberg's Eagle - - 
Hieraaetus pennatus Booted Eagle - - 
Hieraaetus spilogaster African Hawk Eagle - - 
Hieraaetus ayresii Ayres' Eagle - - 

Polemaetus bellicosusǂ Martial Eagle Vulnerable - 

Circaetus cinereus Brown Snake Eagle - - 
Circaetus pectoralis Blackbreasted Snake Eagle - - 

Terathopius ecaudatusǂ Bateleur Vulnerable - 

Haliaeetus vocifer African Fish Eagle - - 
Buteo vulpinus Steppe Buzzard -  
Buteo rufofuscus Jackal Buzzard -  
Kaupifalco monogrammicus Lizard Buzzard -  
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Accipiter ovampensis Ovambo Sparrowhawk -  
Accipiter minullus Little Sparrowhawk -  
Accipiter melanoleucus Black Sparrowhawk -  
Accipiter badius Little Banded Goshawk -  
Accipiter tachiro African Goshawk - - 
Melierax gabar Gabar Goshawk - - 
Melierax canorus Pale Chanting Goshawk - - 
Circus aeruginosus Eurasian Marsh Harrier - - 
Circus pygargus Montagu's Harrier - - 
Circus macrourus Pallid Harrier - - 
Polyboroides typus Gymnogene - - 
Pandion haliaetus Osprey - - 

Falco peregrinusǂ Peregrine Falcon Near threatened Vulnerable 

Falco biarmicus Lanner Falcon Near threatened - 
Falco subbuteo Northern Hobby Falcon - - 
Falco vespertinus Western Redfooted Kestrel - - 
Falco amurensis Eastern Redfooted Kestrel - - 
Falco rupicolis Rock Kestrel - - 
Falco rupicoloides Greater Kestrel - - 
Falco naumanni Lesser Kestrel Vulnerable - 
Peliperdix coqui Coqui Francolin - - 
Dendroperdix sephaena Crested Francolin - - 
Pternistis natalensis Natal Francolin - - 
Pternistis swainsonii Swainson's Francolin - - 
Coturnix coturnix Common Quail - - 
Coturnix delegorguei Harlequin Quail - - 
Numida meleagris Helmeted Guineafowl - - 
Turnix sylvatica Kurrichane Buttonquail - - 
Crecopsis egregia African Crake - - 
Amaurornis flavirostris Black Crake - - 
Porzana porzana Spotted Crake - - 
Gallinula chloropus Common Moorhen - - 
Gallinula angulata Lesser Moorhen - - 
Fulica cristata Redknobbed Coot - - 
Podica senegalensis African Finfoot Vulnerable - 

Ardeotis koriǂ Kori Bustard Vulnerable Vulnerable 

Eupodotis ruficrista Redcrested Korhaan - - 
Eupodotis afraoides Whitewinged Korhaan  - - 
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Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Actophilornis africanus African Jacana - - 
Rostratula benghalensis Painted Snipe Near threatened - 
Charadrius hiaticula Ringed Plover - - 
Charadrius pecuarius Kittlitz's Plover - - 
Charadrius tricollaris Threebanded Plover - - 
Charadrius asiaticus Caspian Plover - - 
Vanellus coronatus Crowned Plover - - 
Vanellus armatus Blacksmith Plover - - 
Vanellus albiceps Whitecrowned Plover Near threatened  
Vanellus senegallus Wattled Plover - - 
Arenaria interpres Ruddy Turnstone - - 
Actitis hypoleucos Common Sandpiper - - 
Tringa ochropus Green Sandpiper - - 
Tringa glareola Wood Sandpiper - - 
Tringa stagnatilis Marsh Sandpiper - - 
Tringa nebularia Greenshank - - 
Calidris ferruginea Curlew Sandpiper - - 
Calidris minuta Little Stint - - 
Calidris alba Sanderling - - 
Philomachus pugnax Ruff - - 
Gallinago nigripennis Ethiopian Snipe - - 
Numenius phaeopus Whimbrel - - 
Recurvirostra avosetta Pied Avocet - - 
Himantopus himantopus Blackwinged Stilt - - 
Burhinus capensis Spotted Dikkop - - 
Burhinus vermiculatus Water Dikkop - - 
Cursorius temminckii Temminck's Courser - - 
Rhinoptilus cinctus Threebanded Courser - - 
Rhinoptilus chalcopterus Bronzewinged Courser - - 
Glareola nordmanni Blackwinged Pratincole - - 
Larus cirrocephalus Greyheaded Gull - - 
Chlidonias hybridus Whiskered Tern - - 
Chlidonias leucopterus Whitewinged Tern - - 
Pterocles burchelli Burchell's Sandgrouse - - 
Pterocles bicinctus Doublebanded Sandgrouse - - 
Columba livia Feral Pigeon - - 
Columba guinea Rock Pigeon - - 
Streptopelia semitorquata* Redeyed Dove - - 
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Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Streptopelia capicola* Cape Turtle Dove - - 
Streptopelia senegalensis Laughing Dove - - 
Oena capensis Namaqua Dove - - 
Turtur chalcospilos Greenspotted Dove - - 
Treron calva African Green Pigeon - - 
Poicephalus meyeri Meyer's Parrot - - 
Corythaixoides concolor Grey Lourie - - 
Cuculus canorus Eurasian Cuckoo - - 
Cuculus gularis African Cuckoo - - 
Cuculus solitarius Redchested Cuckoo - - 
Cuculus clamosus Black Cuckoo - - 
Clamator glandarius Great Spotted Cuckoo - - 
Clamator levaillantii Striped Cuckoo - - 
Clamator jacobinus Jacobin Cuckoo - - 
Chrysococcyx klaas Klaas's Cuckoo - - 
Chrysococcyx caprius Diederik Cuckoo - - 
Centropus burchellii Burchell's Coucal - - 
Tyto alba Barn Owl - - 
Asio capensis Marsh Owl - - 
Otus senegalensis African Scops Owl - - 
Ptilopsus granti Whitefaced Owl - - 
Glaucidium perlatum Pearlspotted Owl - - 
Bubo africanus Spotted Eagle Owl - - 
Bubo lacteus Giant Eagle Owl - - 
Caprimulgus europaeus Eurasian Nightjar - - 
Caprimulgus pectoralis Fierynecked Nightjar - - 
Caprimulgus rufigena Rufouscheeked Nightjar - - 
Caprimulgus tristigma Freckled Nightjar - - 
Apus apus Eurasian Swift - - 
Apus barbatus Black Swift - - 
Apus caffer Whiterumped Swift - - 
Apus horus Horus Swift - - 
Apus affinis Little Swift - - 
Tachymarptis melba Alpine Swift - - 
Cypsiurus parvus Palm Swift - - 
Colius striatus Speckled Mousebird - - 
Colius colius Whitebacked Mousebird - - 
Urocolius indicus Redfaced Mousebird - - 



 
SENSITIVITY ANALYSIS 

 

September 2011 
Report No. 10613294-10951-1 8 

 

Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Ceryle rudis Pied Kingfisher - - 
Megaceryle maxima Giant Kingfisher - - 
Alcedo semitorquata Halfcollared Kingfisher Near threatened - 
Alcedo cristata Malachite Kingfisher - - 
Ispidina picta Pygmy Kingfisher - - 
Halcyon senegalensis Woodland Kingfisher - - 
Halcyon albiventris Brownhooded Kingfisher - - 
Halcyon leucocephala Greyhooded Kingfisher - - 
Halcyon chelicuti Striped Kingfisher - - 
Merops apiaster Eurasian Bee-eater - - 
Merops persicus Bluecheeked Bee-eater - - 
Merops nubicoides Carmine Bee-eater - - 
Merops bullockoides Whitefronted Bee-eater - - 
Merops pusillus Little Bee-eater - - 
Merops hirundineus Swallowtailed Bee-eater - - 
Coracias garrulus Eurasian Roller - - 
Coracias caudata Lilacbreasted Roller - - 
Coracias naevia Purple Roller - - 
Eurystomus glaucurus Broadbilled Roller - - 
Upupa africana African Hoopoe - - 
Phoeniculus purpureus Redbilled Woodhoopoe - - 
Rhinopomastus cyanomelas Scimitarbilled Woodhoopoe - - 
Tockus nasutus Grey Hornbill - - 
Tockus erythrorhynchus Redbilled Hornbill - - 
Tockus leucomelas Southern Yellowbilled Hornbill - - 

Bucorvus leadbeateriǂ Southern Ground Hornbill Vulnerable Protected 

Lybius torquatus Blackcollared Barbet - - 
Tricholaema leucomelas Pied Barbet - - 
Pogoniulus chrysoconus Yellowfronted Tinker Barbet - - 
Trachyphonus vaillantii Crested Barbet - - 
Indicator indicator Greater Honeyguide - - 
Indicator minor Lesser Honeyguide - - 
Prodotiscus regulus Sharpbilled Honeyguide - - 
Campethera bennettii Bennett's Woodpecker - - 
Campethera abingoni Goldentailed Woodpecker - - 
Dendropicos fuscescens Cardinal Woodpecker - - 
Dendropicos namaquus Bearded Woodpecker - - 
Jynx ruficollis Redthroated Wryneck - - 
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Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Mirafra passerina Monotonous Lark - - 
Mirafra africana Rufousnaped Lark - - 
Calendulauda africanoides Fawncoloured Lark - - 
Calendulauda sabota Sabota Lark - - 
Pinarocorys nigricans Dusky Lark - - 
Calandrella cinerea Redcapped Lark - - 
Spizocorys conirostris Pinkbilled Lark - - 
Eremopterix leucotis Chestnutbacked Finchlark - - 
Eremopterix verticalis Greybacked Finchlark - - 
Hirundo rustica Eurasian Swallow - - 
Hirundo albigularis Whitethroated Swallow - - 
Hirundo dimidiata Pearlbreasted Swallow - - 
Hirundo semirufa Redbreasted Swallow - - 
Hirundo cucullata Greater Striped Swallow - - 
Hirundo abyssinica Lesser Striped Swallow - - 
Hirundo spilodera South African Cliff Swallow - - 
Hirundo fuligula Rock Martin - - 
Delichon urbica House Martin - - 
Riparia riparia Sand Martin - - 
Riparia paludicola Brownthroated Martin - - 
Riparia cincta Banded Martin - - 
Campephaga flava Black Cuckooshrike - - 
Dicrurus adsimilis Forktailed Drongo - - 
Oriolus oriolus Eurasian Golden Oriole - - 
Oriolus larvatus Blackheaded Oriole - - 
Corvus albus* Pied Crow - - 
Parus cinerascens Ashy Tit - - 
Parus niger Southern Black Tit - - 
Anthoscopus minutus Cape Penduline Tit - - 
Anthoscopus caroli Grey Penduline Tit - - 
Turdoides jardineii Arrowmarked Babbler - - 
Turdoides bicolor Pied Babbler - - 
Pycnonotus nigricans Redeyed Bulbul - - 
Pycnonotus tricolor* Blackeyed Bulbul - - 
Phyllastrephus terrestris Terrestrial Bulbul - - 
Chlorocichla flaviventris Yellowbellied Bulbul - - 
Turdus libonyanus Kurrichane Thrush - - 
Psophocichla litsipsirupa Groundscraper Thrush - - 
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(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Oenanthe monticola Mountain Chat - - 
Oenanthe pileata Capped Wheatear - - 
Cercomela familiaris Familiar Chat - - 
Thamnolaea 
cinnamomeiventris Mocking Chat - - 

Myrmecocichla formicivora Anteating Chat - - 
Saxicola torquata Stonechat - - 
Cossypha caffra Cape Robin - - 
Cossypha humeralis Whitethroated Robin - - 
Cercotrichas leucophrys Whitebrowed Robin - - 
Cercotrichas paena Kalahari Robin - - 
Sylvia borin Garden Warbler - - 
Sylvia communis Whitethroat - - 
Parisoma subcaeruleum Titbabbler - - 
Hippolais icterina Icterine Warbler - - 
Hippolais olivetorum Olivetree Warbler - - 
Acrocephalus arundinaceus Great Reed Warbler - - 
Acrocephalus baeticatus African Marsh Warbler - - 
Acrocephalus palustris Eurasian Marsh Warbler - - 
Acrocephalus schoenobaenus Eurasian Sedge Warbler - - 
Acrocephalus gracilirostris Cape Reed Warbler - - 
Bradypterus baboecala African Sedge Warbler - - 
Phylloscopus trochilus Willow Warbler - - 
Apalis thoracica Barthroated Apalis - - 
Sylvietta rufescens Longbilled Crombec - - 
Eremomela icteropygialis Yellowbellied Eremomela - - 
Eremomela usticollis Burntnecked Eremomela - - 
Camaroptera brevicaudata Greybacked BleatingWarbler  - - 
Calamonastes fasciolatus Desert Barred Warbler - - 
Cisticola juncidis Fantailed Cisticola - - 
Cisticola aridulus Desert Cisticola - - 
Cisticola rufilatus Tinkling Cisticola - - 
Cisticola chinianus Rattling Cisticola - - 
Cisticola erythrops Redfaced Cisticola - - 
Cisticola tinniens Levaillant's Cisticola - - 
Cisticola aberrans Lazy Cisticola - - 
Cisticola fulvicapillus Neddicky - - 
Prinia subflava Tawnyflanked Prinia - - 
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Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Prinia flavicans Blackchested Prinia - - 
Muscicapa striata Spotted Flycatcher - - 
Muscicapa caerulescens Bluegrey Flycatcher - - 
Myioparus plumbeus Fantailed Flycatcher - - 
Melaenornis pammelaina Black Flycatcher - - 
Bradornis mariquensis Marico Flycatcher - - 
Bradornis pallidus Pallid Flycatcher - - 
Sigelus silens Fiscal Flycatcher - - 
Batis molitor Chinspot Batis - - 
Stenostira scita Fairy Flycatcher - - 
Terpsiphone viridis Paradise Flycatcher - - 
Motacilla aguimp African Pied Wagtail - - 
Motacilla capensis Cape Wagtail - - 
Motacilla flava Yellow Wagtail - - 
Anthus cinnamomeus Grassveld Pipit - - 
Anthus similis Longbilled Pipit - - 
Anthus leucophrys Plainbacked Pipit - - 
Anthus vaalensis Buffy Pipit - - 
Anthus lineiventris Striped Pipit - - 
Anthus trivialis Tree Pipit - - 
Anthus caffer Bushveld Pipit - - 
Lanius minor Lesser Grey Shrike - - 
Lanius collaris Fiscal Shrike - - 
Lanius collurio Redbacked Shrike - - 
Corvinella melanoleuca Longtailed Shrike - - 
Laniarius ferrugineus Southern Boubou - - 
Laniarius aethiopicus Tropical Boubou - - 
Laniarius atrococcineus Crimsonbreasted Shrike - - 
Dryoscopus cubla Puffback - - 
Nilaus afer Brubru - - 
Tchagra australis Threestreaked Tchagra - - 
Tchagra senegala Blackcrowned Tchagra - - 
Telophorus sulfureopectus Orangebreasted Bush Shrike - - 
Malaconotus blanchoti Greyheaded Bush Shrike - - 
Prionops plumatus White Helmetshrike - - 
Eurocephalus anguitimens Whitecrowned Shrike - - 
Creatophora cinerea Wattled Starling - - 
Cinnyricinclus leucogaster Plumcoloured Starling - - 
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(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Lamprotornis australis Burchell's Starling - - 
Lamprotornis mevesii Longtailed Starling - - 
Lamprotornis nitens Glossy Starling - - 
Lamprotornis chalybaeus Greater Blue-eared Starling - - 
Onychognathus morio* Redwinged Starling - - 
Buphagus erythrorhynchus Redbilled Oxpecker - - 
Cinnyris mariquensis Marico Sunbird - - 
Cinnyris talatala Whitebellied Sunbird - - 
Chalcomitra amethystina Black Sunbird - - 
Zosterops virens Cape White-eye - - 
Bubalornis niger Redbilled Buffalo Weaver - - 
Plocepasser mahali Whitebrowed Sparrowweaver - - 
Passer domesticus House Sparrow - - 
Passer motitensis Great Sparrow - - 
Passer melanurus* Cape Sparrow - - 
Passer diffusus Southern Greyheaded Sparrow - - 
Petronia superciliaris Yellowthroated Sparrow - - 
Sporopipes squamifrons Scalyfeathered Finch - - 
Ploceus ocularis Spectacled Weaver - - 
Ploceus cucullatus* Spottedbacked Weaver - - 
Ploceus capensis* Cape Weaver - - 
Ploceus velatus* Masked Weaver - - 
Ploceus intermedius Lesser Masked Weaver - - 
Anaplectes rubriceps Redheaded Weaver - - 
Anomalospiza imberbis Cuckoofinch - - 
Quelea quelea* Redbilled Quelea - - 
Euplectes orix Red Bishop - - 
Euplectes afer Golden Bishop - - 
Euplectes albonotatus Whitewinged Widow - - 
Euplectes ardens Redcollared Widow - - 
Pytilia melba Melba Finch - - 
Lagonosticta rhodopareia Jameson's Firefinch - - 
Lagonosticta senegala Redbilled Firefinch - - 
Uraeginthus angolensis Blue Waxbill - - 
Granatina granatina Violeteared Waxbill - - 
Estrilda astrild Common Waxbill - - 
Estrilda erythronotos Blackcheeked Waxbill - - 
Ortygospiza atricollis Quail Finch - - 
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(2011) 

NEM:BA 
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Species List  
(2007) 

Amandava subflava Orangebreasted Waxbill - - 
Amadina fasciata Cutthroat Finch - - 
Amadina erythrocephala Redheaded Finch - - 
Lonchura cucullata Bronze Mannikin - - 
Vidua macroura Pintailed Whydah - - 
Vidua regia Shafttailed Whydah - - 
Vidua paradisaea Paradise Whydah - - 
Vidua funerea Black Widowfinch - - 
Vidua purpurascens Purple Widowfinch - - 
Vidua chalybeata Steelblue Widowfinch - - 
Serinus mozambicus Yelloweyed Canary - - 
Serinus atrogularis Blackthroated Canary - - 
Serinus flaviventris Yellow Canary - - 
Serinus gularis Streakyheaded Canary - - 
Emberiza flaviventris Goldenbreasted Bunting - - 
Emberiza capensis Cape Bunting - - 
Emberiza tahapisi Rock Bunting - - 
Emberiza impetuani Larklike Bunting - - 

 

ǂ - Specially protected species according to Schedule 2 of the Limpopo Environmental Management Act (No. 
7 of 2003) 

*- Species not protected according to Schedule 2 of the Limpopo Environmental Management Act (No. 7 of 
2003) 
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Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, 
Exxaro Resources Limited 
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1.0 INTRODUCTION 
Golder Associates (Golder) was appointed by Exxaro Coal (Pty) Ltd (Exxaro) to conduct an ecological 
sensitivity analysis of the site of the proposed entrance road expansion and new entrance gate construction 
at Grootegeluk Mine near Lephalale, in the Limpopo Province. This study comprised a desktop review and 
brief field survey of the study area, focusing on the identification of possible sensitive habitats, and Red Data 
and protected species. The field survey was conducted on the 15th December 2011. This document presents 
the findings of the study. 

2.0 SITE LOCATION AND PROJECT BACKGROUND 
Grootegeluk Mine is situated approximately 18km west-north-west of Lephalale (formerly Ellisras), in the 
Limpopo Province. The site of the proposed road expansion and entrance gate development, hereafter 
referred to as the study area, is located within the current Grootegeluk Mine lease area adjacent to the 
existing entrance gate complex.  

The existing entrance gate complex was originally designed to accommodate traffic for beneficiation plants 
GG1 and GG2. With the subsequent expansion of mining activities to include four more beneficiation plants 
(known as GG3, 4, 5 & 6) as well as various additional expansion projects proposed for the future, it has 
became necessary to expand the entrance complex and associated infrastructure to accommodate the 
increase in traffic volume. The proposed development will include inter alia, additional parking and queuing 
areas, loading bays, weigh bridges, access roads and an entrance gate complex.  

3.0 OBJECTIVES 
The objectives of the sensitivity analysis are to: 

 Present a description of the study area’s existing flora and fauna characteristics; 

 Indentify any sites of concern, such natural wetlands and other sensitive or important habitats; 

 Determine what species of concern (Red Data and protected flora and fauna) potentially occur in the 
study area;  

 Broadly identify and assess potential impacts of the proposed project on flora and fauna; and 

 Provide management recommendations to mitigate identified negative impacts. 

4.0 SCOPE OF WORK 
The scope of work compromised three components, namely: 

 A desktop review of available literature to determine the broad floristic characteristics of the region and 
compile associated flora and fauna species lists. Specific focus was placed on possible Red Data and 
protected species according to the following frameworks: 

 Limpopo Environmental Management Act (No. 7 of 2003), Schedule 2 and 3; 

 National Forests Act (No. 84 of 1998), Listing No. 817, Schedule A; 

 International Union for the Conservation of Nature (IUCN) protected species lists (Status 
information sourced from IUCN (2011, internet), and SIBIS:SABIF(2009, internet); and 

 National Environmental Management: Biodiversity Act Threatened or Protected Species List 
(NEMBA TOPS List) (2007). 

 A brief field survey to identify general on-site flora and fauna, particularly the possible presence of Red 
Data and protected species, and to broadly describe the ecological functioning of the study area. Line 
and belt transects where used to identify on site flora, while the presence of fauna species was 
determined through direct visual observations and through recording of evidence such as spoor, 
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feeding signs, faeces and burrows. No formal fauna trapping or survey techniques were conducted 
(refer to APPENDIX A for methodology relating to the determination of ecological functioning); and  

 Conduct an impact assessment based on the nature of the study area and recommend suitable 
mitigation measures (refer to APPENDIX A for impact assessment methodology). 

4.1 Limitations and assumptions 
The flowing limitations and assumptions are applicable to this study: 

 Ecological studies are usually undertaken over a number of seasons in order to obtain long term 
ecological data. Studies are usually conducted in this way in order to eliminate the effects of unusual 
climatic conditions or other unusual conditions prevailing at the study area during the time of study. The 
results of this study are based on a literature review and one field survey of one day, conducted in the 
2011 wet season. This report thus comprises a broad-scale analysis of the study areas ecological 
characteristics;  

 The fact that a particular species or Red Data species is not recorded during the survey cannot support 
the assumption that the species in question does not occur in the study area, it can only indicate a 
decreased probability of the species occurring in the area. This is particularly pertinent if the species 
has been recently recorded in the area;   

 For the purpose of this survey only passive sampling of fauna was conducted;  

 The accuracy of GPS points taken in the field is within 15m. Lines drawn on maps can only be assumed 
to be accurate to within 200m; 

 The maps and drawings produced for the purposes of this report are to be used for the purposes of this 
report only and cannot be used for design purposes; and  

 Data and information obtained through official documents or websites, peer reviewed scientific articles 
and previous ecological studies are assumed to be correct.  

5.0 RESULTS 
5.1 Literature Review 
Grootegeluk Mine falls within the Limpopo Sweet Thornveld (SVcb19) vegetation type of the savanna biome 
(Mucina & Rutherford, 2006). The associated environmental characteristics of the savanna biome and the 
Limpopo Sweet Thornveld vegetation type are discussed below:  

5.1.1 Savanna Biome 
The savanna biome is the largest biome in South Africa, extending throughout the east and north-eastern 
areas of the country (Manning, 2009). Savannas are characterised by a dominant grass layer, over-topped 
by a discontinuous, but distinct woody plant layer. At a structural level Africa’s savannas can be broadly 
categorised as either fine-leafed (microphyllous) savannas or broad-leafed savannas. Fine-leafed savannas 
typically occur on nutrient rich soils and are dominated by microphyllous woody plants of the Mimosaceae 
family (Common genera include Acacia and Albizia) and a generally dense herbaceous layer (Scholes & 
Walker, 1993). These savannas support a high herbivore biomass of both grazers and browsers. 
Conversely, broad-leafed savannas occur on nutrient poor soils, are characterised by woody plants from the 
Combretaceae family (common genera include Combretum and Terminalia) and typically support a low 
herbivore biomass (Scholes & Walker, 1993). Areas of Limpopo Sweet Thornveld will comprise a mixture of 
both fine-leafed and broad-leafed savannas. Along with fire and a distinct seasonal climate, browsing and 
grazing by large herbivores are the dominant determinants of the composition, structure and functioning of 
savanna ecosystems (Scholes & Walker, 1993).  
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5.1.2 Limpopo Sweet Bushveld  
Limpopo Sweet Bushveld extends northwards from the lower reaches of the Crocodile and Marico Rivers to 
the Limpopo Valley and into Botswana. This vegetation type is dominated by elements of Low & Robelo’s 
(1996) Sweet Bushveld and Acocks (1953) Arid Sweet Bushveld (Mucina & Rutherford, 2006). The following 
notes summarise the features of this vegetation type: 

Vegetation and Landscape features 
Limpopo Sweet Bushveld is characterised by undulating or irregular plains dominated by open woodland. A 
number of tributaries of the Limpopo River traverse this vegetation type (Mucina & Rutherford, 2006).  

Geology and Soils 
In terms of geology the study area is underlain by the sandstone, siltstone and mudstone of the Clarens 
Formation and the Matlabas Subgroup (Mokolian Waterberg Group), while soils are mainly of the sandy 
Clovelly and Hutton types (Mucina & Rutherford, 2006).  

Climate 
As with all vegetation types in the savanna biome, areas of Limpopo Sweet Bushveld experience summer 
rainfall with dry, cold winters. Frost is uncommon with winter temperatures as low as 2.1oC being recorded in 
the region. Summer temperatures peak at 38oC. Mean annual precipitation for this vegetation type ranges 
from 350-500 mm (Mucina & Rutherford, 2006). 

Important Plant Taxa 
Based on Mucina & Rutherford’s (2006) vegetation classification, important plant taxa are those species that 
have a high abundance, a frequent occurrence (not being particularly abundant) or are prominent in the 
landscape within a particular vegetation type. They note the following species as important taxa in the 
Limpopo Sweet Bushveld vegetation type: 

Trees: Acacia burkei, A. nigrescens, A. robusta, A. erioloba, A. mellifera subsp. detinens, A. nilotica, A. 
tortilis subsp. heteracantha, A. fleckii, Albizia anthelmintica, Boscia albitrunca, Combretum apiculatum, C. 
hereroense, Commiphora pyracanthoides, C. africana, Dichrostachys cinerea, Peltophorum africanum and 
Terminalia sericea 

Shrubs: Ehretia rigida, Catophractes alexandri, Euclea undulata, Rhigozum obovatum, Cadaba aphylla, 
Grewia flava, Leucosphaera, Diospyros lycioides subsp. Lycioides and Grewia flava. 

Graminiodes: Digitaria eriantha, Enneapogon cenchroides, Eragrostis lehmanniana, E. pallens, E. rigidior, 
Panicum maximum, P. coloratum, Schmidtia pappophoroides, Aristida congesta, Cymbopogon verticillata, 
Ischaemum afrum, Stipagrostis uniplumis and Urochloa mossambicensis. 

Herbs: Acanthosicyos naudinianus, Commelina benghalensis, Harpagophytum procumbens subsp. 
Transvaalense, Hemizygia elliotii and Hermbstaedtia odorata.    

Endemic Taxon: The succulent herb Piaranthus atrosanguineus is endemic to this region. 

Conservation 
According to Mucina & Rutherford (2006) Limpopo Sweet Bushveld is classified as Least Threatened. 
Although the target for conservation is 19%, only 14%of this vegetation type is currently under statutory 
conservation in reserves such as D’Nyala Game Reserve. Cultivation has resulted in the transformation of 
approximately 5% of Limpopo Sweet Bushveld. Incidences of erosion vary from low to high (Mucina & 
Rutherford, 2006). 

5.2 Field Assessment 
5.2.1 Existing ecological characteristics 
The study area is located within the Grootegeluk Mine lease area and is surrounded by various mining 
activities and infrastructure (see Figure 1). The site is fragmented and isolated from surrounding natural 



 
SENSITIVITY ANALYSIS 

 

January 2012 
Report No. 11613540-11192-1 4 

 

habitat, and has been disturbed by historic and current mine operations. The existing ecological attributes of 
the study area are discussed below: 

Flora component  
The study area consists of savanna type vegetation typical of the Sweet Mixed Bushveld.  The most 
common woody species are the fine-leafed Acacia nigrescens and Dichrostachys cinerea. Other woody 
species recorded during the survey include inter alia, Acacia tortilis, Acacia mellifera, Acacia galpinii, 
Combretum apiculatum, Combretum imberbe, Combretum hereroense, Sclerocarya birrea, Boscia foetida 
subsp. rehmanniana, Rhigozum brevispinosum, Commiphora pyracanthoides, Commiphora schimperi and 
various Grewia species. Two protected tree species namely Combretum imberbe and Sclerocarya birrea 
(refer to Section 5.2.2) were recorded in the study area.  

The herbaceous layer consists of grasses, most commonly Panicum maximum, Cenchrus ciliaris, Eragrostis 
rigidior and Brachiaria deflexa; and various forbs including Solanum panduriforme, Ammocharis coranica, 
Felicia mossamedensis, Tylosema fassoglense, Pavonia burchellii, Abutilon austro-africanum, Abutilon 
pycnodon and Asparagus species (see APPENDIX B for a list of flora species recorded during the 2011 
survey and APPENDIX C for a list of species potentially species occurring in the study area). 

Due to its disturbed and fragmented nature, the ecological functioning of the study area is considered low to 
medium. 

Fauna component 
Evidence of Kudu (Tragelaphus strepsiceros), Warthog (Phacochoerus aethiopicus), Porcupine (Hysterix 
africaeaustralis) and Banded mongoose (Mungos mungo) were recorded in the study area during the survey. 
These are all common species, with widespread distributions (refer to APPENDIX D for a list of mammal 
species potentially occurring in the study area).  Birds observed in the study area during the survey similarly 
include common and widespread bushveld species, such as inter alia Natal spurfowl (Francolinus 
natalensis), Crested francolin (Francolinis sephaena), Yellow billed hornbill (Tockus leucomelas), Black-
backed puffback (Dryoscopus cubla), Black crow (Corvus capensis) and Grey go-away bird (Corythaixoides 
concolor) and the summer visitors Diederik’s cuckoo (Chrysococcyx caprius) and Woodlands kingfisher 
(Halcyon senegalensis) (refer to APPENDIX E for a list of birds that may potentially occur in the study area). 
Only one reptile, the common Tree agama (Agama atricollis) was recorded during the 2011 survey (Refer to 
APPENDIX F for a list of herpetofauna that may potentially occur in the study area).  

Considering its fragmented and disturbed nature, and the close proximity of existing mine operations and 
infrastructure, the study area’s importance as habitat for fauna is regarded as low.
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Figure 1: Study area (indicated in green) in relation to existing mine infrastructure  
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5.2.2 Species of potential concern  
Flora 
Two protected tree species as per Listing No. 817, Schedule A of the National Forests Act (No. 84 of 1998) 
were identified in the study area during the 2011 survey. These are Combretum imberbe and Sclerocarya 
birrea. Refer to APPENDIX G for the co-ordinates of protected trees observed in the study area. 

In terms of Red Data or protected species that may potentially occur in the area, one plant species, namely 
Eulalia aurea, is listed as Near Threatened by the IUCN, while a further eight species are listed as Least 
Concern (the lowest rating for assessed species) (SIBIS: SABIF, 2009, internet). According to Schedule 12 
of the Limpopo Environmental Management Act (No. 7 of 2003) two species that potentially occur in the 
study area, namely Huernia stapelioides and Huernia transvaalensis, are listed as Protected. Refer to Table 
1 for a list of potential Red Data and protected species. 
 
Table 1: Red Data and protected flora that may potentially occur in the study area  

Scientific name  IUCN Status (2011) 
Protected Tree 
Species List 
(1998) 

Limpopo 
Protected Species 
List (2003) 

Acacia erioloba - Protected - 
Barleria rehmannii  Least Concern - - 
Boscia albitrunca  - Protected - 
Combretum imberbe  - Protected - 
Dipcadi papillatum Least Concern  - - 
Drimia angustifolia  Least Concern - - 
Dyschoriste rogersii  Least Concern - - 
Eriospermum flagelliforme  Least Concern  - - 
Eulalia aurea  Near Threatened - - 
Geigeria burkei  Least Concern  - - 
Huernia stapelioides  - - Protected 
Huernia transvaalensis  - - Protected 
Pterodiscus ngamicus  Least Concern  - - 
Requienia pseudosphaerosperma  Least Concern - - 
Sclerocarya birrea - Protected - 
Spirostachys africana  - Protected Protected 

Fauna 
Although no Red Data or protected mammal species were recorded in the study area during the 2011 field 
survey, a total of 35 mammal species that may potentially occur in the study area are listed as Red Data or 
protected species (see APPENDIX D). Many of these however, are large species which will be confined to 
formally protected areas and are unlikely to be found in the study area.  
 
Two Red Data and protected reptile species have been recorded in the region, namely the Nile crocodile 
(Crocodylus niloticus) and the African rock python (Python natalensis). The Nile crocodile is listed as 
Vulnerable by the IUCN, and Protected and Specially Protected according to the NEMBA TOPS List (2007) 
and Schedule 2 of the Limpopo Environmental Management Act (No. 7 of 2003), respectively. This species 
is unlikely to be present in the study area owing to the lack of permanent water. The African rock python 
(Python natalensis) is listed as Vulnerable by the IUCN and Protected according to both the NEMBA TOPS 
List (2007) and Schedule 3 of the Limpopo Environmental Management Act (No. 7 of 2003). This species 
favours open savanna (Branch, 1994) and thus may occur in the study area (see APPENDIX F).  
One Red Data and protected amphibian namely the Giant bullfrog (Pyxicephalus adspersus), has been 
recorded in the region, but is unlikely to occur in the study area (Prof. L. Du Preez, per. comm. 2011). This 
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species is listed as Near-threatened by the IUCN and Protected according to the NEMBA TOPS List (2007) 
and Schedule 3 of the Limpopo Environmental Management Act (No. 7 of 2003) (see APPENDIX F).  
 
According to Schedule 2 and 3 of the Limpopo Environmental Management Act (No. 7 of 2003) all birds 
occurring in the Province, excluding certain very common species and species classified as game birds, are 
considered Specially Protected or Protected. Moreover, 23 bird species that potentially occur in the study 
area are listed as Red Data or protected species by the IUCN (SIBIS: SABIF, 2009, internet) and/or NEMBA 
TOPS List (2007) (see APPENDIX E). The study area is unlikely to form critical habitat for Red Data or 
protected bird species, and moreover, should such birds be present in the study area it is anticipated that 
they will move to adjacent areas if disturbed.  
 
6.0 IMPACT ASSESSMENT 
The aim of the impact assessment is to identify and assess specific impacts that the proposed project will 
have on species of concern and on the general ecological functioning and integrity of the study area. 
Furthermore, the assessment aims to identify, and discuss suitable management measures to mitigate 
negative environmental impacts.  

6.1 Identification of site related issues and concerns 
Principle project related concerns include: 

 Destruction of protected tree species; and 

 Habitat loss and other project related disturbances reducing ecological functioning and the biodiversity 
of study area. 

These issues have been categorised into the following impacts:  

6.1.1 Habitat loss and degradation through vegetation clearing 
Habitat loss refers to the removal of natural habitat. In terrestrial ecosystems habitat loss occurs primarily 
through the clearing of indigenous vegetation or through the homogenisation of available habitat, often by 
exotic species. This results not only in the destruction of individual plants and some fauna species, but also a 
loss of biodiversity and a contingent breakdown in ecosystem function. Habitat degradation refers to an 
extreme form of ecosystem disturbance. In such instances much of the original ecosystem function is 
disrupted and many of the original species may be lost (Begon et al. 2002).  

Although habitat loss and degradation are normally associated with vegetation clearing which takes place 
during the construction phase of a project, the impacts are often long term or even permanent.  

6.1.2 Establishment of exotic invasive plants 
Habitat degradation and disturbance resulting from vegetation clearing often facilitates the establishment of 
invasive exotic species some of which may be listed as Category 1, 2 & 3 invasive plants according to the 
Conservation of Agricultural Resources Act (CARA) (No. 43 of 1983). This may result in further habitat loss 
and an overall loss of ecosystem functioning. According to the CARA, Category 1 & 2 species must be 
controlled and eradicated wherever they occur.  

6.1.3 Sensory disturbance 
Sensory disturbances, such as noise and light, are often associated with construction activities. These 
disturbances have the potential to negatively affect fauna populations, particularly at critical life cycle 
periods, such as the breeding season. Sensory disturbances will be most prevalent during the construction 
phase of the proposed project. 

6.1.4 Spillage of toxic or harmful substances  
The spillage of harmful or toxic substances used may impact on the fauna and flora in a number of ways. 
Direct pathways include ingestion of the substances by fauna species resulting in toxicity in that individual, 
uptake of toxic chemicals by the roots of plants which may lead to toxicity in the plants and the chemicals 
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entering the plant or animals system due to contact (through the skin, leaves or stems). Indirect pathways 
include the ingestion of contaminated plants or animals by other herbivorous or predatory species.  

6.1.5 Fauna – human interactions 
These impacts involve direct interactions between fauna, humans, and infrastructure, and can potentially 
harm or kill on-site fauna. Typical impacts include inter alia:  

 Vehicle – wildlife collisions; and  

 Poaching, harvesting (bird eggs) , handling and poisoning of wildlife. 

Fauna-human interactions will be most prevalent during the construction phase, when on-site activity is at its 
busiest.  

6.2 Recommended mitigation measures 
6.2.1 Habitat loss and degradation through vegetation clearing 
The following management measures are recommended to mitigate habitat loss and degradation and 
associated impacts: 

 Vegetation clearing should be restricted to the proposed development footprint, with no unnecessary 
clearing permitted outside of this area. Areas to be cleared, including construction sites and lay-down 
and vehicle turning points, should be taped off to prevent unnecessary disturbances; 

 Removed topsoil should be stockpiled and used to rehabilitate disturbed areas. Topsoil should ideally 
not be stockpiled for greater than 12 months and stockpiles should not exceed two metres in height; 

 Where practical, infrastructure should be routed around protected tree species. In instances where this 
is not possible, permits to cut, destroy and/or transplant protected trees should be obtained from the 
Department of Agriculture, Forestry and Fisheries. To facilitate this, all protected trees should be clearly 
marked, either with tape or paint, before clearing activities commence; 

 Should any Red Data or protected fauna species be encountered during site clearing and construction, 
and be reluctant to move off, the animal should be relocated under the supervision of the provincial 
conservation authority; and 

 It is recommended that an environmental control officer (ECO) be appointed during construction to 
monitor for the presence of Red Data and protected flora and fauna. 

6.2.2 Establishment of exotic invasive plants 

 An exotic species control programme, including monitoring, must be developed and implemented to 
reduce the encroachment of exotic invasive species; and 

 It is recommended that the environmental control officer (ECO) be responsible for monitoring the nature 
and extent of on-site exotic, invasive plants. 

6.2.3 Sensory disturbances 
Impacts related to noise and light pollution may be mitigated by: 

 Lighting shields, directional lighting and low level lights should be implemented, where applicable; and 

 Noise emanating from construction machinery and equipment should be kept to a minimum by the 
fitting of exhaust silencers and through the regular maintenance of construction vehicles. Where 
possible, construction activities should be restricted to daylight hours.  
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6.2.4 Spillage of harmful or toxic substances 

 All harmful or toxic substances kept on site should be stored in bunded areas, or in the correct manner 
as stipulated by the relevant Material Safety Data Sheets (MSDS); and 

 An emergency spillage containment plan should be developed and implemented to control for the 
spillage of harmful and toxic substances. 

6.2.5 Fauna-human interactions 

 A low speed limited should be enforced on site to reduce wildlife-collisions; 

 The destruction, harvesting, handling, poisoning and killing of on-site fauna and flora must be strictly 
prohibited;  

 Should fauna be reluctant to move off during site clearing, it is recommended that these individuals be 
carefully relocated to adjacent undisturbed areas under the correct supervision of the ECO; and 

 Mine employees and contractors should be made aware of the presence of, and rules regarding, flora 
and fauna through suitable induction training and on-site signage. 

6.3 Impact Analysis 
The following section outlines the perceived magnitude and environmental consequences of the identified 
impacts. The assessment criteria for flora and fauna are presented in Table 2. Refer to Table 3 and Table 4 
for the results of the impact analyses.  

Table 2: Impact assessment criteria for flora and fauna 

Resource Direction Magnitude Geographic 
Extent Duration Reversibility Frequency 

Flora 
positive, 
negative or 
neutral 

negligible:  no 
measurable effect 
from current 
conditions  
low:  <10% 
change from 
current conditions
moderate:  10 to 
20% change from 
current conditions
high:  >20% 
change from 
current conditions 

local:  effect 
restricted to 
the study 
area 
regional:  
effect extends 
beyond the 
study area 
into the RSA 
beyond 
regional:  
effect extends 
beyond the 
RSA 

short-term: 
construction 
medium-
term: 
operations 
long-term:  
>operations 

reversible  
or 
irreversible  

low:  occurs 
once 
medium:  
occurs 
intermittently 
high:  occurs 
continuously 

Fauna  
positive, 
negative or 
neutral 

negligible:  no 
measurable effect 
from current 
conditions 
low:  <10% 
change from 
current conditions
moderate:  10 to 
20% change from 
current conditions
high:  >20% 
change from 
current conditions 

local:  effect 
restricted to 
the study 
area 
regional:  
effect extends 
beyond the 
study area 
into the RSA 
beyond 
regional:  
effect extends 
beyond the 
RSA 

short-term: 
construction 
medium-
term: 
operations 
long-term:  
>operations 

reversible  
or 
irreversible  

low:  occurs 
once 
medium:  
occurs 
intermittently 
high:  occurs 
continuously 
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6.3.1 Habitat loss and degradation 
Vegetation clearing associated with the proposed development will result in habitat loss and degradation, 
which may affect on-site fauna and flora populations. Be that as it may, it is noted that much of the 14 ha 
study area is already transformed and disturbed by historic and current anthropogenic activities. This 
coupled with the fragmented and isolated nature of the site, and the fact that observed fauna are all common 
and widespread species which are capable of moving to adjacent undisturbed areas if disturbed, renders any 
additional habitat loss and degradation resulting from the proposed development to be of low concern.   

However, it is likely that a number of protected trees may need to be cleared during the construction phase 
of the project. As these have statutory protection, this impact is of concern and is therefore rated high. 

6.3.2 Establishment of exotic vegetation 
The clearing of vegetation may facilitate the establishment and encroachment of exotic invasive plant 
species, which if not controlled may persist throughout all phases of the project. Nonetheless, considering its 
already fragmented and disturbed nature, the susceptibility of the study area to invasive species 
encroachment is not expected to increase substantially as a result of the proposed development. The 
significance rating for this impact is therefore considered to be low.  

6.3.3 Sensory disturbance 
Sensory disturbances from noise and light will be experienced on-site during all phases of the project. These 
are not expected to be over and above the existing levels of noise and light pollution associated with the 
current activities of adjacent mine facilities. The significance of sensory disturbance on fauna is therefore 
considered low.   

6.3.4 Spillage of harmful or toxic substances 
The probability of spillages of harmful or toxic substances will be highest during the construction phase when 
various chemicals and materials used in construction are transported, handled and stored in the study area. 
Further, increased vehicular traffic may lead to increased spills of fuel and lubricants.  

These impacts will likely be limited to disturbed areas such as roads, lay-down areas and construction sites. 
The environmental significance of these impacts on flora and fauna is therefore considered low. 

6.3.5 Fauna – human interactions 
Vehicle-wildlife collisions 
Current vehicular traffic through and around the study area associated with mining activities is already high. 
Although the commencement of construction activities may lead to an increase in the number of on-site 
workers and vehicular traffic, it is not anticipated that vehicle-wildlife collisions will increase over and above 
existing levels. The significance of vehicle-wildlife collisions is rated as low.  

Poaching, harvesting, handling and poisoning of wildlife 
The number of on-site workers associated with existing mining activities is high.  Although construction 
activities may lead to an increase in this number, it is not anticipated that incidences of poaching, harvesting, 
handling and poisoning of wildlife will increase concurrently. The significance of these impacts on fauna is 
rated as negligible. 



 
SENSITIVITY ANALYSIS 

 

January 2012 
Report No. 11613540-11192-1 11 

 

Table 3: Impact classification and environmental consequence - Flora 
Resource Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) Reversibility(e) Frequency(f) Environmental 

Consequence 

Habitat loss and degradation 

Flora Negative High Local Long term Reversible Low High 

Establishment of exotic invasive plants 

Flora Negative Low Local Long term Reversible High Low 

Spillage of toxic or harmful substances 

Flora Negative Low Local Long term Reversible Medium Low 

Table 4: Impact classification and environmental consequence - Fauna 
Resource Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) Reversibility(e) Frequency(f) Environmental 

Consequence 

Habitat loss and degradation 

Mammals Negative Low Local Long term Reversible Low Low 

Birds Negative Low Local Long term Reversible Low Low 

Herpetofauna Negative Low Local Long term Reversible Low Low 

Establishment of exotic invasive plants 

Mammals Negative Low Local Long term Reversible Medium Low 

Birds Negative Low Local Long term Reversible Medium Low 

Herpetofauna Negative Low Local Long term Reversible Medium Low 

Sensory disturbance – Noise and Light 

Mammals Negative Low Local Medium term Reversible High Low 

Birds Negative Low Local Medium term Reversible High Low 

Herpetofauna Negative Low Local Medium term Reversible High Low 

Spillage of toxic or harmful substances 

Mammals Negative Low Local Long term Reversible Medium Low 

Birds Negative Low Local Long term Reversible Medium Low 

Herpetofauna Negative Low Local Long term Reversible Medium Low 
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Resource Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) Reversibility(e) Frequency(f) Environmental 
Consequence 

Vehicle-wildlife collisions 

Mammals Negative Low Local Long term Reversible Medium Low 

Birds Negative Low Local Long term Reversible Medium Low 

Herpetofauna Negative Low Local Long term Reversible Medium Low 

Poaching, harvesting, handling and poisoning of wildlife 

Mammals Negative Low Local Short term Reversible Medium Negligible 

Birds Negative Low Local Short term Reversible Medium Negligible 

Herpetofauna Negative Low Local Short term Reversible Medium Negligible 
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7.0 CONCLUSIONS 
The 14 ha study area is located at the main entrance of Grootegeluk Mine and is surrounded by various 
mine infrastructure and activities. Vehicle access roads and fences transect the study area, while certain 
areas have been cleared of vegetation as part of landscaping efforts. Owing to the close proximity of existing 
mine operations, other forms of disturbance such as noise, light pollution and dust entrainment are currently 
prevalent. The study area is thus disturbed, fragmented, and largely isolated from surrounding natural areas. 
The ecological functioning and importance of the study area from a biodiversity perspective is considered 
low.  

Negative impacts on general on-site flora resulting from the proposed project are not considered of major 
concern. However, two protected tree species (Combretum imberbe and Sclerocarya birrea) were recorded 
in the study area during the 2011 site survey. These species are listed as per Listing No. 817, Schedule A of 
the National Forests Act (No. 84 of 1998). It is likely that a number of individual trees of both species will fall 
within the proposed development footprint and will therefore need to be cleared.  Where practical it is 
recommended that proposed infrastructure be placed or routed around protected trees. In instances where 
this is not possible or feasible, provision can be made to obtain permits from the Department of Agriculture, 
Forestry and Fisheries to cut, destroy or transplant individual protected trees.  

Although fauna were observed in the study area, the area is not regarded as an important life cycle habitat.  
Observed fauna are vagile and it is anticipated that any species actively using the study area will move to 
adjacent undisturbed areas at the commencement of construction. The overall impact of habitat loss and 
additional disturbances on resident fauna populations resulting from construction activities are thus not 
considered to be of major concern. 

Based on the above findings, the current assessment could not identify any fatal flaws from an ecological 
perspective with regard to the proposed project. It is however recommended that the mitigation measures 
listed in Section 6.2 form part of the project’s environmental management procedure.  
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Rating of ecological function 

Rating Ecological function 

High 

Sensitive ecosystems with either low inherent resistance or resilience towards disturbance 
factors or highly dynamic systems considered to be stable and important for the maintenance of 
ecosystems integrity (e.g. pristine grasslands, pristine wetlands and pristine ridges). These 
areas generally have a high conservation value and development should be actively 
discouraged 

Medium 

Relatively important ecosystems at gradients of intermediate disturbances. An area may be 
considered of medium ecological function if it is directly adjacent to sensitive/pristine 
ecosystem. These areas generally have a moderate to high conservation value. Development 
may be permitted but should be managed appropriately. 

Low 
Degraded and highly disturbed systems with little or no ecological function and little value from 
a conservation perspective. 

Impact Assessment Methodology 
From a technical, conceptual or philosophical perspective the focus of impact assessment ultimately narrows 
down to a judgment on whether the predicted impacts are significant or not. The concept of significance is at 
the core of impact identification, prediction, evaluation and decision-making (DEAT, 2002). The 
determination of significant impacts relates to the degree of change in the environmental resource measured 
against some standard or threshold. The environmental consequence of impacts can be derived by 
considering the following criteria: 

 Direction of the impact 

 Geographical extent of the impact. 

 Magnitude of the impact. 

 Duration of the impact. 

 Frequency of impact 

 Reversibility based on potential for mitigation and rehabilitation. 

The descriptors for the ratings (DEAT, 2002) are as follows: 

 High  Of the highest order possible within the bounds of impacts that could occur, there is 
no possible mitigation that could offset the impact, or mitigation is difficult. 

 Moderate  Impact is real, but not substantial in relation to other impacts that might take effect 
within the bounds of those that could occur. Mitigation is both feasible and fairly 
easily possible 

 Low  Impact is of a low order and therefore likely to have little real effect. Mitigation is 
either easily achieved or little mitigation is required, or both. 

 No impact   Zero Impact 

Development of mitigation measures 
The quantitative accuracy and precision of impact predictions is particularly important for prescribing 
mitigation measures (DEAT, 2002). This is especially important for those impacts, pollutants or resources 
that require the setting of a site-specific discharge limit or need to be within legislated standards (DEAT, 
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2002). A common approach to describing mitigation measures for critical impacts is to specify a range of 
targets with predetermined acceptable range and an associated monitoring and evaluation plan. 

To ensure successful implementation, mitigation measures should be unambiguous statements of actions 
and requirements that are practical to execute (DEAT, 2002). A summary of the different approaches used to 
prescribe and design mitigation measures follows: 

 Avoidance  Mitigation by not carrying out the proposed action. 

 Minimisation  Mitigation by scaling down the magnitude of a development, re-orienting the layout 
of the project or employing technology to limit the undesirable environmental impact. 

 Rectification  Mitigation through the restoration of environments affected by the action. 

 Reduction  Mitigation by taking maintenance steps during the course of the action. 
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APPENDIX B  
List of flora recorded in the study area during the 2011 site 
survey 
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Family  Species Name  

AMARYLLIDACEAE Ammocharis coranica 
ANACARDIACEAE Sclerocarya birrea 
ANACARDIACEAE Rhus lancea 
ASPARAGACEAE Asparagus cooperi 
ASPARAGACEAE Protoasparagus spp.  
ASTERACEAE Tarchonanthus camphoratus 
ASTERACEAE Bidens bipinnata 
ASTERACEAE Galinsoga parviflora 
ASTERACEAE Felicia mossamedensis 
BIGNONIACEAE Rhigozum brevispinosum 
BORGINACEAE Ehretia rigida 
BURSERACEAE Commiphora schimperi 
BURSERACEAE Commiphora pyracanthoides 
CACTACEAE Opuntia ficus-indica* 
CAESALPINIACEAE Tylosema fassoglense 
CAPPARACEAE Boscia foetida subsp. rehmanniana 
COMBRETACEAE Combretum imberbe 
COMBRETACEAE Combretum apiculatum 
COMBRETACEAE Combretum hereroense  
COMMELINACEAE Commelina africana 
CONVOLVULACEAE Ipomoea bolusiana 
CONVOLVULACEAE Convolvulus sagittatus 
CONVOLVULACEAE Ipomoea spp.  
CUCURBITACEAE Citrullus lanatus 
CUCURBITACEAE Cucumis zeyheri 
EBENACEAE Euclea crispa 
EBENACEAE Euclea undulata 
EBENACEAE Euclea divinorum  
EUPHORBIACEAE Flueggea virosa 
EUPHORBIACEAE Euphorbia tirucalli 
FABACEAE Erythrina lysistemon 
FABACEAE Sphenostylis angustifolia  
FABACEAE Lablab purpureus 
LILIACEAE Sansevieria metallica 
MALVACEAE Sida  chrysantha 
MALVACEAE Sida cordifolia 
MALVACEAE Pavonia burchellii 
MALVACEAE Abutilon austro-africanum 
MALVACEAE Abutilon pycnodon 
MIMOSACEAE Acacia nilotica 
MIMOSACEAE Acacia tortilis 
MIMOSACEAE Acacia robusta 
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Family  Species Name  

MIMOSACEAE Acacia mellifera 
MIMOSACEAE Acacia nigrescens 
MIMOSACEAE Acacia galpinii 
MIMOSACEAE Dichrostachys cinerea 
POACEAE Cynodon dactylon 
POACEAE Eragrostis rigidior 
POACEAE Melinis repens 
POACEAE Panicum maximum 
POACEAE Eragrostis superba 
POACEAE Schmidtia pappophoroides 
POACEAE Brachiaria deflexa  
POACEAE Trachypogon spicatus 
POACEAE Andropogon appendiculatus 
POACEAE Setaria sphacelata var. sericea 
POACEAE Brachiaria nigropedata 
POACEAE Chloris pycnothrix 
POACEAE Cenchrus ciliaris 
RHAMNACEAE Ziziphus mucronata 
RUBIACEAE Gardenia volkensii 
SOLANACEAE Solanum panduriforme 
SOLANACEAE Solanum tomentosum 
TILIACEAE Grewia bicolor 
TILIACEAE Grewia flava 
TILIACEAE Grewia flavescens 
VITACEAE Cyphostemma hypoleucum 
*Exotic species 
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APPENDIX C  
List of plant species that may potentially occur in the study 
area 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Abrus laevigatus E. Mey - - - 
Abutilon austro-africanum Hochr. - - - 
Abutilon pycnodon Hochr. - - - 
Acacia caffra (Thunb.) Willd - - - 
Acacia erioloba - Protected - 
Acacia fleckii Schinz - - - 
Acacia mellifera (Vahl) Benth. subsp. detinens (Burch.) Brenan - - - 
Acacia senegal (L.) Willd var. rostrata Brenan - - - 
Acacia sp - - - 
Acacia tortilis (Forssk.) Hayne subsp. heteracantha (Burch.) Brenan - - - 
Acalypha caperonioides Baill. - - - 
Acalypha indica L.    var. indica - - - 

Acanthosicyos naudinianus (Sond.) C. Jeffrey - - - 

Acroceras macrum Stapf - - - 
Aeschynomene indica L. - - - 
Albizia harveyi E. Fourn - - - 

Albuca setosa Jacq. - - - 

Alectra orobanchoides Benth - - - 
Alistilus bechuanicus N.E. Br. - - - 

*Ambrosia artemisiifolia L.  - - - 

Andropogon schirensis Hochst. ex A.Rich. - - - 
Anthephora pubescens Nees - - - 
Aponogeton junceus Lehm. - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Aristida adscensionis L. - - - 
Aristida canescens Henrard subsp. canescens - - - 
Aristida congesta Roem. & Schult. subsp. congesta - - - 
Aristida spectabilis Hack. - - - 
Aristida stipitata Hack. Subsp. graciliflora (Pilg.) Melderis  - - - 
Asparagus cooperi Baker - - - 
Asparagus exuvialis Burch. Forma exuvialis - - - 
Asystasia schimperi T. Anderson - - - 
Athrixia elata Sond. - - - 
Bacopa floribunda (R.Br.) Wettst. - - - 
Barleria affinis C.B. Clarke - - - 
Barleria galpinni C.B. Clarke - - - 
Barleria lancifolia T.Anderson subsp. lancifolia - - - 
Barleria mackenii Hook. F. - - - 
Barleria prionitis L. subsp. prionitis - - - 
Barleria rehmannii C.B.Clarke Least Concern - - 
Barleria sp. - - - 
Bauhinia petersiana Bolle subsp. macrantha (Oliv.) Brummit & J.H. 
Ross - - - 

Blepharis breyeri Oberm. - - - 
Blepharis diversispina (Nees). C.B. Clarke - - - 
Blepharis maderaspatensis (L.) Roth - - - 
Boscia foetida Schinz subsp. rehmanniana (Pestal.) Toelken - - - 
Bosicia albitrunca (Burch.) Gilg & Gilg-Ben - Protected - 
Bothriochloa bladhii (Retz.) S.T. Blake - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Brachiaria nigropedata (Ficalho & Hiern) Stapf  - - - 
Bulbostylis hispidula (Vahl.) R.W. Haines subsp. pyriformis (Lye) R.W. 
Haines - - - 

Bulbostylis humilis (Kunth) C.B. Clarke - - - 
Cenchrus ciliaris L. - - - 
Cenia microglossa DC. (= Cotula microglossa) - - - 
Ceratophyllum demersum L. var. demersum - - - 
Ceratotheca triloba (Bernh.) Hook.f - - - 
Chamaecrista absus (L.) H.S.Irwin & Barneby - - - 
Chamaecrista biensis (Steyaert) Lock - - - 
Chascanum hederaceum  (Sond.) Moldenke var. hederaceum  - - - 
Chascanum pinnatifidum (L.f.) E.Mey. var. pinnatifidum - - - 
Chironia purpurascens (E.Mey.) Benth. & Hook.f. subsp. humilis (Gilg) 
I.Verd. - - - 

Chorisochora transvaalensis (A.Meeuse) Vollesen - - - 
Cleome angustifolia Forssk. subsp. petersiana (Klotzsch ex Sond.) 
Kers - - - 

Cleome hirta (Klotzsch) Oliv. - - - 
Cleome rubella Burch. - - - 
Clerodendrum ternatum Schinz - - - 
Clutia pulchella L. var. pulchella - - - 
Coccinia sessilifolia (Sond.) Cogn - - - 
Combretum apiculatum Sond. - - - 
Combretum hereroense Schinz - - - 
Combretum imberbe Wawra - Protected - 
Combretum zeyheri Sond.  - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Commelina benghalensis L. - - - 
Commelina erecta L. - - - 
Commelina livingstonii C.B. Clarke - - - 
Commiphora mollis (Oliv.) Engl. - - - 
Commiphora neglecta I.Verd. - - - 
Commiphora pyracanthoides Engl. - - - 
Commiphora schimperi (O. Berg) Engl. - - - 
Commiphora species - - - 
Corchorus asplenifolius Burch. - - - 
Corrigiola litoralis L. subsp. litoralis var. litoralis - - - 
Cotula anthemoides L. - - - 
Crassula capitella Thunb. subsp. sessilicymula (Mogg) Toelken - - - 
Crotalaria orientalis Burtt Davy ex I.Verd. subsp. orientalis - - - 
Crotalaria podocarpa DC. - - - 
Crotalaria sphaerocarpa Perr. Ex DC. subsp. sphaerocarpa - - - 
Cryptolepis oblongifolia (Meisn.) Schltr. - - - 
Cucumis myriocarpus Naudin. subsp. myriocarpus - - - 
Cyanotis speciosa (L.f.) Hassk. - - - 
Cymbopogon pospischilii (K.Schum.) C.E.Hubb. - - - 
Cyperus chersinus (N.E.Br.) Kuk. - - - 
Cyperus margaritaceus Vahl var. margaritaceus - - - 
Dactyloctenium giganteum Fisher & Scweick.  - - - 
Dalechampia capensis A. Spreng - - - 
Denekia capensis Thunb. - - - 
Dicerocaryum senecioides (Klotzsch) Abels - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Dichrostachys cinerea (L.) Wight & Arn. - - - 
Dicliptera minor C.B.Clarke subsp. minor - - - 
Dicoma tomentosa Cass. - - - 
Digitaria debilis (Desf.) Willd - - - 
Digitaria eriantha Steud. - - - 
Diospyros lycioides Desf. subsp. nitens (Harv. ex Hiern) De Winter - - - 
Dipcadi gracillimum Baker - - - 
Dipcadi papillatum Oberm. Least Concern  - - 
Dipcadi platyphyllum Baker - - - 
Diplorhynchus condylocarpon (Mull. Arg.) Pichon - - - 
Drimia angustifolia Baker Least Concern - - 
Dyschoriste fischeri Lindau - - - 
Dyschoriste rogersii S. Moore Least Concern - - 
Echinochloa holubii (Stapf.) Stapf - - - 
Echinochloa jubata Stapf   - - 
Echinochloa stagina (Retz. P. Beauv. - - - 
Eleocharis limosa (Schrad.) Schult. - - - 
Eleusine coracana (L.) Gaertn. subsp. africana (Kenn.-O'Byrne) Hilu & 
de Wet - - - 

Entodon cymbifolius Wager & Dixon - - - 
Eragrostis aspera (Jacq.) Nees - - - 
Eragrostis hierniana Rendle - - - 
Eragrostis lehmanniana Nees - - - 
Eragrostis lehmanniana Nees    var. chaunantha (Pilg.) De Winter - - - 
Eragrostis lehmanniana Nees    var. lehmanniana - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Eragrostis pallens Hack. - - - 
Eragrostis sarmentosa (Thunb.) Trin - - - 
Eragrostis sp. - - - 
Eragrostis superba Peyr. - - - 
Eriocaulon abyssinicum Hochst. - - - 
Eriospermum flagelliforme (Baker) J.C.Manning Least Concern  - - 
Eriospermum porphyrovalve Baker - - - 
Erucastrum griquense (N.E.Br.) O.E.Schulz - - - 
Euclea undulata Thunb. - - - 
Eulalia aurea (Bory) Kunth Near Threatened - - 
Euphorbia malevola L.C. Leach subsp. malevola   - - 
Euphorbia neopolycnemoides Pax & K. Hoffm. - - - 
Euphorbia tirucalli L. - - - 
Euphorbia waterbegensis R.A. Dyer - - - 
Evolvulus alsinoides (L.) L. - - - 
Fabronia pilifera Hornsch. - - - 
Felicia mossamedensis (Hiern) Mendoca - - - 
Ficus glumosa Delile - - - 
Gardenia volkensii K. Schum. subsp volkensii var. volkensii - - - 
Geigeria burkei Harv. subsp. burkei var. burkei Least Concern  - - 
Gisekia africana (Lour.) Kuntze var. cymosa Adamson - - - 
Gisekia pharnacioides var. pharnacioides - - - 
Glinus bainesii (Oliv.) Pax - - - 
Gossypium herbaceum L. subsp. africanum (Watt) Vollesen - - - 
Grewia avellana Hiern - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Grewia flava DC. - - - 
Grewia occidentalis L.  var. occidentalis - - - 
Grewia retinervis Burret - - - 
Grewia subspathulata N.E.Br. - - - 
Gymnema sylvestre (Retz.) Schult. - - - 
Harpagophytum procumbens (Burch.) DC. ex Meisn. subsp. 
transvaalense Ihlenf. & H.E.K.Hartmann - - - 

Helichrysum nudifolium (L.) Less. var. oxyphyllum (DC.) Beentje - - - 
Helichrysum zeyheri Less. - - - 
Hermannia grisea Schinz - - - 
Hermannia modesta (Ehrenb.) Mast. - - - 
Hermannia stellulata (Harv.) K.Schum. - - - 
Hermannia tomentosa (Turcz.) Schinz ex Engl. - - - 
Hermbstaedtia odorata (Burch.) T. Cooke var. aurantiaca (Suess.) C.C. 
Towns - - - 

Hermbstaedtia odorata (Burch.) T. Cooke var. odorata - - - 
Heteropogon contortus (L.) Roem. & Schult. - - - 
Hibiscus calyphyllus Cav. - - - 
Hibiscus micranthus L.F. var. micranthus - - - 
Hibiscus microcarpus Garcke - - - 
Hibiscus nigricaulis Baker f. - - - 
Hibiscus physaloides Guill. & Perr. - - - 
Hibiscus platycalyx Mast. - - - 
Hibiscus praeteritus R.A.Dyer - - - 
Hibiscus pusillus Thunb. - - - 
Hibiscus schinzii Gürke - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Hibiscus sidiformis Baill. - - - 
Hibiscus vitifolius L. subsp. vulgaris Brenan & Exell - - - 
Hirpicium bechuanense (S.Moore) Roessler - - - 
Hoffmannseggia burchellii (DC.) Benth. ex Oliv. subsp. rubro-violacea 
(Baker f.) Brummitt & J.H.Ross - - - 

Huernia stapelioides Schltr. - - Protected 
Huernia transvaalensis Stent - - Protected 
Hypericum lalandii Choisy - - - 
Indigofera bainesii Baker - - - 
Indigofera daleoides Benth. Ex Harv. var. daleoides - - - 
Indigofera filipes Benth. Ex Harv. - - - 
Indigofera ingrata N.E.Br. - - - 
Indigofera nebrowniana J.B.Gillett - - - 
Indigofera sordida Benth. Ex Harv. -     
Indigofera species - - - 
Ipomoea adenioides Schinz    var. adenioides - - - 
Ipomoea coptica (L.) Roth ex Roem. & Schult. - - - 
Ipomoea crassipes Hook. - - - 
Ipomoea gracilisepala Rendle - - - 
Ipomoea hackeliana (Schinz) Hallier f. - - - 
Ipomoea obscura (L.) Ker Gawl. - - - 
Ipomoea robertsiana Rendle - - - 
Justicia exigua S.Moore - - - 
Justicia flava (Vahl) Vahl - - - 
Kedrostis foetidissima (Jacq.) Cogn. - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Kirkia acuminata Oliv. - - - 
Kirkia wilmsii Engl. - - - 
Kohautia caespitosa Schnizl. subsp. brachyloba (Sond.) D.Mantell - - - 
Kohautia cynanchica DC. - - - 
Kohautia virgata (Willd.) Bremek. - - - 
Kyllinga alba Nees - - - 
Lablab purpureus (L.) Sweet subsp. uncinatus Verdc. - - - 
Lapeirousia sandersonii Baker - - - 
Leucas capensis (Benth.) Engl.       
Leucas sexdentata Skan - - - 
Limeum fenestratum (Fenzl) Heimerl    var. fenestratum - - - 
Lindbergia pseudoleskeoides Dixon - - - 
Lippia wilmsii H.Pearson - - - 
Lobelia angolensis Engl. & Diels - - - 
Loudetia flavida (Stapf) C.E.Hubb. - - - 
Ludwigia adscendens (L.) Hara subsp. diffusa (Forssk.) P.H.Raven - - - 
Maerua angolensis DC. subsp. angolensis - - - 
Marsdenia sylvestris (Retz.) P.I.Forst. = Gomphocarpus fruticosus. 
subsp. fruticosus - - - 

Melhania acuminata Mast.    var. acuminata - - - 
Melhania forbesii Planch. ex Mast. - - - 
Melinis repens (Willd.) Zizka subsp. grandiflora (Hochst.) Zizka - - - 
Mimusops zeyheri Sond. - - - 
Monechma divaricatum (Nees) C.B.Clarke - - - 
Monsonia angustifolia E.Mey. ex A.Rich. - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Neorautanenia amboensis Schinz - - - 
Nerine laticoma (Ker Gawl.) T.Durand & Schinz - - - 
Nesaea angustifolia A.Fern. & Diniz - - - 
Nesaea rigidula (Sond.) Koehne - - - 
Nidorella resedifolia DC. subsp. resedifolia - - - 
Nymphaea nouchali Burm.f.    var. caerulea (Savigny) Verdc. - - - 
Ornithogalum seineri (Engl. & K.Krause) Oberm. - - - 
Ornithogalum tenuifolium F.Delaroche subsp. aridum Oberm. - - - 
Ornithogalum tenuifolium F.Delaroche subsp. tenuifolium - - - 
Osyris lanceolata Hochst. & Steud. - - - 
Otoptera burchellii DC. - - - 
Oxygonum sinuatum (Hochst. & Steud. ex Meisn.) Dammer - - - 
Panicum maximum Jacq. - - - 
Panicum repens L. - - - 
Panicum schinzii Hack. - - - 
Pavonia clathrata Mast. - - - 
Pelargonium sp. - - - 
Pentanisia angustifolia (Hochst.) Hochst. - - - 
Pergularia daemia (Forssk.) Chiov.    var. daemia - - - 
Persicaria attenuata (R.Br.) Soják subsp. africana K.L.Wilson - - - 
Persicaria limbata (Meisn.) H.Hara - - - 
Phaeoptilum spinosum Radlk. - - - 
Phyla nodiflora (L.) Greene    var. nodiflora - - - 
Phyllanthus angolensis Müll.Arg. - - - 
Piriqueta capensis (Harv.) Urb. - - - 
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Scientific name  IUCN Status (2011) Protected Tree Species 
List (1998) 

Limpopo Protected 
Species List (2003) 

Pogonarthria squarrosa (Roem. & Schult.) Pilg. - - - 
Polygonum plebeium R.Br.   - - 
Pouzolzia mixta Solms - - - 
Priva africana Moldenke - - - 
Protasparagus aggregatus Oberm. - - - 
Pseudognaphalium luteo-album (L.) Hilliard & B.L.Burtt - - - 
Pseudoleskea leskeoides (Paris) Müll.Hal. - - - 
Pseudoleskea sp. - - - 
Pterodiscus ngamicus N.E.Br. ex Stapf Least Concern  - - 
Ptycholobium contortum (N.E.Br.) Brummitt - - - 
Pycreus pelophilus (Ridl.) C.B.Clarke - - - 
Pycreus polystachyos (Rottb.) P.Beauv.    var. polystachyos - - - 
Requienia pseudosphaerosperma (Schinz) Brummitt Least Concern - - 
Rhus rigida Mill. var. margaretae Burtt Davy ex Moffett - - - 
Rhynchosia spectabilis Schinz - - - 
Rhynchosia totta (Thunb.) DC. var. totta - - - 
Rubia horrida (Thunb.) Puff - - - 
Ruellia patula Jacq. - - - 
Sarcostemma viminale (L.) R.Br. subsp. viminale - - - 
Schinziophyton rautanenii (Schinz) Radcl.-Sm. - - - 
Schmidtia pappophoroides Steud. - - - 
Sclerocarya birrea - Protected - 
Secamone parvifolia (Oliv.) Bullock - - - 
Selago lacunosa Klotzsch - - - 
Selago welwitschii Rolfe    var. australis Hilliard - - - 
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Sida chrysantha Ulbr. - - - 
Solanum coccineum Jacq. - - - 
Solanum incanum L. - - - 
Solanum panduriforme E.Mey. ex Dunal - - - 
Solanum tomentosum L.    var. tomentosum - - - 
Sphedamnocarpus pruriens (A.Juss.) Szyszyl. subsp. pruriens - - - 
Spirostachys africana Sond. - Protected Protected 
Striga bilabiata (Thunb.) Kuntze subsp. bilabiata - - - 
Striga elegans Benth. - - - 
Stylochaeton natalensis Schott - - - 
Syzygium cordatum Hochst. ex C.Krauss subsp. cordatum - - - 
Talinum arnotii Hook.f. - - - 
Talinum crispatulum Dinter - - - 
Tarchonanthus camphoratus L. - - - 
Tephrosia purpurea (L.) Pers. subsp. leptostachya (DC.) Brummitt var. 
leptostachya - - - 

Tephrosia zoutpansbergensis Bremek. - - - 
Terminalia sericea Burch. ex DC. - - - 
Thesium resedoides A.W.Hill - - - 
Tragia dioica Sond. - - - 
Tragus berteronianus Schult. - - - 
Tribulus terrestris L. - - - 
Tribulus zeyheri Sond. subsp. zeyheri - - - 
Triumfetta pilosa Roth    var. effusa (E.Mey. ex Harv.) Wild - - - 
Trochomeria macrocarpa (Sond.) Hook.f. subsp. macrocarpa - - - 
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Turraea obtusifolia Hochst. - - - 
Urochloa brachyura (Hack.) Stapf - - - 
Vahlia capensis (L.f.) Thunb. subsp. vulgaris Bridson var. linearis 
E.Mey. ex Bridson - - - 

Vangueria infausta Burch. subsp. infausta - - - 
*Verbena officinalis L. - - - 
*Verbesina encelioides (Cav.) Benth. & Hook.    var. encelioides - - - 
Vernonia oligocephala (DC.) Sch.Bip. ex Walp. - - - 
Vernonia sutherlandii Harv. Endemic to Southern Africa - - 
Vigna unguiculata (L.) Walp. subsp. dekindtiana (Harms) Verdc. var. 
dekindtiana - - - 

Vigna unguiculata (L.) Walp. subsp. protracta (E.Mey.) B.J.Pienaar - - - 
Viscum tuberculatum A.Rich. - - - 
Vitex rehmannii Gürke Endemic to South Africa - - 
Wahlenbergia undulata (L.f.) A.DC. - - - 
Waltheria indica L. - - - 
Xanthocercis zambesiaca (Baker) Dumaz-le-Grand - - - 
Xyris capensis Thunb. - - - 
Zehneria marlothii (Cogn.) R.& A.Fern. - - - 
Ziziphus mucronata Willd. subsp. mucronata - - - 
Zornia linearis E.Mey. - - - 
Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, Exxaro Resources Limited 
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List of mammal species that may potentially occur in the study 
area 
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Cloeotis percivali Short-eared Trident Bat Critically Endangered - - 
Damaliscus lunatus lunatus Tsessebe Endangered Endangered Protected 
Lycaon pictus African Wild Dog Endangered - - 
Poecilogale albinucha African Weasel  Data deficient - - 
Crocidura cyanea Reddish-grey Musk Shrew Data deficient - - 
Crocidura hirta Lesser Red Musk Shrew Data deficient - - 
Crocidura mariquensis Swamp Musk Shrew Data deficient - - 
Elephantulus brachyrhynchus Short-snouted Elephant-shrew Data Deficient - - 
Elephantulus intufi Bushveld Elephant-shrew Data Deficient - - 
Lemniscomys rosalia Single-striped Mouse Data deficient - - 
Tatera leucogaster Bushveld Gerbil Data deficient - - 
Graphiurus platyops Rock Dormouse Data deficient - - 
Hippotragus equinus Roan Antelope Vulnerable Vulnerable Specially protected 
Hippotragus niger niger Sable Antelope Vulnerable - Protected 
Diceros bicornis minor Black Rhinoceros Vulnerable - Protected 
Acinonyx  jubatus Cheetah Vulnerable Vulnerable Protected 
Panthera  leo  Lion Vulnerable Vulnerable Protected 
Rhinolophus blasii Peak-saddle Horseshoe bat Vulnerable - - 
Manis temminckii Pangolin Vulnerable Vulnerable Specially protected 
Leptailurus serval Serval Near Threatened Protected Protected 
Hyaena  brunnea Brown Hyaena  Near Threatened Protected Protected 
Crocuta crocuta Spotted Hyaena Near Threatened Protected Protected 
Mellivora  capensis Honey Badger  Near Threatened Protected Protected 
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Rhinolophus clivosus Geoffroy's Horseshoe Bat Near Threatened - - 
Rhinolophus darlingi Darling's Horseshoe Bat Near Threatened - - 
Rhinolophus hildebrandtii Hildebrandt's Horseshoe Bat Near Threatened - - 
Miniopterus schreibersii Schreiber's Long-fingered Bat Near Threatened - - 
Myotis tricolor Temminck's Hairy Bat Near Threatened - - 
Myotis welwitschii Welwitsch's Hairy Bat Near Threatened - - 
Pipistrellus rusticus Rusty Bat Near Threatened - - 
Atelerixs frontalis South African Hedgehog  Near Threatened Protected Protected 
Dasymys incomtus Water Rat Near Threatened - - 
Raphicerus campestris Steenbok Least concern - Protected 
Sylvicapra grimmia Grey /Common Duiker Least concern - - 
Pelea capreolus Grey Rhebok Least concern - Protected 
Aepyceros melampus Impala Least concern - - 
Alcelaphus buselaphus Red Hartebeest Least concern - - 
Connochaetes gnou Black Wildebeest Least concern - - 
Connochaetes taurinus taurinus Blue Wildebeest Least concern - - 
Kobus ellipsiprymnus ellipsiprymnus Waterbuck Least concern - - 
Oreotragus oreotragus Klipspringer Least concern - Protected 
Redunca arundinum Reedbuck Least concern Protected Protected 
Redunca fulvorufula Mountain Reedbuck Least concern - Protected 
Syncerus caffer Cape Buffalo Least concern - Protected 
Taurotragus oryx Eland Least concern - - 
Tragelaphus angasii Nyala Least concern - - 
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Tragelaphus scriptus Bushbuck Least concern - - 
Tragelaphus strepsiceros Kudu Least concern - - 
Equus burchellii Plains Zebra Least concern - - 
Giraffa camelopardalis Giraffe Least concern - Protected 
Hippopotamus amphibius Hippopotamus Least concern - Protected 
Ceratotherium simum White Rhinoceros Least concern Protected Specially protected 
Phacochoerus africanus Warthog Least concern - - 
Potamochoerus porcus koiropotamus Bushpig Least concern - - 
Canis   mesomelas Black-backed Jackal Least concern - - 
Otocyo megalotis Bat-eared Fox Least concern - Protected 
Caracal caracal Caracal Least concern - - 
Felis  silvestris African Wild Cat Least concern - - 
Panthera pardus Leopard Least concern Protected Protected 
Atilax paludinosus Water Mongoose Least concern - - 
Galerella sanguinea Slender Mongoose Least concern - - 
Helogale parvula Dwarf Mongoose Least concern - - 
Mungos mungo Banded Mongoose Least concern - - 
Proteles cristatus Aardwolf  Least concern - Protected 
Aonyx capensis Cape Clawless Otter Least concern Protected Protected 
Ictonyx striatus Striped Polecat Least concern - - 
Civettictis civetta African Civet Least concern - Protected 
Genetta genetta Small-spotted Genet Least concern - - 
Genetta tigrina Large-spotted Genet Least concern - - 
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Taphozous mauritianus Mauritian Tomb Bat Least concern - - 
Tadarida aegyptiaca Egyptian Free-tailed Bat Least concern - - 
Nycteris thebaica Egyptian Slit-faced Bat Least concern - - 
Rhinolophus simulator Bushveld Horseshoe Bat Least concern - - 
Neoromicia capensis Cape Serotine Bat Least concern - - 
Neoromicia zuluensis Aloe Bat Least concern - - 
Pipistrellus hesperidus African Pipistrelle Least concern - - 
Scotophilus dinganii Yellow House Bat Least concern - - 
Procavia capensis Rock Hyrax/Dassie Least concern - - 
Lepus capensis Cape/desert Hare Least concern - - 
Lepus saxatilis Scrub/Savannah Hare* Least concern - - 
Pronolagus randensis Jameson's Red Rock Rabbit Least concern - Protected 
Elephantulus myurus Rock Elephant Shrew Least concern - - 
Cercopithecus aethiops pygerythrus Vervet Monkey Least concern - - 
Papio ursinus Chacma Baboon Least concern - - 
Galago moholi Southern Lesser Galago Least concern - - 
Cryptomys hottentotus Common Mole-rat Least concern - - 
Hystrix africeaustralis Porcupine Least concern - - 
Acomys subspinosus Cape Spiny mouse Least concern - - 
Aethomys ineptus Tete Veld Rat Least concern - - 
Aethomys namaquensis Namaqua Rock Mouse Least concern - - 
Dendromus melanotis Grey Climbing mouse Least concern - - 
Dendromus mystacalis Chestnut Climbing Mouse Least concern - - 
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Mastomys coucha Multimammate Mouse Least concern - - 
Mus  minutoides Pygmy mouse Least concern - - 
Otomys angoniensis Angoni Vlei Rat Least concern - - 
Otomys irroratus Vlei Rat least concern - - 
Rhabdomys pumilio Striped Mouse Least concern - - 
Saccostomus campestris Pouched mouse Least concern - - 
Steatomys pratensis Fat Mouse Least concern - - 
Thallomys paedulcus Tree Rat Least concern - - 
Graphiurus murinus Woodland Dormouse Least concern - - 
Pedetes capensis Springhare Least concern - - 
Paraxerus cepapi Tree Squirrel Least concern - - 
Thryonomys  swinderianus Greater Cane Rat Least concern - - 
Orycteropus afer Aardvark/Ant bear Least concern - Specially protected 

Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, Exxaro Resources Limited 
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List of bird species that may potentially occur in the study area 
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(2007) 

Struthio camelus* Ostrich - - 
Tachybaptus ruficollis Dabchick - - 
Pelecanus rufescens Pinkbacked Pelican Vulnerable Endangered 
Phalacrocorax lucidus Whitebreasted Cormorant - - 
Phalacrocorax africanus Reed Cormorant - - 
Anhinga rufa Darter - - 
Ardea cinerea Grey Heron - - 
Ardea melanocephala Blackheaded Heron - - 
Ardea goliath Goliath Heron - - 
Ardea purpurea Purple Heron - - 
Egretta alba Great White Egret - - 
Egretta garzetta Little Egret - - 
Egretta intermedia Yellowbilled Egret - - 
Egretta ardesiaca Black Egret - - 
Bubulcus ibis Cattle Egret - - 
Ardeola ralloides Squacco Heron - - 
Butorides striatus Greenbacked Heron - - 
Nycticorax nycticorax Blackcrowned Night Heron - - 
Gorsachius leuconotus Whitebacked Night Heron Vulnerable  
Ixobrychus minutus Little Bittern - - 
Ixobrychus sturmii Dwarf Bittern - - 
Scopus umbretta Hamerkop - - 
Ciconia ciconia White Stork - - 
Ciconia nigra Black Stork Near threatened Vulnerable 
Ciconia abdimii Abdim's Stork - - 
Ephippiorhynchus 
senegalensisǂ 

Saddlebilled Stork Endangered 
Endangered 

Leptoptilos crumeniferus Marabou Stork Near threatened - 
Mycteria ibis Yellowbilled Stork Near threatened - 
Threskiornis aethiopicus Sacred Ibis - - 
Plegadis falcinellus Glossy Ibis - - 
Bostrychia hagedash Hadeda Ibis - - 
Platalea alba African Spoonbill - - 
Phoenicopterus ruber Greater Flamingo Near threatened - 
Phoenicopterus minor Lesser Flamingo Near threatened - 
Dendrocygna viduata Whitefaced Duck - - 
Dendrocygna bicolor Fulvous Duck - - 
Thalassornis leuconotus Whitebacked Duck - - 
Alopochen aegyptiacus Egyptian Goose - - 
Anas undulata Yellowbilled Duck - - 
Anas sparsa African Black Duck - - 
Anas capensis Cape Teal - - 
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Anas hottentota Hottentot Teal - - 
Anas erythrorhyncha Redbilled Teal - - 
Anas smithii Cape Shoveller - - 
Netta erythrophthalma Southern Pochard - - 
Sarkidiornis melanotos Knobbilled Duck - - 
Plectropterus gambensis Spurwinged Goose - - 
Oxyura maccoa Maccoa Duck - - 
Sagittarius serpentarius Secretarybird Near threatened - 

Gyps coprotheresǂ Cape Vulture Vulnerable - 
Gyps africanus Whitebacked Vulture Vulnerable - 
Torgos tracheliotus Lappetfaced Vulture - - 
Trigonoceps occipitalis Whiteheaded Vulture - - 
Milvus migrans Black Kite - - 
Milvus aegyptius Yellowbilled Kite - - 
Elanus caeruleus Blackshouldered Kite - - 
Pernis apivorus Honey Buzzard - - 
Aquila verreauxii Black Eagle - - 
Aquila rapax Tawny Eagle Vulnerable - 
Aquila nipalensis Steppe Eagle - - 
Aquila pomarina Lesser Spotted Eagle - - 
Aquila wahlbergi Wahlberg's Eagle - - 
Hieraaetus pennatus Booted Eagle - - 
Hieraaetus spilogaster African Hawk Eagle - - 
Hieraaetus ayresii Ayres' Eagle - - 

Polemaetus bellicosusǂ Martial Eagle Vulnerable - 
Circaetus cinereus Brown Snake Eagle - - 
Circaetus pectoralis Blackbreasted Snake Eagle - - 

Terathopius ecaudatusǂ Bateleur Vulnerable - 
Haliaeetus vocifer African Fish Eagle - - 
Buteo vulpinus Steppe Buzzard -  
Buteo rufofuscus Jackal Buzzard -  
Kaupifalco monogrammicus Lizard Buzzard -  
Accipiter ovampensis Ovambo Sparrowhawk -  
Accipiter minullus Little Sparrowhawk -  
Accipiter melanoleucus Black Sparrowhawk -  
Accipiter badius Little Banded Goshawk -  
Accipiter tachiro African Goshawk - - 
Melierax gabar Gabar Goshawk - - 
Melierax canorus Pale Chanting Goshawk - - 
Circus aeruginosus Eurasian Marsh Harrier - - 
Circus pygargus Montagu's Harrier - - 
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Circus macrourus Pallid Harrier - - 
Polyboroides typus Gymnogene - - 
Pandion haliaetus Osprey - - 

Falco peregrinusǂ Peregrine Falcon Near threatened Vulnerable 

Falco biarmicus Lanner Falcon Near threatened - 
Falco subbuteo Northern Hobby Falcon - - 
Falco vespertinus Western Redfooted Kestrel - - 
Falco amurensis Eastern Redfooted Kestrel - - 
Falco rupicolis Rock Kestrel - - 
Falco rupicoloides Greater Kestrel - - 
Falco naumanni Lesser Kestrel Vulnerable - 
Peliperdix coqui Coqui Francolin - - 
Dendroperdix sephaena Crested Francolin - - 
Pternistis natalensis Natal Francolin - - 
Pternistis swainsonii Swainson's Francolin - - 
Coturnix coturnix Common Quail - - 
Coturnix delegorguei Harlequin Quail - - 
Numida meleagris Helmeted Guineafowl - - 
Turnix sylvatica Kurrichane Buttonquail - - 
Crecopsis egregia African Crake - - 
Amaurornis flavirostris Black Crake - - 
Porzana porzana Spotted Crake - - 
Gallinula chloropus Common Moorhen - - 
Gallinula angulata Lesser Moorhen - - 
Fulica cristata Redknobbed Coot - - 
Podica senegalensis African Finfoot Vulnerable - 

Ardeotis koriǂ Kori Bustard Vulnerable Vulnerable 

Eupodotis ruficrista Redcrested Korhaan - - 
Eupodotis afraoides Whitewinged Korhaan  - - 
Actophilornis africanus African Jacana - - 
Rostratula benghalensis Painted Snipe Near threatened - 
Charadrius hiaticula Ringed Plover - - 
Charadrius pecuarius Kittlitz's Plover - - 
Charadrius tricollaris Threebanded Plover - - 
Charadrius asiaticus Caspian Plover - - 
Vanellus coronatus Crowned Plover - - 
Vanellus armatus Blacksmith Plover - - 
Vanellus albiceps Whitecrowned Plover Near threatened  
Vanellus senegallus Wattled Plover - - 
Arenaria interpres Ruddy Turnstone - - 
Actitis hypoleucos Common Sandpiper - - 
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Tringa ochropus Green Sandpiper - - 
Tringa glareola Wood Sandpiper - - 
Tringa stagnatilis Marsh Sandpiper - - 
Tringa nebularia Greenshank - - 
Calidris ferruginea Curlew Sandpiper - - 
Calidris minuta Little Stint - - 
Calidris alba Sanderling - - 
Philomachus pugnax Ruff - - 
Gallinago nigripennis Ethiopian Snipe - - 
Numenius phaeopus Whimbrel - - 
Recurvirostra avosetta Pied Avocet - - 
Himantopus himantopus Blackwinged Stilt - - 
Burhinus capensis Spotted Dikkop - - 
Burhinus vermiculatus Water Dikkop - - 
Cursorius temminckii Temminck's Courser - - 
Rhinoptilus cinctus Threebanded Courser - - 
Rhinoptilus chalcopterus Bronzewinged Courser - - 
Glareola nordmanni Blackwinged Pratincole - - 
Larus cirrocephalus Greyheaded Gull - - 
Chlidonias hybridus Whiskered Tern - - 
Chlidonias leucopterus Whitewinged Tern - - 
Pterocles burchelli Burchell's Sandgrouse - - 
Pterocles bicinctus Doublebanded Sandgrouse - - 
Columba livia Feral Pigeon - - 
Columba guinea Rock Pigeon - - 
Streptopelia semitorquata* Redeyed Dove - - 
Streptopelia capicola* Cape Turtle Dove - - 
Streptopelia senegalensis Laughing Dove - - 
Oena capensis Namaqua Dove - - 
Turtur chalcospilos Greenspotted Dove - - 
Treron calva African Green Pigeon - - 
Poicephalus meyeri Meyer's Parrot - - 
Corythaixoides concolor Grey Lourie - - 
Cuculus canorus Eurasian Cuckoo - - 
Cuculus gularis African Cuckoo - - 
Cuculus solitarius Redchested Cuckoo - - 
Cuculus clamosus Black Cuckoo - - 
Clamator glandarius Great Spotted Cuckoo - - 
Clamator levaillantii Striped Cuckoo - - 
Clamator jacobinus Jacobin Cuckoo - - 
Chrysococcyx klaas Klaas's Cuckoo - - 
Chrysococcyx caprius Diederik Cuckoo - - 
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Centropus burchellii Burchell's Coucal - - 
Tyto alba Barn Owl - - 
Asio capensis Marsh Owl - - 
Otus senegalensis African Scops Owl - - 
Ptilopsus granti Whitefaced Owl - - 
Glaucidium perlatum Pearlspotted Owl - - 
Bubo africanus Spotted Eagle Owl - - 
Bubo lacteus Giant Eagle Owl - - 
Caprimulgus europaeus Eurasian Nightjar - - 
Caprimulgus pectoralis Fierynecked Nightjar - - 
Caprimulgus rufigena Rufouscheeked Nightjar - - 
Caprimulgus tristigma Freckled Nightjar - - 
Apus apus Eurasian Swift - - 
Apus barbatus Black Swift - - 
Apus caffer Whiterumped Swift - - 
Apus horus Horus Swift - - 
Apus affinis Little Swift - - 
Tachymarptis melba Alpine Swift - - 
Cypsiurus parvus Palm Swift - - 
Colius striatus Speckled Mousebird - - 
Colius colius Whitebacked Mousebird - - 
Urocolius indicus Redfaced Mousebird - - 
Ceryle rudis Pied Kingfisher - - 
Megaceryle maxima Giant Kingfisher - - 
Alcedo semitorquata Halfcollared Kingfisher Near threatened - 
Alcedo cristata Malachite Kingfisher - - 
Ispidina picta Pygmy Kingfisher - - 
Halcyon senegalensis Woodland Kingfisher - - 
Halcyon albiventris Brownhooded Kingfisher - - 
Halcyon leucocephala Greyhooded Kingfisher - - 
Halcyon chelicuti Striped Kingfisher - - 
Merops apiaster Eurasian Bee-eater - - 
Merops persicus Bluecheeked Bee-eater - - 
Merops nubicoides Carmine Bee-eater - - 
Merops bullockoides Whitefronted Bee-eater - - 
Merops pusillus Little Bee-eater - - 
Merops hirundineus Swallowtailed Bee-eater - - 
Coracias garrulus Eurasian Roller - - 
Coracias caudata Lilacbreasted Roller - - 
Coracias naevia Purple Roller - - 
Eurystomus glaucurus Broadbilled Roller - - 
Upupa africana African Hoopoe - - 
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Phoeniculus purpureus Redbilled Woodhoopoe - - 
Rhinopomastus cyanomelas Scimitarbilled Woodhoopoe - - 
Tockus nasutus Grey Hornbill - - 
Tockus erythrorhynchus Redbilled Hornbill - - 
Tockus leucomelas Southern Yellowbilled Hornbill - - 

Bucorvus leadbeateriǂ Southern Ground Hornbill Vulnerable Protected 

Lybius torquatus Blackcollared Barbet - - 
Tricholaema leucomelas Pied Barbet - - 
Pogoniulus chrysoconus Yellowfronted Tinker Barbet - - 
Trachyphonus vaillantii Crested Barbet - - 
Indicator indicator Greater Honeyguide - - 
Indicator minor Lesser Honeyguide - - 
Prodotiscus regulus Sharpbilled Honeyguide - - 
Campethera bennettii Bennett's Woodpecker - - 
Campethera abingoni Goldentailed Woodpecker - - 
Dendropicos fuscescens Cardinal Woodpecker - - 
Dendropicos namaquus Bearded Woodpecker - - 
Jynx ruficollis Redthroated Wryneck - - 
Mirafra passerina Monotonous Lark - - 
Mirafra africana Rufousnaped Lark - - 
Calendulauda africanoides Fawncoloured Lark - - 
Calendulauda sabota Sabota Lark - - 
Pinarocorys nigricans Dusky Lark - - 
Calandrella cinerea Redcapped Lark - - 
Spizocorys conirostris Pinkbilled Lark - - 
Eremopterix leucotis Chestnutbacked Finchlark - - 
Eremopterix verticalis Greybacked Finchlark - - 
Hirundo rustica Eurasian Swallow - - 
Hirundo albigularis Whitethroated Swallow - - 
Hirundo dimidiata Pearlbreasted Swallow - - 
Hirundo semirufa Redbreasted Swallow - - 
Hirundo cucullata Greater Striped Swallow - - 
Hirundo abyssinica Lesser Striped Swallow - - 
Hirundo spilodera South African Cliff Swallow - - 
Hirundo fuligula Rock Martin - - 
Delichon urbica House Martin - - 
Riparia riparia Sand Martin - - 
Riparia paludicola Brownthroated Martin - - 
Riparia cincta Banded Martin - - 
Campephaga flava Black Cuckooshrike - - 
Dicrurus adsimilis Forktailed Drongo - - 
Oriolus oriolus Eurasian Golden Oriole - - 
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Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Oriolus larvatus Blackheaded Oriole - - 
Corvus albus* Pied Crow - - 
Parus cinerascens Ashy Tit - - 
Parus niger Southern Black Tit - - 
Anthoscopus minutus Cape Penduline Tit - - 
Anthoscopus caroli Grey Penduline Tit - - 
Turdoides jardineii Arrowmarked Babbler - - 
Turdoides bicolor Pied Babbler - - 
Pycnonotus nigricans Redeyed Bulbul - - 
Pycnonotus tricolor* Blackeyed Bulbul - - 
Phyllastrephus terrestris Terrestrial Bulbul - - 
Chlorocichla flaviventris Yellowbellied Bulbul - - 
Turdus libonyanus Kurrichane Thrush - - 
Psophocichla litsipsirupa Groundscraper Thrush - - 
Oenanthe monticola Mountain Chat - - 
Oenanthe pileata Capped Wheatear - - 
Cercomela familiaris Familiar Chat - - 
Thamnolaea 
cinnamomeiventris Mocking Chat - - 

Myrmecocichla formicivora Anteating Chat - - 
Saxicola torquata Stonechat - - 
Cossypha caffra Cape Robin - - 
Cossypha humeralis Whitethroated Robin - - 
Cercotrichas leucophrys Whitebrowed Robin - - 
Cercotrichas paena Kalahari Robin - - 
Sylvia borin Garden Warbler - - 
Sylvia communis Whitethroat - - 
Parisoma subcaeruleum Titbabbler - - 
Hippolais icterina Icterine Warbler - - 
Hippolais olivetorum Olivetree Warbler - - 
Acrocephalus arundinaceus Great Reed Warbler - - 
Acrocephalus baeticatus African Marsh Warbler - - 
Acrocephalus palustris Eurasian Marsh Warbler - - 
Acrocephalus schoenobaenus Eurasian Sedge Warbler - - 
Acrocephalus gracilirostris Cape Reed Warbler - - 
Bradypterus baboecala African Sedge Warbler - - 
Phylloscopus trochilus Willow Warbler - - 
Apalis thoracica Barthroated Apalis - - 
Sylvietta rufescens Longbilled Crombec - - 
Eremomela icteropygialis Yellowbellied Eremomela - - 
Eremomela usticollis Burntnecked Eremomela - - 
Camaroptera brevicaudata Greybacked BleatingWarbler  - - 



 
SENSITIVITY ANALYSIS 

 

January 2012 
Report No. 11613540-11192-1 9 

 

Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Calamonastes fasciolatus Desert Barred Warbler - - 
Cisticola juncidis Fantailed Cisticola - - 
Cisticola aridulus Desert Cisticola - - 
Cisticola rufilatus Tinkling Cisticola - - 
Cisticola chinianus Rattling Cisticola - - 
Cisticola erythrops Redfaced Cisticola - - 
Cisticola tinniens Levaillant's Cisticola - - 
Cisticola aberrans Lazy Cisticola - - 
Cisticola fulvicapillus Neddicky - - 
Prinia subflava Tawnyflanked Prinia - - 
Prinia flavicans Blackchested Prinia - - 
Muscicapa striata Spotted Flycatcher - - 
Muscicapa caerulescens Bluegrey Flycatcher - - 
Myioparus plumbeus Fantailed Flycatcher - - 
Melaenornis pammelaina Black Flycatcher - - 
Bradornis mariquensis Marico Flycatcher - - 
Bradornis pallidus Pallid Flycatcher - - 
Sigelus silens Fiscal Flycatcher - - 
Batis molitor Chinspot Batis - - 
Stenostira scita Fairy Flycatcher - - 
Terpsiphone viridis Paradise Flycatcher - - 
Motacilla aguimp African Pied Wagtail - - 
Motacilla capensis Cape Wagtail - - 
Motacilla flava Yellow Wagtail - - 
Anthus cinnamomeus Grassveld Pipit - - 
Anthus similis Longbilled Pipit - - 
Anthus leucophrys Plainbacked Pipit - - 
Anthus vaalensis Buffy Pipit - - 
Anthus lineiventris Striped Pipit - - 
Anthus trivialis Tree Pipit - - 
Anthus caffer Bushveld Pipit - - 
Lanius minor Lesser Grey Shrike - - 
Lanius collaris Fiscal Shrike - - 
Lanius collurio Redbacked Shrike - - 
Corvinella melanoleuca Longtailed Shrike - - 
Laniarius ferrugineus Southern Boubou - - 
Laniarius aethiopicus Tropical Boubou - - 
Laniarius atrococcineus Crimsonbreasted Shrike - - 
Dryoscopus cubla Puffback - - 
Nilaus afer Brubru - - 
Tchagra australis Threestreaked Tchagra - - 
Tchagra senegala Blackcrowned Tchagra - - 
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Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Telophorus sulfureopectus Orangebreasted Bush Shrike - - 
Malaconotus blanchoti Greyheaded Bush Shrike - - 
Prionops plumatus White Helmetshrike - - 
Eurocephalus anguitimens Whitecrowned Shrike - - 
Creatophora cinerea Wattled Starling - - 
Cinnyricinclus leucogaster Plumcoloured Starling - - 
Lamprotornis australis Burchell's Starling - - 
Lamprotornis mevesii Longtailed Starling - - 
Lamprotornis nitens Glossy Starling - - 
Lamprotornis chalybaeus Greater Blue-eared Starling - - 
Onychognathus morio* Redwinged Starling - - 
Buphagus erythrorhynchus Redbilled Oxpecker - - 
Cinnyris mariquensis Marico Sunbird - - 
Cinnyris talatala Whitebellied Sunbird - - 
Chalcomitra amethystina Black Sunbird - - 
Zosterops virens Cape White-eye - - 
Bubalornis niger Redbilled Buffalo Weaver - - 
Plocepasser mahali Whitebrowed Sparrowweaver - - 
Passer domesticus House Sparrow - - 
Passer motitensis Great Sparrow - - 
Passer melanurus* Cape Sparrow - - 
Passer diffusus Southern Greyheaded Sparrow - - 
Petronia superciliaris Yellowthroated Sparrow - - 
Sporopipes squamifrons Scalyfeathered Finch - - 
Ploceus ocularis Spectacled Weaver - - 
Ploceus cucullatus* Spottedbacked Weaver - - 
Ploceus capensis* Cape Weaver - - 
Ploceus velatus* Masked Weaver - - 
Ploceus intermedius Lesser Masked Weaver - - 
Anaplectes rubriceps Redheaded Weaver - - 
Anomalospiza imberbis Cuckoofinch - - 
Quelea quelea* Redbilled Quelea - - 
Euplectes orix Red Bishop - - 
Euplectes afer Golden Bishop - - 
Euplectes albonotatus Whitewinged Widow - - 
Euplectes ardens Redcollared Widow - - 
Pytilia melba Melba Finch - - 
Lagonosticta rhodopareia Jameson's Firefinch - - 
Lagonosticta senegala Redbilled Firefinch - - 
Uraeginthus angolensis Blue Waxbill - - 
Granatina granatina Violeteared Waxbill - - 
Estrilda astrild Common Waxbill - - 
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Scientific English Name  IUCN Status 
(2011) 

NEM:BA 
Threatened and 
Protected 
Species List  
(2007) 

Estrilda erythronotos Blackcheeked Waxbill - - 
Ortygospiza atricollis Quail Finch - - 
Amandava subflava Orangebreasted Waxbill - - 
Amadina fasciata Cutthroat Finch - - 
Amadina erythrocephala Redheaded Finch - - 
Lonchura cucullata Bronze Mannikin - - 
Vidua macroura Pintailed Whydah - - 
Vidua regia Shafttailed Whydah - - 
Vidua paradisaea Paradise Whydah - - 
Vidua funerea Black Widowfinch - - 
Vidua purpurascens Purple Widowfinch - - 
Vidua chalybeata Steelblue Widowfinch - - 
Serinus mozambicus Yelloweyed Canary - - 
Serinus atrogularis Blackthroated Canary - - 
Serinus flaviventris Yellow Canary - - 
Serinus gularis Streakyheaded Canary - - 
Emberiza flaviventris Goldenbreasted Bunting - - 
Emberiza capensis Cape Bunting - - 
Emberiza tahapisi Rock Bunting - - 
Emberiza impetuani Larklike Bunting - - 
ǂ - Specially protected species according to Schedule 2 of the Limpopo Environmental Management Act (No. 
7 of 2003).  

*- Species not protected according to Schedule 2 of the Limpopo Environmental Management Act (No. 7 of 
2003) 

Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, 
Exxaro Resources Limited 
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APPENDIX F  
List of herpetofauna species that may potentially occur in the 
study area 
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Reptiles 

Species name Common name  IUCN 
Status 

Limpopo 
Protected 
Species 
List (2003) 

Rhinotyphlops lalandei Delalande's Blind Snake - - 
Leptotyphlops scutifrons Peter's Thread Snake - - 
Python natalensis Southern African Python Vulnerable Protected 
Lamprophis capensis Southern Brown House Snake - - 
Lycophidion capense Cape Wolf Snake - - 
Mehelya capensis Cape File Snake - - 
Pseudaspis cana Mole Snake - - 
Prosymna bivittata Two-striped Shovel-snout - - 
Psammophis brevirostris Short-Snouted Grass Snake - - 
Psammophis subtaeniatus Stripe-Bellied Sand Snake - - 
Psammophis leightoni Namib Sand Snake - - 
Xenocalamis bicolor Bicoloured Quill-Snouted Snake - - 
Aparallactus capensis Cape Centipede Eater - - 
Amblyodipsas polylepis Common Purple-Glossed Snake - - 
Dasypeltis scabra Common Egg Eater - - 
Telescopus semiannulatus Eastern Tiger Snake - - 
Philothamnus semivariegatus Spotted Bush Snake - - 
Dispholidus typus Boomslang - - 
Thelotornis capensis Twig Snake - - 
Aspidelaps scutatus Sheild-Nose Snake - - 
Elapsoidae boulengeri Boulenger's Garter Snake - - 
Naja mossambica Mozambique Spitting Cobra - - 
Naja annulifera Snouted Cobra - - 
Dendroaspis polylepis Black Mamba - - 
Bitis arietans Puff Adder - - 
Mabuya capensis Cape Skink - - 
Mabuya varia Variable Skink - - 
Mabuya striata complex Striped Skink - - 
Heliobolus lugubris Bushveld Lizard - - 
Nucrus intertexta Spotted Sandveld Lizard - - 
Pedioplanis lineoocellata Spotted Sand Lizard - - 
Gerrhosaurus flavigularis Yellow-Throated Plated Lizard - - 
Cordylus tropidosternum Tropical Girdled Lizard - - 
Varanus niloticus Water Monitor - - 
Varanus albigularis Rock Monitor - - 
Agama aculeata Ground Agama - - 
Chamaeleo dilepsis Flap-Necked Chameleon - - 
Hemidactylus mabouia Tropical House Gecko - - 
Lygodactylus capensis Cape Dwarf Day Gecko - - 
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Homopholus wahlbergii Wahlberg's Velvet Gecko - - 
Pachydactylus turneri Turner's Thick-Toed Gecko - - 

Zygaspis quadrifrons Kalahari Round-Headed Worm 
Lizard - - 

Monopeltis capensis Cape Spade-Snouted Worm Lizard - - 
Crocodylus niloticus Nile Crocodile Vulnerable - 
Pelusios sinuatus Serrated Hinged Terrapin - - 
Pelomedusa subrufa Marsh Terrapin - - 
Geochelone pardalis Leopard Tortoise - - 
Psammobates oculiferus Kalahari Tent Tortoise - - 
Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, 
Exxaro Resources Limited 
 

Amphibians 

Scientific name Common name  IUCN Status (2011)

NEM:BA 
Threatened 
and 
Protected 
Species 
List  (2007) 

Limpopo 
Protected 
Species 
List (2003) 

Bufo fenoulheti Northern Pygmy Toad - - - 
Bufo maculatus Flat-Backed Toad - - - 
Bufo poweri Western Olive Toad - - - 
Schisaderma carens Red Toad - - - 
Kassinam senegalensis Bubbling Kassina - - - 
Breviceps adspersus Bushveld Rain Frog - - - 
Phrynomantis bifasciatus Banded Rubber Frog - - - 
Xenopus laevis Common Platanna - - - 
Cacosternum boettgeri Common Caco - - - 
Chiromantis xerampelina Foam Nest Frog - - - 
Hildebrandtia ornata  Ornate Frog - - - 
Phrynobatrachus natalensis Snoring Puddle Frog - - - 
Ptychadena anchietae Plain Grass Frog - - - 
Ptychadena mossambica Broad-Banded Grass Frog - - - 
Pyxicephalus adspersus Giant Bullfrog Near-threatened Protected Protected 
Tomopterna cryptotis Tremolo Sand Frog - - - 
Pyxicephalus edulis African Bullfrog - - - 
Tomopterna krugerensis Knocking Sand Frog - - - 
Source: Desktop study of fauna and flora for Grootegeluk Coal Mine (2009) – Compiled by Koos Smit, 
Exxaro Resources Limited  
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APPENDIX G  
Location of protected trees recorded in study area 
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Species  Co-ordinates 

Sclerocarya birrea S23 39.358 
E27 33.716 

Sclerocarya birrea S23 39.355 
E27 33.714 

Sclerocarya birrea S23 39.333 
E27 33.745 

Sclerocarya birrea S23 39.331 
E27 33.747 

Sclerocarya birrea S23 39.324 
E27 33.742 

Sclerocarya birrea S23 39.323 
E27 33.742 

Sclerocarya birrea S23 39.323 
E27 33.761 

Sclerocarya birrea S23 39.295 
E27 33.781 

Sclerocarya birrea S23 39.277 
E27 33.786 

Sclerocarya birrea S23 39.273 
E27 33.796 

Sclerocarya birrea S23 39.297 
E27 33.739  

Sclerocarya birrea S23 39.331 
E27 33.710 

Sclerocarya birrea S23 39.246 
E27 33.788 

Sclerocarya birrea S23 39.318 
E27 33.840 

Sclerocarya birrea S23 39.423 
E27 33.935 

Sclerocarya birrea S23 39.421 
E27 33.952 

Sclerocarya birrea S23 39.424 
E27 33.958 

Sclerocarya birrea S23 39.436 
E27 33.969 

Sclerocarya birrea S23 39.431 
E27 33.992 

Sclerocarya birrea S23 39.436 
E27 33.998 

Sclerocarya birrea S23 39.443 
E27 33.992 

Sclerocarya birrea S23 39.442 
E27 34.000 

Sclerocarya birrea S23 39.442 
E27 34.002 

Sclerocarya birrea S23 39.448 
E27 34.014 



 
SENSITIVITY ANALYSIS 

 

January 2012 
Report No. 11613540-11192-1 17 

 

Species  Co-ordinates 

Sclerocarya birrea S23 39.466 
E27 34.041 

Sclerocarya birrea S23 39.477 
E27 34.061 

Sclerocarya birrea S23 39.498 
E27 34.092 

Sclerocarya birrea S23 39.530 
E27 34.175 

Sclerocarya birrea S23 39.477 
E27 34.126 

Sclerocarya birrea S23 39.486 
E27 34.110 

Sclerocarya birrea S23 39.484 
E27 34.107 

Sclerocarya birrea S23 39.481 
E27 34.107 

Sclerocarya birrea S23 39.423 
E27 34.031 

Sclerocarya birrea S23 39.425 
E27 34.026 

Sclerocarya birrea S23 39.406 
E27 33.978 

Sclerocarya birrea S23 39.595 
E27 33.944 

Sclerocarya birrea S23 39.586 
E27 33.976 

Combretum imberbe S23 39.544 
E27 33.934 

Combretum imberbe S23 39.344 
E27 33.731 

Combretum imberbe S23 39.586 
E27 33.926 

Combretum imberbe S23 39.516 
E27 34.170 

Combretum imberbe S23 39.499 
E27 34.163 

Combretum imberbe S23 39.502 
E27 34.116 

Combretum imberbe S23 39.541 
E27 34.181 

Combretum imberbe S23 39.528 
E27 34.172 

Combretum imberbe S23 39.473 
E27 34.087 

Combretum imberbe S23 39.333 
E27 33.754 

Combretum imberbe S23 39.334 
E27 33.755 
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APPENDIX H  
Document Limitations 
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DOCUMENT LIMITATIONS 
This Document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following 
limitations: 

 

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.  

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. 

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.   

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.   

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. 

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. 

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. 
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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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I 

EXECUTIVE SUMMARY 
 
Grootegeluk Coal Mine, owned by Exxaro Coal (Pty) Ltd, situated near Lephalale within the north-
western portion of the Limpopo Province is currently undergoing an EIA process for the backfilling 
of their existing opencast coal mining pit. In addition to this project, extension of the pit will 
commence to the west and south of the existing pit. 
 
NSS was commissioned by Synergistics Environmental Services, the EAPs conducting the EIA on 
behalf of Exxaro, for the following: 
 

 Phase 1 - Desktop Review and an Autumn Ecological Scan of 23 farms covering an area of 
approx. 24 000 ha.  

 Phase 2 - A Summer Field investigation and Detailed Ecological Report for 14 of the 23 
farms, covering an area of approx. 14,500 ha. 

 The detailed Ecological Report will include discussions on the impacts that the pit 
expansion and material borrowing will have on sensitive species and ecosystems and will 
suggest potential mitigation measures.  

 NSS was also asked by Redco to provide plant species information for input into their 
Rehabilitation Plan. NSS will also be available to provide further input to Redco should they 
require. 

 
The draft Biodiversity Assessment report was submitted by NSS to Synergistics on the 2nd March 
2010. To date, no comments were received from Exxaro and the report was finalised on 7th 
September 2011. 
 
A summary of the results obtained from the two field assessments in April 2009 and January 2010, 
are as follows: 
 
As far as the vegetation is concerned, the regional vegetation for the area is the Limpopo Sweet 
Bushveld, code SVcb 19, as described by Mucina and Rutherford (2006). More specifically, the 
study area was divided into three habitats with six (6) vegetation units: 
 
 
 
 
 
 
 
 
 

COPYRIGHT WARNING 
With very few exceptions the copyright of all text and presented information is the exclusive property of Natural 
Scientific Services. It is a criminal offence to reproduce and/or use, without written consent, any information, technical 
procedure and/or technique contained in this document. Criminal and civil proceedings will be taken as a matter of strict 
routine against any person and/or institution infringing the copyright of Natural Scientific Services. 
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A total of 174 plant species were positively identified in the study area, made up of the following 
proportions: 

Geophytes 
(6%)

Succulents & 
cacti (7%)

Grasses & 
sedges 
(22% )

Shrubs 
(21% )

Trees 
(19% ) Forbs 

(28% )

 
The SANBI Plants of South Africa (POSA) database lists five plant species with a Red Data status 
as occurring within the two QDS which the study area overlaps. The only species in this list 
identified in the study area was Acacia erioloba (Camel thorn tree), which was found to be 
widespread.  None of the other species are considered likely to occur in the study area. In terms of 
other species of conservation importance:  

• No species listed by NEMBA TOPS were found within the study area 
• Sclerocarya birrea (Marula tree) is the only species found in the study area that is listed 

as protected under the Limpopo Environmental Management Act, 2003. 
• Six tree species identified in the study area  appear on the national list of declared 

protected tree species as promulgated by the National Forests Act, 1998 (No 84 of 
1998).  

1. Boscia albitrunca - Lycium schizocalyx open clay 
woodlands (Veg. plots: 1, 3, 12, 13, 22; 24)

2. Acacia nigrescens - Melhania acuminata dense clay 
woodlands (Veg. plots: 23, 25 - 28)

4. Spirostachys africana - Acacia gradicornuta clumps 
(Veg. plots: 15, 16)

3. Pappea capensis – Croton gratissimus rocky kopjie 
(Veg. plot: 14)

5. Acacia erioloba - Gymnosporia senegalensis closed 
woody thickets (Veg. plots: 17, 18)

6. Terminalia sericea – Digitaria eriantha Kalahari 
sand woodlands (Veg. plots: 4 - 6, 8 - 11, 19, 20, 

Clay 
soil 

Rocky 
habitat 

Kalahari 
sand  
habitats 
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28% of the plant species recorded within the study area have documented medicinal uses (locally 
or nationally), a further 1.7% of the species are edible to man and 5% have economic uses. 
 
In terms of animals, the study area and adjacent farms are rich in faunal diversity, the following 
species numbers per group were confirmed: 

• Mammals – 49 species, including species in managed and/or introduced populations  
• Birds – 159 species 
• Reptiles – 28 species 
• Amphibians – 13 species 
• Macro-invertebrates – 48 families and species 

 
Faunal species of conservation importance included IUCN Red Data listed species, CITIES listed 
species, NEMA TOPS and LEDET’s PWA and SPWA species. The following numbers of 
conservation important animals were confirmed or highly likely to occur within the area: 

• Mammals – 26 species, including species in managed and/or introduced populations  
• Birds – 14 species 
• Reptiles – 3 species 
• Amphibians – 2 species 
• Macro-invertebrates – 7 genera 

 
The study area was mapped into HIGH, MEDIUM and LOW Areas of Concern (AoC) based on the 
ecological sensitivity. Areas of HIGH Concern included all clay pan areas, Nelson’s Kop and the 
Manketti tree clumps. 
 
The following potential impacts on biodiversity within the study area were identified and discussed: 

• Degradation, reduction and loss of terrestrial habitat 
• Habitat fragmentation 
• Dispersal of species and changes in the community structure due to: 
• Death or illness of species due to: 
• Invasion of alien species 
• Influx of people, settlements and associated infrastructure 
• Loss of conservation important taxa 

 
In order to reduce the above impacts, the following mitigation measures were recommended and 
discussed: 

• Confinement 
• Rehabilitation Plan 
• Conservation and Land Management Plan 
• Biodiversity Offset 
• Mega-corridor 
• Permits Required 
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1. INTRODUCTION 
 
Grootegeluk Coal Mine, owned by Exxaro Coal (Pty) Ltd is situated near Lephalale within 
the north-western portion of the Limpopo Province. They are currently investigating the 
potential backfilling of discard and other material into open pits and the rehabilitation of 
these pits and materials borrow pits. In order to achieve sustainable rehabilitation, 
adequate cover (rich in clay material) and fertile topsoil will need to be sourced from a 
surrounding area. In view of the intended pit rehabilitation and material borrowing, 
certain environmental authorizations need to be obtained. Various specialist inputs will 
be required for the environmental processes and successful rehabilitation, and as such, 
Synergistics Environmental Services approached NSS to investigate the terrestrial 
ecological components of the project.  
 
In addition, an extension of the opencast mine is planned. Approval for this extension 
has already been granted by the Department for Minerals and Energy. Extension of the 
pit will occur in a southerly and westerly direction, with three sections of different depths 
to the pit being planned. Coal reserves run deeper to the north of the pit, and future 
mining of these reserves would be through an underground approach. 
 

2. TERMS OF REFERENCE 
 
The original Scope of Work (SoW) for the project that was based on a meeting with 
Synergistics on the 4th July 2008, and on the Exxaro Tender Enquiry H7559, was 
originally supposed to include: 
 

 A phased terrestrial ecological assessment on approximately 40km² (4 000 ha) of 
un-mined or “natural” land; 

 A re-vegetation and maintenance plan for the 4 000 ha potential topsoil borrow 
area. 

 A re-vegetation and maintenance plan for the existing approximately 50km2 
(5000 ha) opencast mining and materials borrow area 

 
However, as the project needs have become clearer and due to a delay in the order for 
the biodiversity assessment, the SoW changed and NSS was commissioned in early 
2009 for the following: 
 

 Phase 1 - Desktop Review and an Autumn Ecological Scan of 23 farms covering 
an area of 24 090 ha.  
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 Phase 2 - A Summer Field investigation and Detailed Ecological Report for 14 of 
the 23 farms, an area of 14 500 ha. 

 The Detailed Ecological Report will include discussions on the impacts that the pit 
expansion and material borrowing will have on sensitive species and ecosystems 
and will suggest potential mitigation measures.  

 NSS was also asked by Redco to provide plant species information for input into 
their Rehabilitation Plan. NSS will also be available to provide further input to 
Redco should they require. 

 

3. PROJECT TEAM 
 
This Biodiversity Assessment was conducted and managed by NSS. NSS is a female 
driven company with a 100% HDI (Historically Disadvantaged Individuals) status.   
 
The NSS team have over 40 years combined experience in project management and 
fieldwork for numerous ecological studies (fauna & flora), surface water quality 
assessments, wetland assessments, Environmental Impact Assessments (EIAs), 
Environmental Management Programme Reports (EMPRs) and Environmental 
Management Plans (EMPs) for the Conservation, Mining, Waste, Commercial and 
Industrial sectors. All senior scientists at NSS are registered Professional Natural 
Scientists covering the fields of ecological, environmental and zoological science.  Ms 
MacEwan, Ms Brink and Mr Bredin are accredited with DWAF to perform the SASS 
macro-invertebrate monitoring method in South Africa. Ms Taggart and Mr Bredin are 
DWAF accredited as competent wetland ecologists. 
 
The details of the team involved in the current project are included in Table 3.1. 
 
Table 3.1 Project team with associated areas of specialisation 

SPECIALIST ASPECTS 
INVESTIGATED QUALIFICATIONS FIELD SURVEYS 

Kate MacEwan  
 

Faunal specialist MSc in progress 
BSc Honours – Zoology  
PrSciNat Registered – Zoology & 
Environmental Science 
DWAF Accredited – SASS 
Macro-invertebrate monitoring 
 

20 - 21 Apr 2009 
11 - 15 Jan 2010 

Andrew Cauldwell Floral & Faunal 
specialist 

MSc Wildlife management 
PrSciNat Registered – Ecology 
 

20 - 21 Apr 2009 
11 - 15 Jan 2010 

Carien van Dam Field Assistant 
GIS Mapping 

BSc (Hons) Geography 
MSc Environmental Science – in 
progress 
 

11 - 15 Jan 2010 

 



Grootegeluk Mine  - Biodiversity Assessment 

NATURAL SCIENTIFIC SERVICES CC 

3 

4. LEGISLATION APPLICABLE TO BIODIVERSITY 

AND ECOLOGICAL SYSTEMS 
 
The legislation, policies and guidelines listed below are applicable to the current project 
in terms of biodiversity and ecological systems only. The list below, although extensive, 
may not be complete and other legislation, policies and guidelines may apply in addition 
to these. Explanation of certain documents or organisation is provided where these have 
a high degree of relevance and are referred to in the current study. 
 

4.1 International Level 
• Convention on Biological Diversity (Rio de Janeiro, 1992) 
• The Ramsar Convention (on wetlands of international importance especially 

as waterfowl habitat) 
• United Nations Convention to Combat Desertification 
• New Partnership for Africa’s Development (NEPAD) 
• The Bonn Convention (on conservation of migratory species of wild 

animals) 
• The World Heritage Convention 
• The Convention on International Trade in Endangered Species of Wild 

Fauna and Flora (CITES) 
CITES is an international agreement between governments. Its aim is to ensure 
that international trade in specimens of wild animals and plants does not threaten 
their survival. 

• The IUCN (World Conservation Union) 
The Union’s mission is to influence, encourage and assist societies throughout 
the world to conserve the integrity and diversity of nature and to ensure that any 
use of natural resources is equitable and ecologically sustainable. 

• The United Nations : Agenda 21, Rio +5 and the Johannesburg summit 
• World Summit on Sustainable Development 
 

4.2 Regional Level 
• The Action Plan of the Environmental Initiative of NEPAD (the New 

Partnership for Africa’s Development), 2003  
 

4.3 National Level 
• Constitution of the Republic of South Africa (Act 108 of 1996) 
• National Environmental Management Act, 1998 (Act 107 of 1998) 
• National Environmental Management: Biodiversity Act, 2004 (Act 10 of 

2004) 
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Although South Africa became a signatory to the Convention of Biological 
Diversity in 1998, the enactment of recent national legislation has affirmed our 
countries commitment to biodiversity and conservation. The National 
Environmental Management: Biodiversity Act, 2004 (Act No.10 of 2004) has been 
assented by the South African President and was published in the Government 
Gazette in June 2004 (Vol. 467; No. 26426). One of the objectives of this Act is to 
provide for the management and conservation of South Africa’s biodiversity within 
the framework of the National Environmental Management Act, 1998 (Act No. 
107 of 1998) and to ensure the sustainable use of indigenous biological 
resources.  

• National Environmental Management: Biodiversity Act, 2004: Threatened 
and Protected Species Regulations  
Chapter 4, Part 2 of NEMA Biodiversity Act, 2004 (Act No. 10, 2004) provides for 
listing of species that are threatened or in need of protection to ensure their 
survival in the wild, while regulating the activities, including trade, which may 
involve such listed threatened or protected species and activities which may have 
a potential impact on their long-term survival. In February 2007, this was 
achieved as the Minister of Environmental Affairs and Tourism published a list of 
CR, EN, VU and Protected Species (PS), according to Section 56(1) of the Act. 

• National Environmental Management: Protected Areas Act, 2003 (Act 57 of 
2003) 

• Environmental Conservation Act, 1989 (ECA), (Act no. 73 of 1989) 
• National Water Act, 1998 (Act 36 of 1998) 
• DWAF Position Paper on Wetland Management (Draft Legislation) 
• National Forests Act, 1998 (Act 84 of 1998), specifically with reference to 

Protected Tree species 
One of the objectives of this Act is to provide special measures for the protection 
of certain forests and tree species and to promote the sustainable use of forests 
for environmental, economic, educational, recreational, cultural, health and 
spiritual purposes.  In terms of section 15(1) of the National Forests Act, 1998, 
forest trees or protected tree species may not be cut, disturbed, damaged, 
destroyed and their products may not be possessed, collected, removed, 
transported, exported, donated, purchased or sold – except under license granted 
by the Department of Water Affairs and Forestry (or a delegated authority). 
 
Therefore a Government Notice was issued in 2005 listing the protected trees 
within the borders of South Africa [Notice No. 767 Notice of List of Protected Tree 
Species under the National Forests Act, 1998 (Act No. 84 Of 1998) 5 August 
2005]. The criteria used to select tree species for inclusion in the protected tree 
list were:  

• Red List Status (rare or threatened species);   
• Keystone Species Value (species that play a dominant role in an 

ecosystem’s functioning);   
• Sustainability of Use (species that is threatened by heavy use of its 

products such as timber, bark etc);   
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• Cultural or Spiritual Importance (outstanding landscape value or spiritual 
meaning attached to certain tree species); and   

• Other Legislation (whether a species is already adequately protected by other 
legislation). 

• National Heritage Resources Act, 1999 (Act 25 of 1999) 
• Conservation of Agricultural Resources Act, 1983 (Act 43 of 1983) 

In 1984, regulations were passed in terms of the Conservation of Agricultural 
Resources Act (CARA) regulations declaring about 50 species as “weeds” or “invader 
plants”.  On 30 March 2001 the Minister of Agriculture promulgated an amendment to 
these regulations.  This amendment now contains a comprehensive list of species that 
are declared weeds and invader plants dividing them into three categories. These 
categories are as follows: 

• Category 1: Declared weeds that are prohibited on any land or water 
surface in South Africa. These species must be controlled, or eradicated where 
possible. 

• Category 2: Declared invader species that are only allowed in demarcated 
areas under controlled conditions and prohibited within 30m of the 1:50 year 
floodline of any watercourse or wetland. 

• Category 3: Declared invader species that may remain, but must be 
prevented from spreading. No further planting of these species are allowed. 

• Sustainable Utilisation of Agricultural Resources (Draft Legislation) 
 
4.3.1 National Policy and Guidelines 

• South Africa’s National Biodiversity Strategy and Action Plan (NBSAP) 
• National Spatial Biodiversity Assessment (NSBA) 

The National Spatial Biodiversity Assessment (NSBA) was completed in 2004 and its 
main focus was on mainstreaming biodiversity priorities throughout the economy, and 
making links between biodiversity and socio–economic development. It is the first ever 
comprehensive spatial assessment of biodiversity throughout the country and has four 
components, dealing with the terrestrial, freshwater, estuarine and marine 
environments. 
There are several possible approaches to biodiversity planning. The approach used 
most often in South Africa, including in the NSBA, is systematic biodiversity planning. 
It is based on three key principles: 

• The need to conserve a representative sample of biodiversity pattern, such as 
species and habitats (the principle of representation). 

• The need to conserve the ecological and evolutionary processes that allow 
biodiversity to persist over time (the principle of persistence). 

• The need to set quantitative biodiversity targets that tell us how much of each 
biodiversity feature should be conserved in order to maintain functioning 
landscapes and seascapes. 

• River Health Program (RHP) or the National Aquatic Ecosystem Health 
Monitoring Programme (NAEHMP) 

• A Practical Field Procedure for the Identification and Delineation of Wetlands 
and Riparian Areas (DWAF, 2005) 
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• Wet – EcoServices (Kotze et al., 2007)\ 
• The Manual for the assessment of a Wetland Index of Habitat Integrity (DWAF, 

2007) 
 

4.4 Provincial and Municipal Level 
 

4.4.1 Limpopo Environmental Management Act, 2003 (Act No. 7 of 2003).  

This Act repealed the former Lebowa, Gazankulu, Venda and Northern Province Acts and the 
Nature Conservation Ordinance (ordinance 12 of 1983). It provides the lists for protected and 
specially protected species under Schedule 2, 3 and 12 as well as the stipulation for permit 
applications to remove these species. Schedule 2 & 3 are provided in Appendix 1 of the 
current report. 
 
4.4.2 Limpopo State of Environment Overview, 2003 

This report provides a high-level overview of the State of the Environment in Limpopo (SOER 
Limpopo, 2003). 
 
4.4.3 Waterberg Environmental Management Plan 

This EMP provides for the protection of the environment and describes how activities that 
have, or could have, an adverse impact on the environment, should be mitigated, controlled, 
and monitored. The Waterberg EMP is a coarse-scale planning tool that outlines strategic 
objectives.  New development in the Waterberg District Municipality should be aligned with 
these objectives. 
 
4.4.4 Lephalale Spatial Development Framework 

The Lephalale Municipality compiled a Spatial Development Framework (SDF) with the 
purpose of guiding the form and location of future physical development within a Municipal 
area in order to address the imbalances of the past. This SDF identifies environmentally 
sensitive areas (e.g. mountain ridges, riverine environments) and makes recommendations 
regarding proposed developments in these areas.   
 
4.4.5 Lephalale Integrated Development Plan 

The role of an IDP is to facilitate local governments’ planning and municipal management.  
The IDP defines environmental sensitive areas in terms of protected areas in terms of 
national legislation (e.g. National Parks); and sensitive natural features (e.g. the Mokolo 
River). 
 
In addition, the IDP discusses an Integrated Environmental Management Programme which 
is aimed at sustainable development, i.e. ensuring that economic initiatives have a minimal 
impact on the local environment.  Accordingly, any new development in the area must be 
aligned with the IDP. 
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5. STUDY AREA 

5.1 Location 
 
The study area is situated in the Lephalale Local Municipality, Waterberg District, 
Limpopo Province, South Africa (Figure 5.2). The study area is located close to 
Lephalale Town (formerly known as Ellisras) and between the Mokolo River in the East 
and the Limpopo River in the North West.  The study area is covered by two 1:50 000 
topographical maps, namely 2327CB Steenbokpan and 2327DA Lephalale.  
 
The entire study area is made up of 23 farms covering an area of 24 090 ha, as shown 
on the 1: 50 000 topographical maps. These are listed in Table 5.1 and illustrated in 
Figure 5.3. The entire area with the exception of the central mine area was scanned 
during the first field visit of 20 to 21 Apr 2009. The detailed study conducted from 11 to 
15 January 2010 focussed on 14 of the farms as listed in Table 5.1 including the central 
mine area. 
 
Table 5.1 Farms of the study area, their sizes, ownership and dates assessed  

NAME AREA 
(ha) OWNERSHIP ECOSCAN,  

APR-2009 
DETAILED  

ASSESSMENT,  
JAN-2010 

Appelvlakte 448LQ 1,147 Exxaro x x 
Daarby 458LQ 1,197 Exxaro  x 
Eendragtpan 451LQ 1,203 Exxaro x x 
Enkelbult 462LQ 1,259 Exxaro   
Gelykebult 450LQ 1,145 Exxaro x x 
Gelykebult 455LQ 1,089 Exxaro x x 
Goedehoop 457LQ 1,039 Exxaro x x 
Graafwater 456LQ 1,147 Exxaro x x 
Grootegeluk 459LQ 1,072 Exxaro x x 
Grootestryd 465LQ 242 Exxaro x x 
Hangklip 508LQ 1,026 Exxaro  x 
Hieromtrent 460LQ 1,031 Exxaro x  
Jackhalsvley 309LQ 1,157 Private x  
Leeuwdrift 312LQ 1,017 Exxaro x x 
Mc Cabesvley 311LQ 1,078 Exxaro x  
Naauw Ontkommen 509LQ 892 Exxaro   
Nelsonkop 464LQ 1,155 Exxaro x x 
Onbelyk 257LQ 1,065 Exxaro x x 
Turfvlakte 463LQ 967 Exxaro x  
Vaalpensloop 313LQ 1,235 Private x  
Van Der Waltspan 310LQ 1,027 Private x  
Vooruit 449LQ 1,019 Exxaro x x 
Zaagput 307LQ 882 Private x  
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The study are a is made up of the central mine area, the greater mine area managed by 
Ferroland and four farms on the western side, namely Van der Walt’s Pan, Zaagput, 
Jackhalsvley and Vaalpensloop.  
 
Exxaro own a considerable area of land around the Grootegeluk Mine that is divided into 
a few sections under different forms of management. The bulk of the area is managed by 
Ferroland, a subsidiary company of Exxaro. Ferroland manage their land according to 
conservation principles and maintain breeding stocks of a variety of large wildlife 
species.  
 

5.2 Climate 
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Figure 5.1 Mean monthly temperatures (2009) and mean monthly rainfall data (2005 

to 2009) for Lephalale Town (Weather Underground, 2010) 
 
The study area is located in a summer rainfall area with very dry winters extending from 
May to September (Figure 5.1). Mean annual rainfall for the Limpopo Sweet Bushveld is 
stated by Mucina & Rutherford (2006) to range from 350 mm to 500 mm. Rainfall data 
averaged for Lephalale (formerly Ellisras) for the years 2005 to 2009 has averaged at 
316 mm with a maximum annual rainfall of 473 mm and a minimum of 101 mm (Weather 
Underground, 2010). 
 
Winter frosts are infrequent, and the mean maximum and minimum temperatures for 
Lephalale are 38.2 ºC and 2.1 ºC for December and June respectively (Mucina & 
Rutherford, 2006). 
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5.3 Geology and Soils 
The northern half of the Limpopo Sweet Bushveld vegetation type is dominated by 
gneiss, metasediments and metavolcanics of the Mlala Drift Group, Biet Bridge Complex 
and basalts of the Letaba Formation. Sandstone, siltstone and mudstone of the Clarens 
Formation (Karoo Supergroup), as well as of the Matlabas Supergroup are found in the 
south and west (Mucina & Rutherford, 2006).  
 
Soils in the study area are dominated by Kalahari sand, which ranges from a dull reddish 
colour to a pale white colour. Soils with calcrete and surface limestone layers, brownish 
sandy (Clovelly soil form) clayey loamey soils (Hutton soil form) are found on the plains 
and low lying areas, with shallow, gravelly, sandy soils on the slightly undulating areas. 
Localised areas of black clayey soils (Valsrivier or Arcadia soil forms) can occur (Mucina 
& Rutherford, 2006) but were not observed in the study area. 
 

5.4 Regional Vegetation 
The study area is located entirely within the Limpopo Sweet Bushveld, code SVcb 19 
(Figure 5.4) as described by Mucina and Rutherford (2006). This forms part of the 
Savanna Biome in South Africa, and was formerly classified as Arid Sweet Bushveld by 
Acocks (1953).  The typical vegetation consists of a short open woodland. In disturbed 
areas thickets of Acacia erubescens, Acacia mellifera and Dichrostachys cinerea are 
almost impenetrable. Important plant species are presented in Table 5.2. 
 
Table 5.2 Important plant species in the Sweet Limpopo Bushveld 
SPECIES 
GROUP IMPORTANT TAXA 

Tall trees Acacia robusta (d), Acacia burkei 
Small trees Acacia erubescens (d), A. fleckii (d), A. nilotica (d), A. Senegal var rostrata (d), 

Albizia anthelmintica (d), Boscia albitrunca (d), Combretum apiculatum (d), 
Terminalia sericea 

Tall shrubs Catophractes alexandri (d), Dichrostachys cinerea (d), Phaeoptilum spinosum 
(d), Rhigozum obovatum (d), Cadaba aphylla, Combretum hereroense, 
Commiphora pyracanthoides, Ehretia rigida subsp. rigida, Euclea undulate, 
Grewia flava, Gymnosporia senegalensis 

Low shrubs Acacia tenuispina (d), Commiphora africana, Felicia muricata, Gossypium 
herbaceum subsp. africanum, Leucospaera bainesii. 

Gramminoids Digitaria eriantha subsp. eriantha (d), Enneapogon cenchroides (d), Eragrostis 
lehmanniana (d), Panicum coloratum (d), Schmidtia pappophoroides (d), 
Aristida congesta, Cymbopogon nardus, Eragrostis pallens, E. rigidior, E. 
trichophora, Ischaemum afrum, Panicum maximum, Setaria verticillata, 
Stipagrostis uniplumis, Urochloa mosambicensis. 

Herbs Acanthosicyos naudinianus, Commelina benghalensis, Harpagophytum 
procumbens subsp. transvaalense, Hemizygia elliotii, Hermbstaedtia odorata, 
Indigofera daleoides. 

Succulent herbs Kleinia fulgens, Plectranthus neochilus 
Source: Mucina & Rutherford (2006) 
Key: (d) = dominant species; Species in Bold indicate those identified in the study area 
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The conservation status of the Limpopo Sweet Bushveld is classified as Least 
Threatened. About 5% of the vegetation type has been transformed, mainly by 
cultivation. The area is good for game and cattle farming due to the high grazing 
capacity of sweet veld.  
 

5.5 Land-use 
Land cover can be defined as “all the natural and human features that cover the earth’s 
immediate surface” (Fairbanks et al, 2000). From the Land Cover Database the study 
area is made up primarily of two land use types, namely (i) Forest and Woodland (58%) 
and (ii) Thicket and bushland (31%) as shown in Figure 5.5 and Table 5.3. These units 
do not correlate well with the vegetation assessment. These two land cover classes are 
therefore considered similar for the purpose of this study. Mines and quarries is one of 
the above mentioned human features comprising 10% of the study area, while Urban / 
built-up areas comprise a minor proportion of the study area. Based on the percentage of 
the Limpopo Sweet Bushveld that is currently conserved, and the conservation target 
mentioned above, it is important to note that 90% of the site is effectively untransformed. 
Due to the scale and age of the database, some currently transformed areas may not be 
detected. 
 
Table 5.3 Percentage Land Cover distribution within the study area 

LAND COVER TYPE COVER 
Forest and Woodland 58.2% 
Thicket & bushland (etc) 31.1% 
Mines & quarries 9.6% 
Cultivated: temporary - commercial dryland 0.9% 
Urban / built-up land: residential 0.1% 
Source: Land Cover database 
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Figure 5.2 Location of the study area relative to Lephalale Town 
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Figure 5.3 Boundaries and names of farms covering the study area  
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Figure 5.4 Boundaries of regional vegetation types around the study area 
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Figure 5.5 Land cover types in and around the study area 
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6. METHODOLOGY 
 

6.1 Limitations of the study 
 
Biodiversity assessments are usually constrained by resources such as surveying time 
and duration, financing and support, which are all interrelated. Constraints often drive the 
choice of an ecological sample over a complete census. A complete census is only 
feasible if: 

• The target population is small;  
• Measurement is not destructive;  
• The study area is small and well delineated; and  
• Unlimited resources are available. 

 
Limitations and uncertainties often exist within the various techniques adopted to assess 
the condition of natural ecosystems. It must be emphasized that for both flora and fauna, 
the absence of a certain species on site does not conclude that the species is not 
present at the site or in terms of animals, does not utilise the site or areas near by. 
Reasons for not finding certain species may be due to: 

• Sampling season does not coincide with flowering season of specific floral 
species; 

• The breeding season of animals does not correlate with the time of the survey; 
• Lack of suitable habitat and foraging potential on site for animal species; 
• The disturbed nature of the site; 
• The inconspicuous nature of the species (flora and fauna); or simply 
• Lack / low level of species presence; 
• Limited sample size due to extent of the area and financial constraints 

 
The draft Biodiversity Assessment report was submitted by NSS to Synergistics on the 2nd March 
2010. To date, no comments were received from Exxaro and the report was finalised on 7th 
September 2011. 
 

6.2 Methods for vegetation assessment  
 
For vegetation, floristic diversity is usually measured on individual plants, or other 
vegetative entities.  For this project, sample plots established in representative areas of 
vegetation were used to determine vegetation communities within the study area. 
 
6.2.1 Survey Methodology 

 



Grootegeluk Mine  - Biodiversity Assessment 

NATURAL SCIENTIFIC SERVICES CC 

16 

Georeferenced orthophotos were used to subjectively delineate areas of uniform 
vegetation structure. Sampling plots were used to determine vegetation communities 
within the study area using sampling plots of approximately 100 m2.  Data collected from 
a sampling plot entailed the compilation of a comprehensive list of plant taxa, where 
each taxon was assigned a cover-abundance estimate using the Braun-Blanquet 
approach (Mueller-Dombois & Ellenberg, 1974).  Seven cover-abundance categories 
were used as listed in Table 6.1.  Heavily impacted areas such as agricultural pastures, 
cultivated land and areas where intensive mining operations took place were not 
sampled. A total of 28 vegetation plots were sampled and considered sufficient to 
demonstrate the variation in vegetation entities. Their locations are presented in Figure 
6.1. Further random transect walks were conducted within the study area to ensure 
sampling of less abundant or localised species to assist with the compilation of a species 
inventory. 
 
Table 6.1 Braun-Blanquet Cover classes (Mueller-Dombois & Ellenberg, 1974) 

CLASS RANGE OF COVER (%) MEAN 
5 75-100 87.5 
4 50-75 62.5 
3 25-50 37.5 
2 5-25 15.0 
1 1-5 2.5 
+ <1 0.1 
r <<1 0.01 

 
The following parameters were also documented to aid the vegetation survey: 

• All plant taxa were identified at least to species level, many to subspecies level. 
Scientific names follow SANBI’s Plants of South Africa (POSA) website (2008);  

• A broad survey for Red Data plant taxa using TSP Red Data lists (2009); 
• The identification of plant species protected by provincial and national legislation; 
• A survey of plant species with medicinal, economic and/or cultural values; and 
• The identification of declared weeds and invader species as promulgated under 

the amended regulations (Regulation 15) of the Conservation of Agricultural 
Resources Act, 1983 (Act No.  43 of 1983). 

 
 
6.2.2 Data Analysis Methodology 

 
A TWINSPAN analysis (Hill, 1979) of the Braun Blanquet data representing cover 
abundance of species per sample plot was used to classify vegetation assemblages.  
The TWINSPAN analysis is used to assign associations between samples with the aim 
of objectively delineating groups or assemblages.  Therefore, sampling entities that 
group together (being more similar) are believed to have similar compositions. Species 
were sorted vertically to identify the characteristic species for the various assemblages. 
An Ordination using a Detrended Correspondence Analysis (DCA) of the same Braun 
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Blanquet data was used to determine proximity of relationships between sample entities, 
and to confirm the vegetation assemblages (plant communities) identified in the above 
TWINSPAN analysis.   
 
The Juice program for management, analysis and classification of ecological data 
(Version 7.0.41) was used to conduct the TWINSPAN analysis and DCA ordination 
(Tichy & Holt, 2006).  The R-Program was included as an add-on programme to Juice to 
conduct the DCA ordination. 
 
Vegetation was lightly sampled over 114 sampling points during a dry season ecoscan 
from 20 to 21 April 2009. These data were not used in the vegetation analysis described 
above, but were used to assist the mapping of vegetation units as presented in Figure 
6.1. 
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Figure 6.1 Layout of vegetation sampling plots in the study area 
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6.3 Terrestrial fauna methods 
 
Faunal species are generally good indicators of the biological integrity of an environment 
as their ability to move enables them to select their preferred habitats. Their presence 
thus indicates their preferred selection and provides a good indicator for the integrity of 
that habitat. 
 
 
6.3.1 Desktop study 

Desktop research for the current faunal project included compiling species lists for the 
Quarter Degree Squares (QDS) covered by the study area and where available, a review 
of updated Red Data faunal listings.  
 
Background lists of species (for mammals, reptiles and frogs) to be expected in the study 
area were generated using a combination of sources. The potential for occurrence for a 
species was determined by combining the results of previous NSS studies and 
knowledge of the biome and vegetation units of Mucina & Rutherford (2006) with the 
following sources: 

• For mammals, species distribution maps in Friedman & Daly (2004) were used. 
Species names were updated using the Durban Natural Science Museum 
(DNSM) Terrestrial Mammal Classification list (Taylor, 2009); 

• For frogs, species distribution maps of Minter et al. (2004) were used. Species 
names were updated using du Preez and Carruthers (2009); 

• For reptiles, species distribution maps published online by the South African 
Reptile Conservation Atlas (SARCA) (2009) were used.  

 
The following scale was used to assign a likelihood of occurrence (LoO) for each 
species:  

1 Present 
2 Highly likely to occur 
3 May occur 
4 Possible, but low likelihood of occurrence 
5 May occur as a managed or introduced population (mammals only) 
 
Species unlikely to occur were excluded from the list  

 
QDS information using a combination of the First and Second South African Bird Atlas 
Projects (ADU, 2010) were used to generate a bird species list. All these species are 
known to occur in the respective QDS. Actual bird sightings or evidence of presence 
were recorded against this list. 
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The following authorities are used as a reference for numerical ordering of species lists 
in this document: 

• Mammals Durban Natural Science Museum (DNSM) Terrestrial Mammal 
Classification list (Taylor, 2009) 

• Birds Second South African Bird Atlas Project (ADU, 2010) 
• Reptiles Alexander and Marias (2007) 
• Frogs du Preez and Carruthers (2009) 
• Invertebrates Alphabetical order by Order, Families, Genus and then Species 

 
 
6.3.2 Fieldwork 

Fieldwork included two visits to the study area - from 20 to 21 April 2009 and 11 to 15 
January 2010. NSS had also previously conducted a detailed biodiversity assessment for 
an adjacent proposed mining project covering an area of ±9 000 ha within the QDS 
2327CB on the farms Grootwater 218LQ, Geelbekpan 226LQ, Welgelegen 228LQ, 
Groenfontein 250LQ, Tambotievley 261LQ, Vlakfontein 264LQ, Duikerfontein 263LQ, 
Ringbult 303LQ  and Gannavlakte 299LQ. Not only do the QDS for the above study 
overlap with the current study, but some of the farms are adjacent to the current study 
farms. Data from this previous survey has thus been used (and marked accordingly) in 
the current project due to the close vicinity and similar habitat types. 
 
The physical sampling methods employed for the field component of the current survey 
included the following methods:   
 
 
6.3.3 Visual observations 

Numerous visual observations were performed by traversing the sites by vehicle and on 
foot, noting habitat types and the visual presence of animals or evidence of their 
presence in the form of faeces, pellets, spoor, nests, burrows, feathers, road kills etc. In 
addition to the recordings from trap captures, species identified during these visual 
observations were recorded using GPS. These points and the associated species field 
notes are provided in Appendices 9 to 12. For the purposes of the report, these records 
were assigned to the nearest faunal trapping site. 
 
Sweep netting with hand nets was undertaken for sampling terrestrial macro-
invertebrates throughout the study area. Any suitable micro-habitats, such as under 
rocks or logs, were investigated without destruction of those micro-habitats.  Grab 
sampling was used for sampling animals that were easily handled from vegetation, rocks, 
etc. 
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6.3.4 Live Trapping 

Four trapping sites were selected in areas that represented each of the major habitats 
within the study area. The locations of the trapping sites are illustrated in Figure 6.4, with 
detailed maps of the trapping stations provided in Figure 6.5 to Figure 6.8. 
 
Table 6.2 Trapping Site locations and descriptions 
TRAP 
SITE AREA DESCRIPTION COORDINATES FARM 

1 A site in the vicinity of a large pan based on heavy 
white clay. Woody vegetation was dominated by 
Buffalo thorn (Ziziphus mucronata) and Umbrella 
thorn (Acacia tortilis). 

S23.59000 
E27.53274 

Gelykebult 
455LQ 

2 A site on deep red Kalahari sands supporting a 
tall woodland dominated by mature Marula trees 
(Sclerocarya birrea) and Russet bushwillow 
(Combretum apiculatum). 

S23.62384 
E27.51569 

Graafwater 
456LQ 

3 A site on hard brown clay close to a seasonal pan. 
Woody vegetation was dominated by various 
Acacia trees and shrubs. 

S23.67112 
E27.49349 

Grootegeluk 
459LQ 

4 A site on white Kalahari sands in the west of the 
study area close to the base of Nelsonskop. 
Woody vegetation was dominated by Marula 
(Sclerocarya birrea) and Russet bushwillow 
(Combretum apiculatum). 

S23.65199 
E27.59028 

Nelsonskop 
464LQ 

 
 
Array traps (Figure 6.2 and Figure 6.3) (Campbell & Christman, 1982; Corn, 1994; 
Simmons, 2002) were used for herpetological and invertebrate sampling at each trap 
site.  An array trap consisted of three lines, each consisting of plastic drift fences (30cm 
high and 8m long), with pitfall traps (five litre buckets sunken to the ground level) at the 
end of each line, with a pitfall at the centre of the array.  Each pitfall trap was covered 
with a raised wooden board to provide shade and had moist cotton wool balls to provide 
moisture for any amphibians caught, a stone under which creatures could hide/hold.  
Plastic mesh funnel traps (Figure 6.3b) were placed along either side of each of the 
three lines of wooden drift boards and each covered with a wooden board to provide 
shade.  All array traps were setup on the first day (Monday 11 January 2010), then 
checked early morning and late afternoon for the following four days (12 to 15 January 
2010). 
 
Many NSS surveys have revealed that the pitfall traps are an effective tool for trapping 
small lizards, frogs, spiders, scorpions and a wide variety of insects. Plastic mesh funnel 
traps are an effective tool for trapping snakes, lizards, frogs, scorpions, Solifuge spiders 
and large beetles. 
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Figure 6.2 Schematic layout of an array trap, including pitfall traps, plastic drift fences 

and plastic mesh funnel traps. 
 
A line transect of 16 (8 pairs) live mammal traps / Sherman traps (Figure 6.2c) was set 
out in the vicinity of each of the trapping sites for the live capture and identification of 
small mammals. Traps were baited with peanut butter, rolled oats, sunflower oil, seeds 
and raisins. Traps were re-baited as required, or at least every two days.   
 
Two small multi-entry traps were included within each transect and were baited in the 
same manner. These traps have been shown during many NSS surveys to be effective 
for Pygmy mouse (Mus minutoides), shrews, lizards and large insects. 
 
 
6.3.5 Motion-sensitive Cameras 

Four motion-sensitive cameras (Figure 6.2d) were mounted in various points where 
faunal activity was expected. Sites were selected at watering points, burrows and on the 
top of Nelsonskop. One of the cameras was moved to a new temporary site, and thus 5 
motion-camera sites were used. The cameras were numbered and these show as bold 
red text in the photos taken. However note that some of the cameras had their date 
settings incorrectly set. Locations and descriptions of the motion-camera sites are 
presented in Table 6.3. Nocturnal carnivores were specifically targeted with most of the 
sites, and thus cameras were baited with fish-flavoured tinned cat food or decomposing 
rumen obtained from a local abattoir. 
 
NSS surveys have revealed that these motion-sensitive cameras are an effective tool for 
surveying mammals of any size, birds and to a lesser extent medium to large sized 
reptiles, depending on location and baits used. 

Pitfall trap 

Funnel trap 

Plastic sheeting 

8 
m

et
er
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Table 6.3 Descriptions and locations of motion-camera sites used in the study area 
as illustrated in Figure 6.4 

CAMERA 
NAME LOCATION & FARM SITE DESCRIPTION BAIT USED 

NSS1 S23.65409 E27.49099 
Leeuwdrift 312LQ 

Natural pan well-frequented by wildlife Tinned cat 
food 

NSS2 S23.60169 E27.45972 
Onbelyk 257LQ 

Artificially maintained watering hole 
well-frequented by wildlife and birds 

Rumen 
contents 

NSS3 S23.59081 E27.53251 
Gelykebult 455LQ 

Large natural clay pan on white clay 
well frequented by wildlife 

Rumen 
contents 

NSS3 S23.59120 E27.53208 
Gelykebult 455LQ 

Termite mound and burrow occupied 
by ground squirrels 

None 

NSS4 S23.65082 E27.58635 
Nelsonskop 464LQ 

Crest of Nelsonskop well frequented 
by reptiles 

Tinned cat 
food 

 

  
a. Array trap layout (Site 3) showing three lines, 

funnel traps and pitfall traps 
b. Plastic mesh funnel trap  

with a recently trapped snake 

  
 c. Sherman mammal trap 

with wooden covers 
d. Motion-sensitive camera  

(NSS1 - Leeuwdrift) 
Figure 6.3 Examples of trapping methods used in the study area 
 
6.3.6 Bat detector  

A Bat detector was used to identify bats in the study area. This equipment measures the 
frequency of echo-location signals emitted by foraging bats. As these frequencies are 
uniquely different between species, the technique can be used as a method of surveying the 
species diversity in an area. Only two sites were sampled during a night drive, and the results 
do not reflect a comprehensive assessment of the bat diversity in the study area. 
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Figure 6.4 Locations of faunal trap sites, motion-camera sites and bat-detector sites in the study area 
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Figure 6.5 Layout of faunal trap site 1 showing the array, mammal traps and motion-camera sites 
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Figure 6.6 Layout of faunal trap site 2 showing the array and mammal traps 
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Figure 6.7 Layout of faunal trap site 3 showing the array and mammal traps 
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Figure 6.8 Layout of faunal trap site 4 showing the array, mammal traps and the motion-camera on Nelsonskop 
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7. RESULTS 

7.1 Vegetation Units and their Relationships 
 

 
 
Figure 7.1 Vegetation units of the study area and their relationships as defined by the 

TWINSPAN analysis 
 
The ordination diagram (Figure 7.2) demonstrates the three major groups reflected 
above, and thus confirms the results of the TWINSPAN analysis (Appendix 3). The 
Kalahari sand habitats are based on the left side of the chart, the rocky habitat at the top 
and the clay soils on the right. An anomaly is vegetation unit 4 (Spirostachys africana - 
Acacia grandicornuta clumps) which is based on sandy soils, but appears on the right 
side of the ordination chart. 

1. Boscia albitrunca - Lycium schizocalyx open clay 
woodlands (Veg. plots: 1, 3, 12, 13, 22; 24) 

2. Acacia nigrescens - Melhania acuminata dense clay 
woodlands (Veg. plots: 23, 25 - 28) 

4. Spirostachys africana - Acacia gradicornuta clumps 
(Veg. plots: 15, 16) 

3. Pappea capensis – Croton gratissimus rocky kopjie 
(Veg. plot: 14) 

5. Acacia erioloba - Gymnosporia senegalensis closed 
woody thickets (Veg. plots: 17, 18) 

6. Terminalia sericea – Digitaria eriantha Kalahari sand 
woodlands (Veg. plots: 4 - 6, 8 - 11, 19, 20, 21, 27) 

Clay soil 
habitats 

Rocky 
habitat 

Kalahari 
sand  
habitats 
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Figure 7.2 Ordination diagram for a Detrended Correspondence Analysis for sample 

plots in the study area 
 
The number of species identified per vegetation plot has been averaged per vegetation 
unit and the results are presented in Figure 7.4. Similarly the numbers of alien species 
per vegetation plot are also presented. It is clear that few alien plant species were 
present and no meaningful trend in alien infestations between vegetation units can be 
observed. Vegetation units 1, 5 and 6 show the highest species diversity. Unit 6 is 
widespread within the study area and can be spilt into two sub-associations based on 
sand colour, namely red sand and white sand habitats. None of the analyses show this 
separation in the species composition, however the overall species diversity reflects the 
variation within this overall unit. 
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Figure 7.3 Layout of vegetation units in the study area 
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Figure 7.4 Comparison of plant species diversities and alien diversities between the 

vegetation units of the study area, numbered as per Figure 7.1 
 
The study area is located within the Savanna biome of South Africa (Mucina & 
Rutherford, 2006). This is clearly reflected in the composition of the various plant growth 
forms represented by the identified species, with woody plants (shrubs and trees) 
representing 40% of the species diversity (Figure 7.5). A total of 174 species were 
positively identified in the study area (Appendix 2), which is relatively low in comparison 
to studies within the grassland biome.   

Geophytes 
(6%)

Succulents & 
cacti (7%)

Grasses & 
sedges 
(22% )

Shrubs 
(21% )

Trees 
(19% ) Forbs 

(28% )

  
Figure 7.5 Proportional composition of various growth forms for plant species 

identified in the study area 
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Table 7.1 Size (ha) of vegetation units per farm within the study area 

VEGETATION UNITS (ha) OTHER AREAS (ha) 

FARM NAME 
1. Open 

clay 
2. Dense 

clay 
3. Rocky 

kopjie 4. Thicket 
5. 

Tambotie 

6a. Red 
Kalahari  

sand 

6b. White 
Kalahari  

sand 
Old 

fields 
Mining 

infrastructure 
TOTAL 

(ha) 
Appelvlakte 448LQ  26.5  124.7    873.1   122.5 1 146.8 
Daarby 458LQ  36.6  205.5   10.5   44.6  137.3  0.7  761.3 1 196.7 
Eendragtpan 451LQ       391.1  811.5   1 202.5 
Gelykebult 450LQ  37.3      81.7 1 024.8   1.0 1 144.8 
Gelykebult 455LQ  60.0      339.9  644.1  45.0  1 089.1 
Goedehoop 457LQ  190.3  0.0     435.4  15.6  129.4  268.1 1 038.9 
Graafwater 456LQ  47.2      539.2  556.9  3.6  1 147.0 
Grootegeluk 459LQ  149.5  705.6        216.8 1 071.9 
Grootestryd 465LQ   27.0    35.0   174.9    237.0 
Hangklip 508LQ   194.3      671.5  91.5  66.7 1 024.0 
Leeuwdrift 312LQ  116.7  895.4        4.8 1 016.9 
Nelsonkop 464LQ    6.1  18.2  37.3   981.5   112.1 1 155.2 
Onbelyk 257LQ       602.1  438.1  24.3  1 064.4 
Vooruit 449LQ  359.2      39.1  620.5   1 018.8 
Grand Total (ha) 1 023.4 2 027.8  6.1  153.4  72.4 2 473.1 6 949.9  294.5 1 553.3 14 554.0 
Percentage (%) 7.03% 13.93% 0.04% 1.05% 0.50% 16.99% 47.75% 2.02% 10.67% 100% 
Source: NSS GIS database 2010 
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7.2 Description of Vegetation Units 
 
Unit 1: Boscia albitrunca - Lycium schizocalyx open clay soils 

 

Landscape 
photos 
 
 

  
Estimated tree height: 3 - 4 m  
Estimated canopy cover: 8% Estimated ground cover: < 1% 

 
The Boscia albitrunca - Lycium schizocalyx open clay soils community consists of open 
areas with good visibility. The ground surface is virtually devoid of vegetation in some 
parts as illustrated above. However, despite the barren appearance, this community 
revealed the highest species diversity within the study area. The soils here have a high 
clay content which results in numerous small pans being scattered throughout the unit. 
An abundance of water is thus naturally available here for wildlife during the rainy 
season. The clay soils must provide a nutritious sweet source of both browsing and 
grazing, as this community is frequented by large numbers and diversity of wildlife. 
Giraffe were reliably seen during the study period, as were wildebeest, zebra and white 
rhino. Faunal trap site 3 located in this community yielded a variety of frog species, 
presumably due to the many pans.  
 

   
a. Boscia albitrunca 
(Shepherd’s tree) 

b. Cadaba aphylla 
(Leafless Cadaba) 

c. Diospyros lycioides  
(Bloubos) 

Figure 7.6 Examples of common plant species in the Boscia albitrunca - Lycium 
schizocalyx clay soils 
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Table 7.2 Common and characteristic plant species found in the Boscia albitrunca - 
Lycium schizocalyx clay soils 

SCIENTIFIC NAME STATUS SCIENTIFIC NAME STATUS 
Acacia erubescens LC Geigeria burkei LC 
Acacia grandicornuta LC Grewia bicolor LC 
Acacia mellifera LC Grewia flava LC 
Acacia robusta LC Grewia flavescens LC 
Acacia tortilis LC Grewia monticola LC 
Albuca glauca LC Gymnosporia senegalensis LC 
Ammocharis coranica LC Hibiscus platycalyx LC 
Aristida congesta LC Justicia flava LC 
Asparagus cooperi LC Lycium schizocalyx LC 
Barleria dinteri LC Panicum maximum LC 
Boscia albitrunca LC Peltophorum africanum LC 
Boscia foetida LC Richardia scabra Alien 
Cadaba aphylla LC Ruellia patula LC 
Combretum apiculatum LC Sanseviaria aethiopica LC 
Commiphora africana LC Schkuria pinnata Alien 
Commiphora pyracanthoides LC Schmidtia pappophoroides LC 
Cymbopogon pospischilii Alien Seriphium plumosum LC 
Dichrostachys cinerea LC Solanum delagoense LC 
Diospyros lycioides LC Tragus berteronianus LC 
Ehretia rigida LC Urochloa mosambicensis LC 
Euclea undulata LC Ziziphus mucronata LC 
Felicia clavipilosa LC   

 
 
Unit 2: Acacia nigrescens - Melhania acuminata dense clay woodlands 

 

Landscape 
photos 
 
 

  
Estimated tree height: 6 m  
Estimated canopy cover: 30%  
Estimated ground cover: Approximately 15%  
Mean grass height: 10 cm  

 
This vegetation unit dominates the vegetation in the south west of the study area where 
the soils consists of either a dark clay or gravel. The vegetation is dominated by medium 
height trees and a dense shrub layer that hinders the ability to walk through some areas. 
The soils here are fertile and the grass layer has been heavily grazed and is now 
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dominated by the small shrub Melhania acuminate (Figure 7.7a).  This area is well-
frequented by impala, but the variety of game is not as great as the previous vegetation 
unit. Water resources should be limited here to encourage the wildlife to utilise the sandy 
areas as much as possible. 
 

   
a. Melhania acuminata  

(Bushy honeycup) 
b. Acacia nigrescens 

(Knobthorn) 
c. Ximenia americana 

(Sour plum) 
Figure 7.7 Examples of common plant species in the Acacia nigrescens - Melhania 

acuminata woodlands 
 
Table 7.3 Common and characteristic plant species occuring in the Acacia 

nigrescens - Melhania acuminata woodlands 
SCIENTIFIC NAME STATUS SCIENTIFIC NAME STATUS 
Acacia erubescens LC Grewia flava LC 
Acacia mellifera LC Grewia flavescens LC 
Acacia nigrescens LC Hirpicium bechuanense LC 
Acacia tortilis LC Melhania acuminata LC 
Andropogon chinensis LC Panicum maximum LC 
Aristida congesta LC Peltophorum africanum LC 
Asparagus laricinus LC Pupalia lappacea Alien 
Boscia foetida LC Schmidtia pappophoroides LC 
Combretum apiculatum LC Solanum delagoense LC 
Commelina africana LC Tribulus terrestris LC 
Commiphora pyracanthoides LC Ximenia americana LC 
Dichrostachys cinerea LC   
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Unit 3: Pappea capensis – Croton gratissimus rocky kopjie 

 

Landscape 
photos 
 
 

  
Estimated tree height: 5 m  
Estimated canopy cover: 20%  
Estimated ground cover: Approximately 3%  
Mean grass height: 20 cm  

 
This rocky kopjie is located in the eastern side of the study area and occurs as a single 
unique entity. The kopjie consists of numerous large boulders that rise approximately 15 
meters above the surrounding sandy plains. The spectrum of plant species on the kopjie 
and around the immediate vicinity is uniquely different from the surrounding areas. The 
woody vegetation is dominated by Pappea capensis (as shown in the first landscape 
photo above), while a variety of smaller shrubs also occur. Few grasses occur on the 
kopjie due to the surface being dominated by large boulders and little soil being present. 
The overall species diversity was the lowest recorded during this study. Evidence of 
utilisation by kudu was seen on the kopje and middens that are possibly created by 
klipspringer were seen. This site evidently has a reputation for large Black mambas 
(Dendroaspis polylepis) which the authors fortunately only learnt about after leaving the 
area. 
 

   
a. Croton gratissimus 
(Lavender fever-berry) 

b. Ficus burkei 
(Common wild fig) 

c. Pavetta eylesii 
(Large-leaved bride's bush) 

Figure 7.8 Examples of common plant species in the Pappea capensis – Croton 
gratissimus rocky kopjie 
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Table 7.4 Common and characteristic plant species found in the Pappea capensis – 
Croton gratissimus rocky kopjie 

SCIENTIFIC NAME STATUS SCIENTIFIC NAME STATUS 
Bidens pilosa Alien Panicum maximum LC 
Boscia foetida LC Pappea capensis LC 
Commiphora africana LC Pavetta eylesii LC 
Croton gratissimus LC Peltophorum africanum LC 
Ficus burkei LC Schmidtia pappophoroides LC 
Flueggea virosa LC Sida ovata LC 
Grewia flavescens LC Solanum delagoense LC 
Grewia occidentalis LC Spirostachys africana LC 
Hibiscus platycalyx LC   

 
 
Unit 4: Spirostachys africana - Acacia grandicornuta closed clumps 

 

Landscape 
photos 
 
 

  
Estimated tree height: 6 m  
Estimated canopy cover: 40%  
Estimated ground cover: Approximately 5%  

 
Numerous Tambotie (Spirostachys africana) clumps occur in the south-eastern part of 
the study area, and are conspicuously different from the surrounding vegetation there. 
The tree canopy is dominated by Spirostachys africana with occasional Acacia species 
being present. It would appear that the Spirostachys africana trees produce a toxin that 
inhibits the growth of other species as the overall species diversity in these clumps is 
low. The under-storey is surprisingly devoid of plants and the ground cover is sparse in 
each of these clumps.  Numerous stumps of previously large trees suggest that 
harvesting of heavy timber has occurred here in the past. 
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a. Spirostachys africana 

(Tambotie tree) 
b. Sanseviaria aethiopica 

(Common bowstring hemp) 
c. Acacia grandicornuta 

(Horned thorn) 
Figure 7.9 Examples of common plant species in the Spirostachys africana - Acacia 

grandicornuta clumps 
 
Table 7.5 Common and characteristic plant species found in the Spirostachys 

africana - Acacia grandicornuta clumps 
SCIENTIFIC NAME STATUS SCIENTIFIC NAME STATUS 
Acacia grandicornuta LC Grewia flava LC 
Acacia mellifera LC Grewia flavescens LC 
Acacia tortilis LC Hibiscus platycalyx LC 
Boscia foetida LC Panicum maximum LC 
Commiphora pyracanthoides LC Sanseviaria aethiopica LC 
Dichrostachys cinerea LC Solanum delagoense LC 
Euclea undulata LC Spirostachys africana LC 

 
 
Unit 5: Acacia erioloba - Gymnosporia senegalensis closed woody thickets 

 

Landscape 
photos 
 
 

  
Estimated tree height: 9 m Estimated canopy cover: 80% 
Estimated ground cover: Approx. 20% Mean grass height: 30cm 
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This vegetation unit occurs in the western parts of the study area and extending into the 
inner mine area. The canopy is largely closed over and the trees are relatively tall here. 
The canopy is dominated by various Acacia and Combretum species while the under-
storey is dominated by Gymnosporia, Dichrostachys and Grewia species. The dense 
under-storey makes the area somewhat impenetrable and affects the ability to walk 
through these sites. The reason for the development of these thickets is assumed to be 
the result of the soils ability to hold moisture, but could also be a result of the sewerage 
developments around which these thickets grow. 
 

   
a. Stems of Grewia flavescens 

(Sandpaper raisin) 
b. Acacia erioloba 

(Camel thorn) 
c. Acacia fleckii 

(Plate thorn) 
Figure 7.10 Examples of common plant species in the Acacia erioloba - Gymnosporia 

senegalensis closed woody thickets 
 
Table 7.6 Common and characteristic plant species found in the Acacia erioloba - 

Gymnosporia senegalensis closed woody thickets 
SCIENTIFIC NAME STATUS SCIENTIFIC NAME STATUS 
Acacia erioloba Declining Grewia flava LC 
Acacia fleckii LC Grewia flavescens LC 
Acacia robusta LC Gymnosporia senegalensis LC 
Acacia tortilis LC Hibiscus platycalyx LC 
Aristida stipitata LC Ochna pulchra LC 
Combretum apiculatum LC Panicum maximum LC 
Combretum zeyheri LC Perotis patens LC 
Commiphora africana LC Schmidtia pappophoroides LC 
Dichrostachys cinerea LC Sida ovata LC 
Digitaria eriantha LC Spirostachys africana LC 
Euclea undulata LC Terminalia sericea LC 
Gardenia volkensii LC Ziziphus mucronata LC 
Grewia bicolor LC   
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Unit 6: Terminalia sericea – Digitaria eriantha Kalahari sand woodlands 

 

Landscape 
photos 
 
 

  
Estimated tree height: 8 m  
Estimated canopy cover: 30%  
Estimated ground cover: Approximately 20%  
Mean grass height: 35 cm  

 
The Kalahari sand woodlands cover the majority of the study area. The sandy areas can 
be easily separated into the red sand areas and the white sand areas. These differences 
show up clearly on the ground as well as in aerial images, but the overall species 
composition does not show a clear distinction between these two areas. The darkest red 
soils occur around an old farm houses just north of the inner mine area, and the area is 
characterised by large mature Sclerocarya birrea (Marula) trees. This was the area 
selected for Faunal Trapping Site 2. The most widespread woody species is Terminalia 
sericea which has a high level of dominance in the white sand areas. The grass layer is 
strongly dominated by Digitaria eriantha which being a Decreaser grass species 
suggests that the grazing intensity of these Kalahari sand woodlands is within an optimal 
range. Numerous water points are maintained throughout this vegetation type to 
encourage a greater utilisation of this area. 
 

   
Dichrostachys cinerea 

(Sekelbos) 
Tylosema fassoglensis 

(Gemsbok bean) 
Perotis patens 

(Cat’s tail grass) 
Figure 7.11 Examples of common plant species in the Terminalia sericea – Digitaria 

eriantha Kalahari sand woodlands
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Table 7.7 Common and characteristic plant species found in the Terminalia sericea – 

Digitaria eriantha Kalahari sand woodlands 
SCIENTIFIC NAME STATUS SCIENTIFIC NAME STATUS SCIENTIFIC NAME STATUS 
Acacia erioloba Declining Digitaria eriantha LC Perotis patens LC 
Acacia fleckii LC Eragrostis pallens LC Rhigozum brevispinosum LC 
Acacia mellifera LC Euclea natalensis LC Richardia scabra Alien 
Acacia tortilis LC Euclea undulata LC Sanseviaria aethiopica LC 
Aristida congesta LC Gardenia volkensii LC Schmidtia 

pappophoroides 
LC 

Aristida stipitata LC Grewia bicolor LC Sclerocarya birrea LC 
Barleria lancifolia LC Grewia flavescens LC Securidaca 

longepedunculata 
LC 

Bauhinia petersiana LC Grewia monticola LC Sida ovata LC 
Blepharis 
subvolubilis 

LC Grewia occidentalis LC Solanum delagoense LC 

Burkea africana LC Heliotropium lineare LC Solanum tettense LC 
Chamaecrista 
mimosoides 

LC Hibiscus platycalyx LC Stipagrostis uniplumis LC 

Combretum 
apiculatum 

LC Indigofera ingrata LC Strychnos pungens LC 

Combretum zeyheri LC Kyllinga alba LC Tephrosia semiglabra LC 
Commelina africana LC Melinis repens LC Terminalia sericea LC 
Commiphora africana LC Ochna pulchra LC Tricliceras glanduliferum LC 
Cucumis anguria LC Panicum maximum LC Urochloa mosambicensis LC 
Dichrostachys 
cinerea 

LC Peltophorum 
africanum 

LC Ziziphus mucronata LC 
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7.3 Faunal Communities 
 
A large diversity of faunal species was confirmed for the study area, and a summary of 
the species (families for terrestrial macro-invertebrates) identified within the study area 
and within the surrounding areas (NSS, 2008) is presented in Table 7.8. Comprehensive 
lists of the faunal species and where they were observed are included in Appendices 9 
to 12.  Red Data species, Protected species and other species of concern that could 
potentially occur within the study area are identified in Chapter 8. 
 
Table 7.8 Numbers of faunal species (families for invertebrates) identified during 

current and previous studies 

CLAY  
SOILS 

KALAHARI 
SAND ANIMAL  

GROUP SITE 
1 

SITE 
3 

ROCKY 
HABITAT 

(Nelsons-
kop) 

SITE 
2 

SITE 
4 

TOTAL 
for 

STUDY 
AREA 

SPECIES 
NEARBY 

(NSS, 
2008) 

TOTAL 
DIVERSITY

Mammals 9 3 2 9 3 43 6 49 
Avifauna 28 9 3 15 5 94 65 159 
Reptiles 4 3 3 4 6 18 10 28 
Amphibians  1 8 0 0 0 10 3 13 
Macro-
invertebrates 16 20 6 15 8 41 7 48 

 
The limited time available to conduct field investigations and the instinctive nature of 
many faunal species to avoid human encounters makes it difficult to conduct a complete 
census of faunal species within a specific habitat. In reference to the limitations 
described in Section 6.1, sampling within different habitats under such restriction does, 
however, provide data of sufficient quality that can be used to predict impacts.  
 

   
South African ground squirrel 

(Xerus inauris) 
Sundevall’s writhing skink 

(Mochlus sundevallii) 
Praying mantis 
(Ligariella sp.) 

Figure 7.12 Examples of a mammal, a reptile and an insect identified in the study area 
 



Grootegeluk Mine  - Biodiversity Assessment 

NATURAL SCIENTIFIC SERVICES CC 

44 

7.3.1 Mammals 

Research has indicated that the Limpopo Province supports a high faunal diversity, 
including 168 mammal species, of which one species Gunning’s golden mole 
(Neamblysomus gunningi) is endemic to the province (SOER Limpopo, 2003), but does 
not occur in the study area. The desktop study identified 106 species potentially 
occurring (Appendix 5) in the QDS 2327CB and 2327DA that extend across the study 
area. This represents a staggering 63% of the provincial diversity of mammals.  
 
During the various field visits, 48 mammal species were identified through visual 
observation, capture, motion-sensitive photography, sounds and evidence of presence 
from signs as faeces, bones and spoor (Table 7.9). Sixteen of these species are 
considered to occur as managed or introduced populations. Some examples of 
mammals in the study area are presented in Figure 7.13 and Figure 8.3. 
 

    
a. Bushveld gerbil  

(Tatera leucogaster) 
b. Porcupine 

(Hystrix africaeaustralis) 
c. Black-backed jackal 

(Canis mesomelas) 

    
d. Giraffe 

(Giraffa camelopardalis) 
e. Blue Wildebeest 

(Connochaetes taurinus) 
f. Impala 

(Aepyceros melampus) 
 
Figure 7.13 Examples of naturally occurring (a. to c.) and managed / introduced 

mammals (d. to f.) identified in the study area 
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Table 7.9 Mammal species recorded within the study area.  

SPECIES COMMON NAME STATUS METHOD OF 
IDENTIFICATION 

TUBULIDENTATA    
Orycteropus afer * Aardvark LC  Signs (Spoor) 

LAGOMORPHA    
Lepus saxatilis Scrub hare LC Visual observation 

RODENTIA    
Hystrix africaeaustralis Porcupine LC Motion-camera 
Pedetes capensis * Springhare LC Visual observation 
Xerus inauris South African ground squirrel LC Visual observation 
Paraxerus cepapi Tree squirrel LC Visual observation 
Mus minutoides Pygmy mouse LC Trapped specimen 
Saccostomus campestris Pouched mouse LC Road kill 
Tatera leucogaster Bushveld gerbil LC Trapped specimen 

CHIROPTERA    
Pipistrellus rusticus Rusty pipistrelle NT Bat detector 
Neoromicia capensis Cape serotine bat LC Bat detector 
Scotophilus dinganii African yellow bat LC Bat detector 
Taphozous mauritianus Mauritian tomb bat LC Visual observation 

PRIMATES    
Papio hamadryas Chacma baboon LC Visual observation 
Cercopithecus pygerythrus Vervet monkey LC Visual observation 

PHOLIDOTA    
Manis temminckii * Ground pangolin  Signs (Spoor) 

CARNIVORA    
Proteles cristatus * Aardwolf LC Reported 
Parahyaena brunnea Brown hyaena NT Motion-camera 
Acinonyx jubatus Cheetah VU Reported 
Panthera pardus * Leopard VU Reported 
Caracal caracal * Caracal LC Reported 
Felis silvestris African wild cat LC Road kill 
Civettictis civetta African civet LC Motion-camera 
Galerella sanguinea * Slender mongoose LC Visual observation 
Mungos mungo Banded mongoose LC Visual observation 
Otocyon megalotis * Bat-eared fox LC Road kill 
Canis mesomelas Black-backed jackal LC Motion-camera 

     
Ceratotherium simum ¹ White rhinoceros LC Visual observation 
Diceros bicornis ¹ Black rhinoceros VU Motion-camera 
Equus quagga ¹ Plains zebra LC Visual observation 

SUIFORMES    
Phacochoerus africanus Common warthog LC Visual observation 

RUMINANTIA    
Giraffa camelopardalis ¹ Giraffe LC Visual observation 
Syncerus caffer ¹ African buffalo LC Motion-camera 
Tragelaphus strepsiceros ¹ Greater kudu LC Visual observation 
Tragelaphus angasii ¹ Nyala LC Skull 
Tragelaphus oryx ¹ Eland LC Skull 
Connochaetes taurinus ¹ Blue wildebeest LC Visual observation 
Alcelaphus buselaphus ¹ Red hartebeest LC Visual observation 
Damaliscus lunatus ¹ Tsessebe EN Visual observation 
Hippotragus niger ¹ Sable VU Visual observation 
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SPECIES COMMON NAME STATUS METHOD OF 
IDENTIFICATION 

Oryx gazelle ¹ Gemsbok LC Visual observation 
Sylvicapra grimmia Common duiker LC Visual observation 
Kobus ellipsiprymnus ¹ Waterbuck LC Visual observation 
Raphicerus campestris Steenbok LC Visual observation 
Aepyceros melampus ¹ Impala LC Visual observation 
Oreotragus oreotragus ¹ Klipspringer LC Signs (Dung) 

SOURCES:  Apps (2000); Skinner & Chimimba (2005); Friedman & Daly (2004). 
¹  Species occurs within the study area as an introduced and/or managed population 
*  Species identified in an adjacent area (NSS, 2008) 

 
The study area supports a rich diversity of mammals. The area is managed as a nature 
reserve and has been stocked with a variety of large ungulates and rhino species. The 
sex ratios and sizes of these populations are managed intensively to maintain a diversity 
of species and optimise the economic performance from the area. An impressive 
diversity of smaller mammals survives alongside the managed populations of larger 
mammals. These include an impressive diversity of carnivores, some of which thrive due 
to the significant conservation area with limited fragmentation by fences, roads and 
mining development. 
 
Few small rodents were encountered during the field studies, with only three species 
identified. A similar result was obtained during an assessment of adjacent areas (NSS, 
2008) where only one species, Bushveld Gerbil (Tatera leucogaster) was encountered. 
K. Smit (pers. comm. 2010) similarly encountered few small rodents in the area.  
 
7.3.2 Avifauna 

The Limpopo Province supports a highly diverse bird life, with many Red Data species.  
According to the South African Bird Atlas Project version 1 (SABAP1) (ADU, 2009), there 
are 310 bird species recorded within the QDS 2327CB and 2327DA (Appendix 6).  The 
two field visits to the study area identified 94 bird species, however a combined list of 
birds including species from an adjacent area (NSS, 2008) has generated a list of 159 
birds confirmed by NSS for the greater study area (over 50% of the SABAP records of 
the two QDS). Figure 7.14 illustrates some examples of avian species in the study area. 
 

   
Ostrich 

(Struthio camelus) 
African harrier-hawk 
(Polyboroides typus) 

Southern yellow-billed hornbill 
(Tockus leucomelas) 

Figure 7.14 Examples of birds observed in the study area 
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When identifying birds in the field, it is possible to overlook certain groups, for example 
the warblers, where there are large numbers of possible species that show few visibly 
distinguishing characteristics. To assess possible sampling bias, the bird species were 
allocated to 11 categories based on their behaviour and feeding habits (Table 7.10) in 
accordance with Newman (1983). The percentages of observations per category were 
compared between the SABAP1 and SABAP2 records for QDS 2327CB and 2327DA 
and the NSS observations in the 2008, 2009 and 2010 surveys. The results are 
presented in Figure 7.15. 
 
Table 7.10 Descriptions of bird classification categories 
BIRD CATEGORIES BIRD GROUPS 
Inland water birds Pelicans, cormorants, herons, egrets, storks, hamerkop, flamingos, 

spoonbill, ibises & finfoot 
Ducks & wading birds Ducks, geese, grebes, coot, gallinules, crakes, flufftails, snipes, 

plovers, lapwings, waders, jacanas, oystercatchers, curlews, 
avocet & stilts 

Large terrestrial birds Thicknees, pratincoles, coursers, korhaans, bustards, cranes, 
quail, francolins, spurfowl, buttonquail, guineafowl, ostrich & 
secretarybird 

Raptors Vultures, kites, eagles, buzzards, sparrowhawks, hawks, harriers, 
falcons & kestrels. 

Sandgrouse, doves etc Sandgrouse, doves, pigeons, parrots, lovebirds, trogon, turacos 
and go-away birds (louries), cuckoos & coucals 

Owls & nightjars Owls & nightjars 
Aerial feeders, etc Swallows, martins, swifts, mousebirds, bee-eaters, kingfishers, 

rollers, hoopoes, hornbills, barbets, woodpeckers, wryneck & 
honeyguides. 

Insect eaters (1) Larks, finchlarks, pipits, wagtails, drongos, black flycatcher, 
cuckooshrikes, crows, orioles, bulbuls, tits, babblers, thrushes, 
chats & robins. 

Insect eaters (2) Warblers, apalises, titbabblers, eremomelas, carmoropteras, 
grassbird, cisticolas, prinias, flycatchers, batises, shrikes, boubous, 
tchagras, helmetshrikes & starlings 

Oxpeckers & nectar feeders Sunbirds, oxpeckers, white-eyes & queleas 
Seedeaters Sparrows, weavers, widow birds, bishops, finches, firefinches, 

waxbills, manikins, whydahs, canaries, siskins & buntings. 
SOURCE:  Newman (1983) 
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Figure 7.15 Percentage of birds observed per category for SABAP1 and 2 records and 

during the three NSS field investigations. 
 
Although the percentage of bird category coverage is fairly consistent between the two 
sets of results, the following slight deviations from the SABAP data were observed: 

• Less water birds (inland water birds and ducks & wading birds) were recorded in 
the study area for the NSS records. The SABAP1 records extend up to the 
Limpopo River where a diversity of water-loving birds can be expected, whereas 
the study area supports only artificial wetlands such as a sewerage works 
reservoirs and game watering points. 

• A greater diversity of aerial feeders etc and smaller insect eaters (cisticolas, 
warblers etc) was observed during the NSS surveys than would be expected from 
the SABAP records. This could be a compensation for the lack of water birds in 
the study area, or these difficult-to-identify species may have been overlooked in 
other surveys.  
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7.3.3 Herpetofauna 

 
The Limpopo Province supports at least 148 reptile species and 46 amphibian species 
with 11 of these herpetofaunal species being endemic to the province (SOER Limpopo, 
2003). The distributions and conservation status of reptiles of South Africa are still in the 
process of being published, however draft online data from the SARCA has been used to 
compile a list of 86 reptiles that could occur within study area (Appendix 7).  
 
Published data from the South African Frog Atlas (Minter et al. 2004) was used to 
compile a list of 23 amphibian species that could occur within study area (Appendix 8). 
Potential reptile and amphibian species occurring within the QDS covered by the study 
area is summarised in Table 7.11. 
 
Table 7.11 Summary of potential reptile and amphibian species for QDS 2327CB and 

2327DA, and counts of species recorded in the study area during NSS 
surveys in the area. 

GROUP POTENTIAL 
SPECIES 

SPECIES 
RECORDED 

PERCENTAGE 
REPRESENTATION 

Snakes 33 9 27% 
Agamas, chamaeleons & lizards 37 12 32% 
Geckos 10 4 40% 
Crocodile 1 0 0 
Terrapins and tortoises 5 3 60% 
Frogs 23 13 57% 
Total 109 41 38% 
SOURCES:  SARCA (2009); Minter et al. (2004) 

 
Reptiles are notoriously difficult to comprehensively detect during short field surveys, due 
to many species in this group naturally occurring at low densities and being inherently 
fearful of man. However, the study area was found to be particularly rich in reptile 
species, with 28 species (Table 7.12) or 33% of the potential diversity has been shown 
to be present in the area during three field surveys. Some species such as the Cape 
skink (Trachylepis capensis) and the Sundevall’s writhing skink (Mochlus sundevallii) 
were abundant and found in traps repeatedly, whereas others were identified from 
evidence of their presence. Some examples of reptiles recorded in the study area are 
illustrated in Figure 7.16. 
 
Nelsonskop provides a rocky habitat with numerous crevices that is fundamentally 
different from other habitats within the study area. This kopjie provides a habitat suitable 
for a diversity of reptiles. A dry skin shed confirmed to be from a particularly large Black 
mamba (Dendroaspis polylepis) (G. Alexander, pers. comm. 2010) was found amongst 
the rocks there. This kopjie evidently has a reputation dating back at least forty years for 
supporting large black mambas, some of which have been rather aggressive (W. Barker 
pers. comm. 2010). 



Grootegeluk Mine  - Biodiversity Assessment 

NATURAL SCIENTIFIC SERVICES CC 

50 

 

   
Peter’s thread snake 

(Leptotyphlops s. scutifrons) 
Striped skaapsteker 

(Psammophylax tritaeniatus) 
Common tiger snake  

(Telescopus s. semiannulatus) 

   
Cape skink 

(Trachylepis capensis) 
Flap-necked chamaeleon 

(Chamaeleo dilepis) 
Marsh terrapin 

(Pelomedusa subrufa) 
Figure 7.16 Examples of reptiles identified in the study area. 
 
 
 
Table 7.12 Herpetofauna species recorded during NSS surveys in the QDS 2327CB 

and 2327DA  

SCIENTIFIC NAME COMMON NAME STATUS METHOD OF 
IDENTICATION 

SNAKES    
Leptotyphlops s. scutifrons Peter's thread snake - Captured specimen 
Psammophylax tritaeniatus Striped skaapsteker - Trapped specimen 
Psammophis subtaeniatus Stripe-bellied sand snake - Trapped specimen 
Telescopus s. semiannulatus Common tiger snake - Trapped specimen 
Dispholidus typus Boomslang - Visual observation 
Elapsoidea sundevallii media Sundevall’s garter snake - Captured specimen 

(NSS, 2008) 
Dendroaspis polylepis Black mamba  - Shed skin identified 
Bitis arietans Puff adder - (NSS, 2008) 

AGAMAS, CHAMAELEONS, LIZARDS and GECKOS   
Acanthocercus atricollis Southern Tree Agama - Visual observation 
Agama aculeata distanti Ground agama - Visual observation 

(NSS, 2008) 
Chamaeleo dilepis Flap-necked chamaeleon - Captured specimen 
Varanus albigularis Rock Leguaan - Visual observation 
Ichnotropis capensis Cape rough-scaled lizard - Captured specimen 
Ichnotropis squamulosa Common rough-scaled lizard - Captured specimen 

(NSS, 2008) 
Zygaspis quadrifrons Kalahari round-headed worm 

lizard 
- Captured specimen 

(NSS, 2008) 
Panaspis walbergii Wahlberg's snake-eyed skink - Trapped specimen 
Mochlus sundevallii Sundevall's writhing skink - Trapped specimen 
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Trachylepis capensis Cape skink - Trapped specimen 
Gerrhosaurus major Rough-scaled plated Lizard - Captured specimen 

(NSS, 2008) 
Gerrhosaurus validus Giant plated lizard - Motion camera 
Hemidactylus mabouia Moreau's tropical house 

gecko 
- Visual observation 

Lygodactylus capensis Cape dwarf gecko - Visual observation 
Chondrodactylus turneri Turner’s tubercled gecko - Captured specimen 

(NSS, 2008) 
Ptenopus garrulous garrulous Common barking gecko - Visual observation 

(NSS, 2008) 
TERRAPINS AND TORTOISES    

Pelomedusa subrufa Marsh terrapin - Captured specimen 
Stigmochelys pardalis Leopard tortoise - Captured specimen 
Psammobates oculifer Kalahari tent tortoise - Captured specimen 

(NSS, 2008) 
AMPHIBIANS    

Amietophrynus rangeri Raucous toad LC Captured specimen 
(NSS, 2008) 

Poyntonophrynus fenoulheti Northern Pygmy Toad LC Captured specimen 
Schismaderma carens Red Toad LC Captured specimen 
Kassina senegalensis Bubbling Kassina LC Trapped specimen 
Phrynomantis bifasciatus Banded Rubber Frog LC Trapped specimen 
Hildebrantia ornata Ornate Frog LC Reared from 

tadpoles 
Ptychadena anchietae Plain Grass Frog LC Captured specimen 
Cacosternum boettgeri Common Caco LC Calls recorded  

(NSS, 2008) 
Pyxicephalus adspersus Giant Bullfrog NT Reported specimen 
Pyxicephalus edulis African Bullfrog LC Reported specimen 
Tomopterna cryptotis Tremolo Sand Frog LC Captured specimen 
Tomopterna krugerensis Knocking Sand Frog LC Trapped specimen 
Chiromantis xerampalina Foam Nest Frog LC Captured specimen 

SOURCES:  Alexander (pers. Comm. 2010); Alexander & Marias (2007); Branch (1998); du Preez 
& Carruthers (2009) 

 
 
The success of frog diversity assessments is heavily influenced by the weather, with 
greater success during wet conditions. Conditions during all surveys have been hot and 
dry, yet 13 amphibian species representing 57% of the potential amphibian fauna has 
been confirmed as present (Appendix 8). It can be assumed that the current list 
represents the majority of the amphibian species likely to be encountered in the study 
area. Some of the amphibians identified in the study area are illustrated in Figure 7.17. 
 
Seven of the frog species identified were found only on the western side of the study 
area, where numerous small natural and modified pans exist due the occurrence of clay 
soils there. Kameelperdpan (Figure 6.3) was found to be rich in frog species with 5 
species located there on one night. Foam nest frogs (Chiromantis xerampalina) on the 
other hand were found to be widespread, with their distinctive foam nests observed over 
almost every source of water in the study area. 
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a. Northern pygmy toad 

(Poyntonophrynus fenoulheti) 
b. Banded rubber frog  

(Phrynomantis bifasciatus) 
c. Ornate frog 

(Hildebrantia ornata) 

   
d. Plain grass frog 

(Ptychadena anchietae) 
e. Knocking sand frog 

(Tomopterna krugerensis) 
f. Foam nest frog 

(Chiromantis xerampalina) 
Figure 7.17 Examples of amphibian species identified in the study area. 
 
 
 
7.3.4 Terrestrial macro-invertebrates 

At least 41 families of invertebrates with over 68 species have been recorded from the 
study area during the three NSS field visits. These are listed in Appendix 12 and some 
examples are illustrated in Figure 7.18. South Africa supports an enormous diversity of 
insects and other macro-invertebrate fauna, and the numbers of terrestrial macro-
invertebrates identified in the study area is certainly far from a representative list of the 
actual diversity present there.  
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a. Broad-bordered Acraea 

(Acraea anemosa) 
b. Giant longhorn beetle 

(Tithoes confinis) 
c. Large water scorpion  

(Family: NEPIDAE; Laccotrephes sp.) 

    
d. Garden spider 

(Argiope sp.) 
e. Thick-tailed scorpions 

(Parabuthus transvaalicus) 
f. Burrowing scorpion 
(Opistophthalmus sp.) 

Figure 7.18 Examples of insects and other terrestrial macro-invertebrates identified in 
the study area. 
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8. CONSERVATION IMPORTANT SPECIES 
 
The best-known criteria for categorizing the level of threat facing species, is the IUCN’s 
Red List criteria. According to Friedman and Daly (2004), the IUCN Red List Categories 
are intended to be an easily and widely understood system for classifying species at high 
risk of global extinction. The general aim of the system is to provide an explicit, objective 
framework for the classification of the broadest range of species according to their 
extinction risk. The IUCN categories are depicted in Figure 8.1. 
 

 
Figure 8.1 IUCN Red Data List categories. 
 
 
 

8.1 Conservation Important Plant Species  
 
The Threatened Plant Species Programme (TSP) is continuously revising all threatened 
plant species assessments made by Hilton-Taylor (1996), using IUCN Red Listing 
Criteria modified from Davis et al. (1986).  The TSP recognises additional red data 
classifications to the IUCN categories shown in Figure 8.1, these being Rare species 
and Declining species. The Data Deficient category is split into two parts, namely Data 
Deficient species - Insufficient Information (DDD) and Data Deficient species - 
Taxonomically Problematic (DDT). According to the TSP interim Red Data list of South 
African plant taxa (last updated in February 2009), there are 111 threatened / declining 
species in the Limpopo Province (Table 8.1). 

Extinct (EX) 

Extinct in the wild 

Critically Endangered 

Endangered (EN) 

Vulnerable (VU) 

Near Threatened (NT) 

Least Concern (LC) 

ThreatenedAdequate 

Data Deficient 

Evaluated

Not Evaluated 
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Table 8.1 Numbers of Red Data plant species per category within South Africa, 

Limpopo and surrounding provinces 

THREAT STATUS SOUTH 
AFRICA ¹ 

LIMPOPO 
³ 

GAUTENG 
² 

MPUMA-
LANGA ³ 

NORTH 
WEST ² 

EX (Extinct species) 33  1 1  
EW (Species extinct in the wild) 7 2    
CR PE (Critically Endangered 
species, Possibly Extinct) 

76 2  1  

CR (Critically Endangered species) 364 14 1 11 2 
EN (Endangered species) 716 16 8 26 3 
EN* (Considered Endangered species 
but status not finalized) 

   1  

VU (Vulnerable species) 1 297 38 14 76 8 
NT (Near Threatened species) 385 21 18 36 9 
NT* (Species considered Near 
Threatened but status not yet 
finalized) 

 1    

Critically Rare (Species known to 
occur only at a single site) 

165 8  2 1 

Rare (Species of limited population 
but not exposed to direct / potential 
threat) 

1 228 45 4 45 4 

Declining (Species not threatened but 
processes are causing a continuing 
decline in the population) 

52 19 9 23 8 

LC (Least Concern species) 14 708 3 661 2 070 3866 1996 
DDD (Data Deficient species - 
Insufficient Information) 

359 12 1 20  

DDT (Data Deficient species - 
Taxonomically Problematic) 

1 017 33 20 34 12 

Thr* (species considered threatened 
but status not finalized) 

125 3 2 9 2 

Plants not listed by TSP  611 271 680 178 
Aliens (Not evaluated)  375 402 469 244 
Total number of species and 
subspecies 

20 532 4 861 2 916 5300 2 552 

Sources: ¹ TSP (2009); ² POSA (2009); ³ POSA (2010)  
 
The SANBI Plants of South Africa (POSA) database lists five plant species with a Red 
Data status as occurring within the two QDS which the study area overlaps. These are 
listed in Table 8.2. The only species in this list identified in the study area was Acacia 
erioloba (Camel thorn tree), which was found to be widespread.  None of the other 
species are considered likely to occur in the study area. 
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Table 8.2 Red data species listed in the POSA database that occur within the two 
QDS that the study area overlaps 

QDS 2327 FAMILY SPECIES STATUS GROWTH 
FORMS CB DA 

EUPHORBIACEAE 
Acalypha caperonioides 
var. caperonioides DDT 

Dwarf shrub, 
herb  x 

EUPHORBIACEAE 
Euphorbia 
waterbergensis Rare 

Shrub, 
succulent  x 

FABACEAE Acacia erioloba Declining Tree x x 
MALVACEAE Corchorus psammophilus Threatened Herb x x 
POACEAE Eulalia aurea NT* Grass  x 
Source:  POSA (2009) 

 
The Limpopo Provincial Conservation Authority was contacted in February 2010 for a list 
of species of concern for the QDS covering the study area, but were not able to provide 
data. 
 
Two sets of legislation deal with protected plant species are relevant within Limpopo 
Province. The National Environmental Management: Biodiversity Act (NEMBA), 2004 
(Act 10 of 2004) has a published list of Critically Endangered, Endangered, Vulnerable 
and Protected Species (PS). A PS is an indigenous species of high conservation value 
or national importance that requires national protection. No species listed by NEMBA 
were found within the study area. The Limpopo Environmental Management Act, 2003 
also has a list of Protected Species (Schedule 11). Sclerocarya birrea (Marula tree) is the 
only species found in the study area that is listed as protected under the Limpopo 
Environmental Management Act, 2003. 
 
Six tree species identified in the study area (Table 8.3) appear on the national list of 
declared protected tree species as promulgated by the National Forests Act, 1998 (No 
84 of 1998). The main reasons for this list are to provide strict protection to certain 
species while others require control over harvesting and utilisation.  
 
Table 8.3 Tree species identified in the study area that are listed as protected species 

by the National Forest Act of 1998 

FAMILY SPECIES STATUS VEGETATION 
UNITS 

ANACARDIACEAE Sclerocarya birrea subsp. caffra LC Unit 6 
CAPPARACEAE Boscia albitrunca LC Units 1, 4 
COMBRETACEAE Combretum imberbe LC Unit 1 
FABACEAE Acacia erioloba Declining Units 5, 6 
MALVACEAE Adansonia digitata LC Planted 
POLYGALACEAE Securidaca longepedunculata LC Unit 6 
Source:  National Forests Act, 1998 
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Several large specimens of the Schinziophyton rautanenii (Manketti tree) were observed 
in the northern parts of the study area (Figure 8.2) on the farms Gelykebult 455LQ and 
Eendragtpan 451LQ. This species is listed by the TSP as having a Least Concern status, 
possibly because of its widespread occurrence in neighbouring countries, however its 
occurrence in South Africa is highly restricted (van Wyk & van Wyk, 1997). The species 
is certainly worthy of special conservation status within the study area, and is considered 
when selecting Areas of Concern in Chapter 9. 
 

  
Figure 8.2 Examples of Schinziophyton rautanenii (Manketti tree) found in the study 

area 
 

8.2 Conservation Important Animal Species  
On a National level, Atlases and Red Data Books for mammals, birds and frogs have 
recently been updated (Friedman & Daly, 2004; Barnes, 2000; Minter et al, 2004), while 
the reptile Atlas in progress. These National listings follow the IUCN system for 
categorizing the conservation status of species. However, differences exist in species 
listed as Threatened / Near Threatened internationally between the two listings. The 
NEMBA (2007) provides a further listing of threatened and protected species that 
occasionally differs with the previous listings.  
 
On a Provincial level, the Limpopo Environmental Management Act, 2003 (Act No. 7, 
2003) lists Specially Protected Wild Animals (SPWA) (Schedule 2) and Protected Wild 
Animals (PWA) (Schedule 3) (LEDET, 2003) (Appendix 1). The primary reason for 
listing mammals as specially protected or protected is to control the hunting and/or 
catching of these species, i.e. permits are required from the relevant authorities. Species 
of conservation concern will be addressed according to the national listings and not at a 
provincial level, however SPWA and PWA species have been indicated below.  
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8.2.1 Mammals 

The Desktop review conducted by NSS for this study revealed that 30 Red Data mammal 
species (Friedman & Daly, 2004) could potentially occur within the study site, or are 
listed as protected species by the Limpopo Environmental Management Act, 2003. 
These species are presented in Table 8.4 with the likelihood of natural occurrence within 
the study site. Of these species, eight have been confirmed to occur and an additional 
six species are highly likely to occur.  
 
Table 8.4 Threatened and conservation important species potentially occurring within 

the study site, including NEMBA TOPS and Limpopo (LEDET) specially 
protected (SPWA) and Protected (PWA) species. 

SPECIES COMMON NAME 
RED 

DATA 
STATUS

NEMBA 
TOPS 

STATUS 
LEDET 

STATUS LoO

MACROSCELEDIDAE (Elephant shrews)     
Elephantulus 
brachyrhynchus 

Short-snouted elephant-
shrew DD   4 

Elephantulus intufi Bushveld elephant-shrew DD   2 
RODENTIA (Rodents)     

Graphirurs platyops Rock dormouse DD   4 
Lemniscomys rosalia Single-striped grass mouse DD   2 
Dasymys incomtus African marsh rat NT   4 
Tatera leucogaster Bushveld gerbil DD   ( 1 ) 

INSECTIVORA (Insectivores)     
Crocidura cyanea Reddish-grey musk shrew DD   2 
Crocidura hirta Lesser red musk shrew DD   3 
Atelerix frontalis Southern African hedgehog NT PS PWA 4 

CHIROPTERA (Bats)     
Rhinolophus hildebrandtii Hildebrandt's horseshoe bat NT   2 
Rhinolophus clivosus Geoffroy's horseshoe bat NT   3 
Rhinolophus darlingi Darling's horseshoe bat NT   2 
Cloeotis percivali Short-eared trident bat CR   4 
Miniopterus natalensis Natal clinging bat NT   3 
Pipistrellus rusticus Rusty pipistrelle NT   1 
Myotis tricolor Temminck's hairy bat NT   3 
Laephotis botswanae Botswana long-eared bat VU   4 

PHILODOTA (Pangolin)     
Manis temminckii Ground pangolin VU VU SPWA ( 1 ) 

CARNIVORA (Carnivores)     
Parahyaena brunnea Brown hyaena NT PS PWA 1 
Crocuta crocuta Spotted hyaena NT PS PWA 4 
Acinonyx jubatus Cheetah VU VU PWA ( 1 ) 
Panthera leo Lion VU VU PWA 5 
Leptailurus serval Serval NT PS PWA 3 
Lycaon pictus African wild dog EN EN SPWA 4 
Mellivora capensis Honey badger NT PS PWA 2 
Poecilogale albinucha African striped weasel DD   4 

PERISSODACTYLA (Rhinos & Zebras)     
Diceros bicornis Black rhinoceros (north-

eastern race) VU EN SPWA 1 
RUMINANTIA (Ruminants)     



Grootegeluk Mine  - Biodiversity Assessment 

NATURAL SCIENTIFIC SERVICES CC 

59 

SPECIES COMMON NAME 
RED 

DATA 
STATUS

NEMBA 
TOPS 

STATUS 
LEDET 

STATUS LoO

Damaliscus lunatus Tsessebe EN EN  1 
Hippotragus equinus Roan VU VU SPWA 5 
Hippotragus niger Sable VU  PWA 1 

Key to Likelihood of Occurrence (LoO): 
1 – Presence confirmed in the study area; ( 1 ) - Believed to be present or presence confirmed 

in adjacent areas within the same QDS as the study area. 
2 - Highly likely to occur 
3 - May occur 
4 - Possible, but low likelihood of occurrence 
5 – May occur as a managed or introduced population 

Source:  Friedman & Daly (2004) 
 
In addition to the Red Data listed threatened species, 12 confirmed or highly likely to  
occur, LC species (not threatened according to Friedman & Daly, 2004), that are listed 
as either Nationally or Provincially protected according the NEMBA TOPS (2007) or 
Limpopo (2003) PWA or SPWA lists are included in Table 8.4. Some examples of 
mammals of conservation concern that have been confirmed for the Grootegeluk study 
area are illustrated in Figure 8.3. 
 
Bats (Order: Chiroptera) are often overlooked because of their cryptic nature and 
because of the difficulty in observing and identifying them. Seven species have either 
been confirmed to occur or are likely to occur in the study site. The NEMA TOPS 
Regulations and Limpopo Environmental Management Act (2003) fails to recognise most 
bat species of conservation concern. Only one species, Otomops martiensseni (Large-
eared Free Tailed bat) is listed as VU by TOPS, therefore, these lists need to be 
updated. 
 
 
Table 8.5 Least Concern mammals that are NEMBA TOPS and Limpopo SPWA and 

PWA listed. 

SPECIES COMMON NAME IUCN 
Status 

NEMBA 
TOPS 
Status 

SPWA 
or 

PWA 
LoO 

TUBULIDENTATA      
Orycteropus afer Aardvark LC  SPWA ( 1 ) 

PRIMATES      
Galago moholi South African galago LC  PWA 2 

CARNIVORA      
Proteles cristatus Aardwolf LC  PWA ( 1 ) 
Panthera pardus Leopard LC VU PWA ( 1 ) 
Felis silvestris African wild cat LC  PWA 1 
Civettictis civetta African civet LC  PWA 1 
Otocyon megalotis Bat-eared fox LC  PWA 1 

PERISSODACTYLA      
Ceratotherium simum White rhinoceros LC PS SPWA 1 

RUMINANTIA      
Giraffa camelopardalis Giraffe LC  PWA 1 
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SPECIES COMMON NAME IUCN 
Status 

NEMBA 
TOPS 
Status 

SPWA 
or 

PWA 
LoO 

Syncerus caffer African buffalo LC  PWA 1 
Raphicerus campestris Steenbok LC  PWA 1 
Oreotragus oreotragus Klipspringer LC  PWA ( 1 ) 

Key to Likelihood of Occurrence (LoO): 
1 – Presence confirmed in the study area; ( 1 ) - Believed to be present or presence 

confirmed in adjacent areas within the same QDS as the study area. 
2 - Highly likely to occur 
3 - May occur 
4 - Possible, but low likelihood of occurrence 

Source:  Friedman & Daly (2004) 
 
 

   
a. Brown hyena  

(Parahyaena brunnea) 
b. African civet  

(Civettictis civetta) 
c. Black rhino 

(Diceros bicornis) 

   
d. Sable 

(Hippotragus niger) 
e. African buffalo 
(Syncerus caffer) 

f. White rhino 
(Ceratotherium simum) 

Figure 8.3 Examples of naturally occurring (a. and b.) and managed / introduced 
mammals (c. to f.) conservation important mammals. 

 
 
8.2.2 Birds 

 
The Desktop review lists 14 bird species (Table 8.1c) having an IUCN classification of 
Near Threatened or Vulnerable (Barnes, 2000) that could potentially occur within the 
study site. Seven of these species are listed by NEMBA TOPS and seven species are 
listed as SPWA by LEDET (2003) (Appendix 1). It is interesting to note that, according 
to LEDET (2003), any bird which is a wild animal is a PWA, excluding: 

• A bird which is a SPWA; 
• A bird which is game; and 
• 16 common species (refer to Appendix 1 for the list) 
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NSS has confirmed three species listed above during the current Jan 2010 survey and 
previous surveys of adjacent farms. 
 
Table 8.6 Conservation important birds potentially occurring in the study area 

STATUS OCCURRENCE  
SPECIES COMMON NAME 

IUCN NEMBA 
TOPS LEDET SABAP 

1 
SABAP 

2 LoO

Leptoptilos crumeniferus Marabou Stork NT  PWA x  2 
Mycteria ibis Yellow-billed Stork NT  PWA x  4 
Ciconia nigra Black Stork NT VU PWA x  4 
Phoenicopterus ruber Greater Flamingo NT  PWA x  4 
Phoenicopterus minor Lesser Flamingo NT  PWA x  4 
Sagittarius serpentarius Secretarybird NT  PWA x  3 
Gyps coprotheres Cape Vulture  VU EN SPWA x x 2 
Gyps africanus White-backed Vulture VU EN SPWA x x ( 1 ) 
Torgos tracheliotus Lappet-faced Vulture VU EN SPWA x  3 
Aquila rapax Tawny Eagle VU  SPWA x  2 
Polemaetus bellicosus Martial Eagle VU VU SPWA x  2 
Terathopius ecaudatus Bateleur VU VU SPWA x  2 
Ardeotis kori Kori Bustard VU VU SPWA x  ( 1 ) 
Glareola nordmanni Black-winged Pratincole NT  PWA x  4 
Buphagus 
erythrorhynchus 

Red-billed Oxpecker NT  PWA x  1 

Key to Likelihood of Occurrence (LoO): 
1 – Presence confirmed in the study area; ( 1 ) - Believed to be present or presence confirmed in 

adjacent areas within the same QDS as the study area. 
2 - Highly likely to occur 
3 - May occur 
4 - Possible, but low likelihood of occurrence 

Source:  Barnes (2004) 
 
 
8.2.3 Reptiles 

 
The list of reptiles of conservation importance that can be compiled is unfortunately 
inadequate for a number of reasons. (i) the Limpopo Provincial Authorities were unable to 
provide a list of conservation important species for the study area; (ii) Publication of the 
South African Reptiles Conservation Atlas (SARCA) is delayed; (iii) The last comprehensive 
conservation assessments on reptiles was conducted by B. Branch in 1988 and is is now 
very outdated. A limited list of conservation important reptiles has thus been compiled based 
on the NSS Desktop study of reptile species with a Likelihood of Occurrece (LoO), the IUCN 
conservation status of the potentially occurring reptiles at www.IUCNredlist.org 
(uncomprehensive), and the preliminary SARCA database. In addition, LEDET (2003) and 
NEMBA TOPS (2007) do list a handful of species. Clearly the SARCA is desperately needed 
for surveys such as these countrywide. The Desktop review lists the following reptile species 
of conservation concern that could potentially occur in the study area (Table 8.7): 
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Table 8.7 Conservation important reptiles potentially occurring in the study area 

SPECIES COMMON NAME IUCN 
STATUS 

NEMBA 
TOPS 

STATUS 

SPWA 
/ 

PWA 
LoO 

Python natalensis Southern African python VU; NT Regional PS PWA ( 1 ) 
Mehelya nyassae Black file snake   PWA 4 
Crocodylus niloticus Nile crocodile VU PS SPWA 4 
Key to Likelihood of Occurrence (LoO): 

1 - Presence confirmed in the study area; ( 1 ) - Believed to be present or presence 
confirmed in adjacent areas within the same QDS as the study area. 

4 - Possible, but low likelihood of occurrence 
 
Elapsoidea sundevallii longicauda (Long-tailed Garter Snake) was found on an adjacent 
farm and is considered to be a highly unusual find (G. Alexander, pers. comm). This is a 
significant range extension for the species that has to date only been known from a 
restricted distribution in the far north of South Africa (SARCA Database 2009).  
 
Psammobates oculiferus (Kalahari tent tortoise) are widespread in their distribution, but 
typically survive at low densities (G. Alexander, pers. comm.). A live specimen was 
observed on an adjacent farm. They are listed on CITES Appendix II (Alexander & 
Marais, 2007), however no specific conservation status is published for the species 
within South Africa. Publication of the conservation status of South African reptiles is 
pending, and we expect the conservation status assigned to these two species will be 
Data Deficient or Near Threatened.  
 
 
8.2.4 Amphibians 

A Conservation Assessment and Management Plan (CAMP) of the amphibians of South 
Africa (Harrison et al. 2001) resulted into the publication of the Atlas and Red Data Book 
of the Frogs of South Africa, Lesotho and Swaziland (Minter et al. 2004). This publication 
includes a chapter on conservation (Branch & Harrison 2004) in which the Red Data 
listings of South Africa’s amphibians are re-assessed using the latest, internationally 
accepted IUCN criteria. 
 
The Desktop review lists two conservation important amphibian species - Pyxiecephalus 
adspesus (Giant bullfrog) and P. edulis (African bullfrog) that could potentially occur in 
the study area (Table 8.8).These species have both been reported to occur in the clay 
pans in the west and south regions of the study area (Peter Scott pers comm., April 
2009).  
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Table 8.8 Conservation important reptiles potentially occurring at Grootegeluk 

SPECIES COMMON NAME IUCN 
STATUS 

NEMBA 
TOPS 

STATUS 
SPWA / 

PWA LoO

Pyxicephalus adspersus Giant Bullfrog NT PS PWA ( 1 ) 
Pyxicephalus edulis African Bullfrog LC PS  ( 1 ) 
Key to Likelihood of Occurrence (LoO): 

1 - Presence confirmed in the study area; ( 1 ) - Believed to be present or presence 
confirmed in adjacent areas within the same QDS as the study area. 

Source:    Minter et al. (2004) 
 
 
8.2.5 Invertebrates 

 
The NEMBA TOPS (2007) lists 7 protected invertebrate species that have the potential 
to occur within the study area. These species are presented in Table 8.9. 
 
Table 8.9 Conservation important invertebrates potentially occurring at Grootegeluk 

SCIENTIFIC NAME COMMON NAME 
NEMBA 
TOPS 

STATUS 

LoO 
WITHIN 

STUDY AREA 
Manticora sp. Monster Tiger Beetles PS ( 1 ) 
Opisthacanthus spp. Creeping Scorpions PS 2 
Opistophthalmus spp. Burrowing Scorpions PS 1 
Hadogenes spp. Flat Rock Scorpions PS 2 
Ceratogyrus sp. Horned Baboon Spiders PS ( 1 ) 
Harpactira sp. Common Baboon Spiders PS 2 
Pterinochilus sp. Golden Baboon Spiders PS 2 
Key to Likelihood of Occurrence (LoO): 

1 – Presence confirmed in the study area; ( 1 ) - Believed to be present or presence 
confirmed in adjacent areas within the same QDS as the study area. 

2 - Highly likely to occur 
3 - May occur 
4 - Possible, but low likelihood of occurrence 

Sources:   Filmer, 1995;  Leeming, 2003;  Picker et al., 2002 
 
Opistophthalmus spp (Burrowing scorpions) were found to be widespread in the study 
site and were encountered in pitfall traps. On adjacent farms, holes presumed to belong 
to MYGALOMORPH spiders (baboon spiders) were observed and one hole was 
investigated, and found to contain a Ceratogyrus bechuanicus (Horned Baboon Spider). 
Manticora spp. (Monster Tiger beetles) are widespread in the study area and were 
frequently encountered on the adjacent farms. 
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8.3 Alien Plant Species 
 
Alien species, especially invasive species, are a major threat to the ecological 
functioning of natural systems and to the productive use of land. These plants can have 
the following negative impacts on our natural systems: 
• A loss of biodiversity and ecosystem resilience as alien species out-compete 

indigenous flora and in doing so reduce complex ecosystems to mono-cultures 
therefore destroying habitats for both plant and animals; 

• Through increased evaporative transpiration rates ‘alien thickets’, reduce the amount 
of ground water thus reducing the volume of water entering our river systems; 

• Alien invasives dry out wetlands and riparian areas thereby increase the potential for 
erosion in these areas; 

• The loss of potentially productive land, and the loss of grazing potential and livestock 
production; 

• Poisoning of humans and livestock; 
• An increase in the cost of fire protection and damage in wildfires due to alien invasive 

stands being denser than natural vegetation and the wood more resinous, creating 
hotter fires;  

• An increased level of erosion, following fires in heavily invaded areas, as well as the 
siltation of dams. 

 
In terms of the amendments to the regulations under the Conservation of Agriculture 
Resources Act, 1983 (Act No.  43 of 1983), landowners are legally responsible for the 
control of alien species on their properties.  Declared weeds and invasive species had 
been divided into three categories in accordance with the Act (Chapter 4.3).   
 
The protection of our natural systems from invasive species is further strengthened 
within Sections 70-77 of the National Environmental Management: Biodiversity Act, 2004 
(Act 10 of 2004).  Section 73 (2) states that a person who is the owner of land on which a 
listed invasive species occurs must: 
• notify any relevant competent authority, in writing, of the listed invasive species 

occurring on that land; 
• take steps to control and eradicate the listed invasive species and to prevent it from 

spreading; and 
• take all the required steps to prevent or minimise negative impacts to biodiversity. 
 
During the field investigations six Category 1, seven Category 2 and three Category 3 
listed alien invasive species were identified (Table 8.10 and Figure 8.4). 
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Table 8.10 Alien plant species identified in the study area 

SCIENTIFIC NAME COMMON NAME CATEGORY VEG. 
UNITS 

Agave americana American Agave Category 2 Unit 1 
Alternanthera caracasana Paper thorn Weed Unit 1 
Bidens pilosa Black jacks Weed Unit 3 
Cereus jamacaru Queen of the night Category 1 Unit 5 
Cymbopogon pospischilii Narrow-leaved turpentine grass Weed Unit 1 
Datura ferox Large thorn apple Category 1 Unit 1 
Flaveria bidentis Smelter's bush Weed Unit 1 
Lepidium bonariense Pepperweed Weed Unit 1 
Opuntia ficus-indica Prickly pear Category 1 Unit 2 
Opuntia humifusa Creeping prickly pear Category 1 Unit 1 
Pennisetum setaceum Fountain grass Category 1 Unit 2 
Portulaca oleraceae Common purslane Weed Unit 1 
Pupalia lappacea var. lappacea Forest burr Weed Units 2, 4 
Richardia scabra Paper thorn Weed Units 1, 6 
Schkuhria pinnata Dwarf marigold Weed Unit 1 
Sesbania bispinosa var. bispinosa Spiny Sesbania Weed Unit 1 
Solanum nigrum Nightshade Weed Unit 2 
Source:  Bromilow (2001) 

 
The occurrence of alien species is most severe in the inner mining area where frequent 
disturbances of the soil are taking place. Species found to be frequent there include 
Opuntia ficus-indica, Flaveria bidentis, Pennisetum setaceum, Richardia species and 
Cereus jamacaru. Greater control of these species is strongly recommended. 
 
On the Ferroland areas outside of the mining area, the vegetation supporting the 
greatest diversity of alien species was the Boscia albitrunca - Lycium schizocalyx open 
clay woodlands. This vegetation unit is heavily grazed and there are many exposed 
areas where alien species are easily able to establish. However, overall the alien 
vegetation infestations outside of the inner mining area were generally observed to be 
minimal, except Altenanthera species that were abundant during the early winter season 
around many of the pans. A number of commendable alien control efforts were noticed in 
the Ferroland areas, which included dead Cereus jamacaru plants that had been treated 
with herbicides, labourers instructed to hand-pull aliens and old fields where aliens were 
uprooted (Figure 8.4). 
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Datura ferox (Large Thorn 

Apple) – Category 1 
Opuntia humifusa  (Creeping 

prickly pear) – Category 1 
Alien vegetation control efforts 

Figure 8.4 Examples of declared alien species and alien control efforts in the study 
area 

 

8.4 Medicinal and Economic Important Plant Species 
 
There is a growing focus on the importance of medicinal plants and traditional health 
systems in solving the health care problems of the world. Because of this awareness, the 
international trade in plants of medical importance is growing phenomenally, often to the 
detriment of natural habitats and mother populations in the countries of origin.  According 
to Van Wyk et.al. (2000), over 3000 of the 30 000 plant species (10%) are recorded to 
have known medicinal properties and over 350 of these are commonly used and/or 
traded for their medicinal use. Within South Africa, the need for medicinal plants is 
increasing. This is evident through the establishment of large urban markets (e.g. 
Durban and Johannesburg) that have developed for trade in traditionally used medicinal 
plants and products. This shift from subsistence use to commercial trading of medicinal 
plants has led to an increased intensity and frequency of medicinal plant harvesting from 
their natural habitats (Diederichs et.al., 2002). However, cultivation of medicinal plants is 
minimal in South Africa. Consequently, certain popularly traded species have become 
over-exploited and are now rare or extinct in the wild. This has resulted in the forced use 
of alternative species and a geographical shift in the harvesting pressure to previously 
unexploited areas.  
 
28% of the species recorded within the study area have documented medicinal uses 
(locally or nationally), a further 1.7% of the species are edible to man and 5% have 
economic uses. The known medicinal, food and economic values of species are listed in 
Appendix 4. 
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9. AREAS OF CONCERN 
 
Areas of Concern (AoC) are those areas that are of ecological importance due to their 
ecological sensitivity. The ecological sensitivity of any piece of land is based on its 
inherent ecosystem service (e.g. wetlands) and overall preservation of biodiversity. The 
following factors are considered when determining the level of sensitivity: 
 

 Ecological Function  
Ecological function relates to the degree of ecological connectivity between systems 
within a landscape matrix. Therefore, systems with a high degree of landscape 
connectivity amongst one another are perceived to be more sensitive and will be 
those contributing to ecosystem service (e.g. wetlands) or overall preservation of 
biodiversity. 

 Conservation Importance  
Conservation importance relates to species diversity, endemism (unique species or 
unique processes) and the high occurrence of threatened and protected species or 
ecosystems protected by legislation. 

 
From the above factors, a sensitivity scale is determined. The sensitivity scale described 
below is based on the sensitivity-value process that has been developed within 
SANParks to ensure that land-use, development and zoning decisions within national 
protected areas are based on best possible landscape-level biodiversity informants 
(SANParks, 2005). 
 

 High – Sensitive ecosystems with either low inherent resistance or low resilience 
towards disturbance factors or highly dynamic systems considered being 
important for the maintenance of ecosystem integrity. Most of these systems 
represent ecosystems with high connectivity with other important ecological 
systems OR with high species diversity and usually provide suitable habitat for a 
number of threatened or rare species. These areas should be protected; 

 Medium – These are slightly modified systems which occur along gradients of 
disturbances of low-medium intensity with some degree of connectivity with other 
ecological systems OR ecosystems with intermediate levels of species diversity 
but may include potential ephemeral habitat for threatened species; and 

 Low – Degraded and highly disturbed/transformed systems with little ecological 
function and are generally very poor in species diversity (most species are 
usually exotic or weeds).  

 
As Limpopo Province only provides lists of protected and specially protected species 
(LEDET, 2003) and does not provide any guidelines for sensitivity mapping, NSS has 
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adopted GDARD’s (Gauteng Department of Agriculture and Rural Development’s) latest 
Minimum Requirements for Biodiversity Assessments Version 2 (2009) to suggest buffer 
zones on the most and highly sensitive habitat types within the study boundary area. The 
following buffer zones, where no construction should take place, were considered: 

 A 50m buffer zone for wetlands occurring outside the urban edge.  
 A 200m buffer zone for Class 1 ridges must be designated as sensitive. Class 1 

ridges are 0-5% transformed. Nelson’s Kop would be considered a Class 1 ridge. 
 Buffer zones of 200m must be placed on all good condition natural vegetation 

areas to mitigate deleterious edge effects.  
 
Seeing that the clay pans have not been dileneated yet and the other 2 criteria are 
applicable to the study area, a standard 200m buffer against all areas of high 
conservation importance was mapped. Figure 9.1 illustrates the the AoC and respective 
buffer areas. 
 
It is important to note the strong connectivity between the clay pan areas on the western 
side of the study area. Figure 9.1 shows the Pit Extension Area - 41% of this area is 
designated as highly sensitive. Unfortunately, these highly sensitive areas are going to 
be subjected to open cast mining and hence effective mitigation should be implemented. 
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Figure 9.1 Areas of Concern for the study area 
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10. IMPACT IDENTIFICATION & DISCUSSION 

10.1 Existing Impacts 
Existing impacts are simply mentioned here, with more detailed discussion on future 
impacts below. The most significant existing impacts are those caused by the 
extensive opencast mine pit and associated infrastructure in the central part of the 
study area. The impacts discussed in Section 10.2 below would have been 
applicable at the commencement of mining and are currently valid during operation of 
the current open pit. 
 
Other activities resulting in less significant current impacts within and surrounding the 
study area includes: 

• Sewerage works facilities; 
• Road traffic and associated noise and air pollution; 
• Human settlement on surrounding lands; 
• Poaching and hunting threats; and 
• Alien plant invasion.  

 

10.2 Future Impacts 
The future impacts discussed below will be caused by the extension of the opencast 
mining pit to the south and west directions and due to potential borrowing of cover 
material on additional areas for the backfilling and rehabilitation of the pits. Indirect 
impacts related to the extension of mining are also discussed. 
 
10.2.1 Degradation, reduction and loss of terrestrial habitat 

This impact is caused by the following actions: 
• Clearing of vegetation 
• Stripping of soil and modification of soil conditions 
• Changes in topography 
• Dust depositon 

 
Large tracts of natural habitat remain on the surrounding farms. The loss of this land 
is significant because, with all the coal mining and power generation facilities planned 
for the area, keeping large areas of natural land undeveloped is very important for 
the conservation of biodiversity in the area, including but not limited to: 

• Ensuring enough home range and foraging area for large game species 
(including protected species such as Tsessebe, Sable, Black and White 
Rhinos, etc.); 

• Conservation important carnivore species (e.g. Brown hyena, African Civet, 
Cheetah, Leoard, etc.);  
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• Protection of small burrowing species (e.g. Bullfrogs, Baboon spiders, 
Scorpions etc.); 

• Maintianing sufficient foraging ground for birds of prey and aerial insect 
feeders, e.g. Swallows, Swifts and Bats; and  

• The maintainence of ecosystem functioning. 
 
Open cast mining usually requires that the soil is stockpiled for later habitat 
restoration. Although the soils may be returned to their original location, the natural 
soil horizons are destroyed and compaction may be very different to the original 
situation. Many species of fossorial herpetofauna appear to have very specific 
requirements with regards to soil conditions, and habitat restoration may thus be 
entirely ineffective from their perspective. Knowledge of microhabitat requirements of 
these species is thus crucial, but is currently almost entirely lacking. 
 
The removal of coal from the area of the coal footprint will result in a significant 
lowering of the land surface. This level will depend on the backfill procedures. Any 
drastic lowering of the land surface is likely to have a significant impact on the 
drainage in the area, and is likely to reduce freshwater runoff from the mine footprint. 
Since many of the species of fossorial herpetofauna in the area are dependent on 
well-drained aeolian sand, this is likely to impact them negatively. Additionally, if 
freshwater on the footprint becomes polluted, the impact of this pollution is likely to 
be exacerbated as it will remain on the footprint. 
 
10.2.1 Habitat fragmentation 

Fragmentation can create many ‘problems’ for species, such as: genetic isolation, 
limitation of dispersal and migration, and the decline of populations requiring large 
territories. Linkages between natural areas within and surrounding the study site are 
essential in maintaining faunal diversity. 
 
Fragmentation, due to the clearance of a large area of natural vegetation (and habitat 
types) to accommodate surface mining and infrastructure can lead to the loss of 
genetic variability between meta-populations within the study site and adjacent areas 
of similar habitat types.  
 
Other impacts include the loss of functional guilds (and the subsequent loss of 
species), e.g. in dung beetle assemblages due to a decrease in mammalian diversity 
(and subsequent loss of dung resources and larger bodied dung beetle taxa). 
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10.2.2 Dispersal of species and changes in the community structure due to: 

• Degradation or loss of habitats 
• Increased ambient noise and activity levels 

 
It is likely that animals sensitive to disturbance will move away from the mining area 
and immediate surrounds. The animal composition will shift due to an anticipated 
loss in habitat area to opencast mining and increased ambient disturbance levels. In 
addition, it is predicted that more generalist species will dominate the study area 
when untransformed bushveld is converted to mining pits. 
 
10.2.3 Death or illness of spescies due to: 

• Decreased air quality 
Apart from the effect that coal dust can have on water quality (see below), caking 
dust may induce respiratory disease in the fauna in much that same way that it 
does in humans.  
• Increased kill rate of the natural biota through: 

o Increased road kill rates 
o Hunting 
o Fear 

 
10.2.4 Invasion of alien species 

The clearing of vegetation during the construction and operational phase will leave 
bare patches of soil, thereby enhancing the colonisation by ruderal weeds or 
declared alien species that will prohibit the natural succession of plant growth. Such 
soil disturbances (as well as the inappropriate handling of topsoil) could enhance the 
spread of invader taxa. Alien species spread by massive seed production and 
dispersal by wind, water, animals or vehicles. The presence of aliens in an area 
therefore poses a threat to the natural vegetation. 
 
10.2.5 Influx of people, settlements and associated infrastructure 

Secondary impacts, such as habitat destruction and disturbance due to an influx of 
people to fill new mining jobs. Increased numbers of people means increased 
pressure on natural resources 
 
10.2.6 Loss of conservation important taxa 

Many conservation important species were identified and have the potential to occur 
with the study area. They are at risk due to the all the impacts mentioned above. The 
anticipated loss and fragmentation of habitat and food resources, increased activity, 
noise levels, and pollution will result in the displacement of threatened, “near-
threatened” and conservation important species. 
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11. CONCLUSIONS & RECOMMENDATIONS 
 
As the mining extension is inevitable and amelioration in the form of habitat 
restoration post-mining are often superficial in the respect that they do not recreate 
crucial microhabitats necessary for the reintroduction of all displaced species, 
additional recommendations in terms of offset mitogation and strategic planning are 
also discussed below. 
 
It is unfortunate that the suitable coal seam and topsoil areas overlap with the most 
sensitive ecological areas – the open clay habitats that provide essential focal 
congregation and watering points for game and wildlife species, breeding sites for 
Bullfrog, Butterflies and numerous other species. However, seeing that approval has 
already been received, prior to an adequate biodiversity assessment for the area, the 
current study strongly recommends the following: 
 

11.1 Confinement 
Mining and material borrowing should be restricted to the proposed pit extension 
footprint area and not spread beyond this area.  All mining related and associated 
development activities should stay outside of all the remaining ‘High Areas of 
Conservation Importance’ and associated ‘Buffer Zones’ within the greater study area 
(Figure 9).  
 
If additional fill material is needed for the opencast pits, outside of the proposed 
extension area, NSS strongly advises that Exxaro investigates a collaborative effort 
with surrounding power plants for the use of Ash as fill material. Discussions with 
authorities may lead to exemption from or relaxing of NEMWA (2008) laws due to 
regional environmental benefits. This route should be further investigated. 
 

11.2 Rehabilitation Plan 
NSS should have input into the final Rehabilitation Plan being developed by Redco to 
ensure that the final land use is ecologically sound and to provide additional ideas. 
For example: 

• A plant nursery should be established as a holding facility to protect specific 
plants that are of conservation value, such that these can be returned to 
suitable habitats as restoration becomes possible. Mining environmental 
regulations require ongoing small-scale restoration projects for unnecessary 
roads or disturbed areas in the course of mining operations. Having a nursery 
established at an early stage will ease the restoration task and avoid the 
unnecessary loss of some plant genetic material. The nursery should also 
stock the medicinal species found on site. 
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• The greater study area supports numerous tortoises. These animals can be 
easily located after good rains and successfully translocated to adjacent 
areas prior to mining with minimal cost. The Kalahari Tent Tortoise 
(Psammobates oculiferus) is one of the tortoise species that potential exists in 
the study area (was found on adjacenet farms). Recent literature suggests 
that little is known about the ecology this species (Alexander & Marias, 2007). 
Similarly to the plant nursery, an extensive tortoise holding facility could be 
established specifically for individual Kalahari Tent Tortoises moved from 
areas about to be mined. These could be protected within a large enclosure 
where their predators (primarily man and vehicles) are minimised, and they 
are free to multiply. A valuable herpetological research opportunity would 
similarly be created. 

 

11.3 Conservation and Land Management Plan 
The Grootegluk mining area and Ferroland reserve area is extensive, covering nearly 
20 000 ha of land, with only portions of the area proposed to be mined. It is therefore 
recommended that those areas that are not yet mined are committed to conservation 
principles for the interim period and managed in a professional manner.  
 
Seeing that Ferroland already is managed as a game and hunting reserve, 
management principles and skills are in place. It will be valuable to review these 
princples in light of the mining extensions in the form of a Conservation Plan. The 
Plan should cover (but not be limited to) the following issues: 

• Placement of fencing and infrastructure to prevent the restriction of movement 
of certain species but to enclose others requiring specific management. 
Infrastructure referred to includes telephone and electricity lines, buildings, 
and roads.  

• Adequate water availability / provision – A number of artificial water points do 
exist. The adequacy and maintenance of these water points will need to be 
assessed, especially if the natural pan areas are to be mined out.  

• Carrying capacities and game stock numbers to be reviewed to prevent over- 
or under-grazing and browsing. 

• The Conservation Plan must take into consideration, not just the larger 
stocked game species, but naturally occurring wildlife. The Plan should 
address species and habitats of conservatioin concern. 

 
The requirements for the establishment of the Rehabiliation and Conservation Plans 
will need to be determined and budgeted for, in respect of responsibilities, personnel, 
infrastructure, equipment and operating costs. 
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11.4 Biodiversity Offset 
Due to the high ecological significance of the area to be lost to the pit extension area, 
a ‘Biodiversity Offset’ is recommended. A ‘Biodiversity Offset’ is a sustainable 
“conservation action intended to compensate for the residual, unavoidable harm to 
biodiversity caused by development projects, so as to aspire to no net loss in 
biodiversity. Before developers contemplate offsets, they should have first sought to 
avoid and minimize harm to biodiversity.” (Ten Kate, Bishop & Bayon, 2004). During 
“offsite mitigation” the mining company must identify and manage an additional area 
of at least the same size and of similar ecological function and species composition 
to the affected area at their own cost and within the approximate region. In order for 
Exxaro to identify such an area, with the same open clay pan habitats connected via 
densly vegetated clay habitats, a desktop negative mapping process with ground 
truthing will need to be conducted as a seperate study within areas surrounding the 
current study area. No such combination exists within the current study boundaries. 
 
Please refer to Appendix 13 for a more detailed discussion on Biodiversity Offsets. 
 

11.5 Mega-corridor 
When looking at the Limpopo Sweet Bushveld as a whole and it’s conservation 
targets, there is less than 1% under statutory conservation, way short of the target 
conservation level of 19% (Mucina & Rutherford 2006). In addition, the region has 
received a number of applications for residentia, industrial and mining rights which 
will progressively lead to habitat transformation and/or loss within this vegetation 
type, and thereby further reduce the opportunity of attaining the required 
conservation goals. The indiscriminate transformation of natural habitat types will 
result in the loss of vast tracts of habitat units within this vegetation type, the 
disruption of the natural game migration corridors and habitat fragmentation. 
Therefore, NSS strongly recommends the development and implementation of a 
multi-party “mega-corridor” that that will satisfy both the ecological requirements of 
the natural populations in the area and embrace all natural variation identified from 
the region. The establishment of the ”mega-corridor” will need to involve all 
stakeholders in the region (e.g. developers, mining companies, environmental 
consultants, farmers and authorities) involved in developmental and mining 
applications in the area. Such an initiative will efficaciously represent a conservation 
benchmark for “sustainable” development in the region.  
 
South Africa’s National Biodiversity Strategy and Action Plan (NBSAP), sets out a 
framework and a plan of action for the conservation and sustainable use of South 
Africa’s biological diversity and the equitable sharing of benefits derived from this 
use. NBSAP identified mining as one of the activities that causes habitat 
transformation and degradation, and seriously threatens aquatic and terrestrial 
biodiversity. The strategy promotes the inclusion of biodiversity considerations in 
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mining regulations, guidelines and best practice codes to mitigate negative impacts 
and encourage sustainable mining practices through partnerships. One of the 5 key 
strategies of the NBSAP is: “to create a network of protected areas that conserves a 
representative sample of biodiversity and maintains key ecological processes across 
the landscape and seascape”. For the Lephalale surrounds, this could mean the 
establishment of a large scale Biodiversity Offset or “Mega-Corridor” will be a long-
term project and will require the involvement of all stakeholders. The establishment of 
such a corridor will allow protection of the existing sensitive habitats discussed in this 
report and the continual migration of animal species.  
 

11.6 Permits Required 
Permits will be required by DEAT for the removal or disturbance of species protected 
under the National Environmental Management: Biodiversity Act, 2004 (Act no. 10, 
2004). Permits will also be required by the LEDET for the removal or disturbance of 
species protected by the Limpopo Environmental Management Act, 2003 (Act No. 7, 
2003).  
 
In terms of the National Forests Act of 1998, a licence should be granted by the 
Department of Water Affairs and Forestry (or a delegated authority) prior to the 
removal, damage or destruction of any protected tree species.  
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13. APPENDICES 
 

APPENDIX 1 Schedules 2 & 3 of the Limpopo Environmemntal 
Management Act, 2003 (Act No. 7 of 2003) 

SCHEDULE 2 
SPECIALLY PROTECTED WILD ANIMALS (SPWA) 

COMMON NAME SCIENTIFIC NAME 
Mammals 
African Elephant Loxodonta africana 
Ant Bear Orycteropus afer 
Black – footed Cat Felis nigripes 
Lichtenstein’s Hartebeest Alcelaphus lichtensteinii 
Pangolin Manis temmincki 
Red Duiker Cephalophus natalensis 
Black Rhino Diceros bicornis 
White Rhino Ceratotherium simum 
Roan Antelope Hippotragus equinus 
Sharpe’s Grysbok Raphicerus sharpei 
Suni Neotragus moschatus 
Wild Dog Lycaon pictus 
Birds 
African Finfoot Podica senegalensis 
African Marsh Harrier Circus ranivorus 
Bald Ibis Geronticus calvus 
Barred Owl Glaucidium capens 
Bat Hawk Macheirhamphus alcinus 
Bateleur Terathopius ecaudatus 
Bittern Botaurus stellaris 
Blue Crane Tetrapteryx paradisea 
Blue Swallow Hirundo atrocaerulae 
Kori Bustard Ardeotis kori 
Cape Parrot Poicephalus robustus 
Cape Vulture Gyps coprotheres 
Corncrake Crex crex 
Crested Guineafowl Guttera edouardi 
Tawny Eagle Aquila rapax 
Peregrine Falcon Falco peregrinus 
Taita Falcon Falco fasciinucha 
Grass Owl Tyto capensis 
Ground Hornbill Bucorvus leadbeateri 
Lesser Kestrel Falco naumanni 
Long - tailed Starling Lamprotornis mevesii 
Martial Eagle Polemaetus bellicosus 
Grey - headed Parrot Poicephalus fuscicollis 
Pel's Fishing Owl Scotopelia peli 
Pygmy Goose Nettapus auritus 
Rufous - bellied Heron Ardeola rufiventris 
Saddle - billed Stork Ephippiorhynchus senegalensis 
Short - clawed Lark Certhilauda chuana 
Short - tailed Pipit Anthus brachyurus 
Striped Flufftail Sarothrura affinis 
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African White - backed Vulture Gyps africanus 
Egyptian Vulture Neophron percnopterus 
Hooded Vulture Necrosyrtes monachus 
Lappet - faced Vulture Torgos tracheliotus 
White - headed Vulture Trigonoceps occipitalis 
White - backed Night Heron Gorsachius leuconotus 
White - bellied Korhaan Eupodotis cafra 
White - crowned Plover Vanellus albiceps 
Yellow - billed Oxpecker Buphagus africanus 
Yellow - throated Sandgrouse Pterocles gutturalis 
Reptiles 
Nile Crocodile Crocodylus niloticus 

 
 
 

SCHEDULE 3 
PROTECTED WILD ANIMALS (PWA) 

COMMON NAME SCIENTIFIC NAME 
Mammals 
Aardwolf Proteles cristatus 
African Civet Civettictis civetta 
African Wild Cat Felis sylvestris lybica 
Buffalo  Syncerus caffer 
Bushbaby Galago crassicaudatus 
Lesser Bushbaby Galago senegalensis 
Cape Clawless Otter Aonyx capensis 
Cheetah Acinonyx jubatus 
Bat - eared Fox Otocyon megalotis 
Cape Fox Vulpes chama 
Giraffe Giraffa camelopardalis 
Hedgehog Atelerix frontalis 
Hippo Hippopotamus amphibius 
Honey Badger Mellivora capensis 
Brown Hyaena Parahyaena brunnea 
Jameson's Red Rock Rabbit Pronolagus randensis 
Klipspringer Oreotragus oreotragus 
Leopard Panthera pardus 
Lion Panthera leo 
Meller's Mongoose Rhynchogale melleri 
Selous Mongoose Paracynictis selousi selousi 
Oribi Ourebia ourebia 
Common Reedbuck Redunca arundinum 
Mountain Reedbuck Redunca fulvorufula 
Grey Rhebok Pelea capreolus 
Sable Antelope Hippotragus niger 
Samango Monkey Cercopithecus mitis 
Serval Leptailurus serval 
Side - striped Jackal Canis adustus 
Steenbok Raphicerus campestris 
Tsessebe Damaliscus lunatus 
Yellow - spotted Rock Dassie Heterohyrax brucei 
Birds 
Any bird which is a wild animal excluding - 
i)          a bird which is a specially protected wild animal; 
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ii)         a bird which is game; and 
iii)        the following species: 
All species of mousebirds Family Coliidae 
Black - eyed Bulbul Pycnonotus barbatus 
Cape Sparrow Passer melanurus 
Black Crow Corvus capensis 
Pied Crow Corvus albus 
Cape Turtle Dove Streptopelia capicola 
Laughing Dove Streptopelia semitorquata 
Ostrich Struthio camelus 
Red - billed Quelea Quelea quelea 
Red - winged Starling Onychognathus morio 
Cape Weaver Ploceus capensis 
Masked Weaver Ploceus velatus 
Spotted - backed Weaver Ploceus cucullatus 
Reptiles and Amphibians 
Bullfrog Pyxicephalus adspersus 
Black File Snake Mehelya nyassae 
Cape File Snake Mehelya capensis 
Python Python sebae 
All other species of reptiles excluding; All species of the Class Reptilia; 
water monitor, rock monitor, and all excluding Varanus niloticus, 
indigenous snakes not listed in this Schedule. Varanus albigularis and all species 
  of the Sub Order Serpentes, except 
  Python sebae, Mehelya capensis and 
  Mehelya nyassae. 
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APPENDIX 2 Plant species recorded in the study area 

SCIENTIFIC NAME COMMON NAME STATUS 
/ ORIGIN

GROWTH 
FORM 

ACANTHACEAE Barleria dinteri Leather leaf Barleria LC Forb 
ACANTHACEAE Barleria lancifolia subsp. 
lancifolia 

Butterfly Barleria LC Forb 

ACANTHACEAE Blepharis subvolubilis Eyelash flower LC Forb 
ACANTHACEAE Justicia flava Yellow Justicia LC Forb 
ACANTHACEAE Ruellia patula White veld violet LC Forb 
AGAVACEAE Agave americana * American Agave Alien Succulent 
AMARANTHACEAE Alternanthera caracasana * Paper thorn Alien Creeping 
AMARANTHACEAE Pupalia lappacea var. 
lappacea * 

Forest burr Alien Forb 

AMARYLLIDACEAE Ammocharis coranica Sore eye lily LC Geophyte 
AMARYLLIDACEAE Nerine laticoma Vlei lily LC Geophyte 
ANACARDIACEAE Sclerocarya birrea subsp. 
caffra 

Marula LC Tree 

APOCYNACEAE Adenium oleifolium Impala lily relative LC Geophyte 
APOCYNACEAE Carissa bispinosa subsp. 
bispinosa 

Num Num LC Shrub 

APOCYNACEAE Sarcostemma viminale subsp. 
viminale 

Viney milkweed LC Succulent 

ASPARAGACEAE Asparagus cooperi Haakdoring LC Shrub 
ASPARAGACEAE Asparagus laricinus Bush Asparagus LC Shrub 
ASPARAGACEAE Asparagus suaveolens Bushveld Asparagus LC Shrub 
ASTERACEAE Bidens pilosa * Black jacks Alien Forb 
ASTERACEAE Dicoma arenaria Stekelsterretjie LC Forb 
ASTERACEAE Dicoma tomentosa Hairy Dicoma LC Forb 
ASTERACEAE Felicia clavipilosa subsp. 
transvaalensis 

Pokkeisblom LC Forb 

ASTERACEAE Flaveria bidentis * Smelter's bush Alien Forb 
ASTERACEAE Geigeria burkei subsp. burkei var. 
burkei 

Knoppiesvermeerbos LC Forb 

ASTERACEAE Hirpicium bechuanense Botswana marigold LC Forb 
ASTERACEAE Schkuhria pinnata * Dwarf marigold Alien Forb 
ASTERACEAE Seriphium plumosum Bankrotbos LC Shrub 
BIGNONIACEAE Rhigozum brevispinosum Short-thorn pomegranate LC Shrub 
BORAGINACEAE Ehretia rigida subsp. rigida Puzzlebush LC Shrub 
BORAGINACEAE Heliotropium lineare Narrow-leaved Heliotropium LC Forb 
BORAGINACEAE Heliotropium nelsonii Common string of stars LC Forb 
BRASSICACEAE Lepidium bonariense * Pepperweed Alien Forb 
BURSERACEAE Commiphora africana var. 
africana 

Hairy corkwood LC Shrub 

BURSERACEAE Commiphora glandulosa Tall common corkwood LC Shrub 
BURSERACEAE Commiphora neglecta Green-stem corkwood LC Shrub 
BURSERACEAE Commiphora pyracanthoides Common corkwood LC Shrub 
CACTACEAE Cereus jamacaru * Queen of the night Alien Cactus 
CACTACEAE Opuntia ficus-indica * Prickly pear Alien Cactus 
CACTACEAE Opuntia humifusa * Creeping prickly pear Alien Cactus 
CAESALPINIACEAE Burkea africana Wild seringa LC Tree 
CAESALPINIACEAE Peltophorum africanum African wattle LC Tree 
CAPPARACEAE Boscia albitrunca Shepherd's tree LC Tree 
CAPPARACEAE Boscia foetida subsp. 
rehmanniana 

Stink bush LC Tree 

CAPPARACEAE Cadaba aphylla Leafless Cadaba LC Succulent 
CAPPARACEAE Cleome hirta Pretty lady LC Forb 
CELASTRACEAE Gymnosporia senegalensis Red spike thorn LC Shrub 
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SCIENTIFIC NAME COMMON NAME STATUS 
/ ORIGIN

GROWTH 
FORM 

CELASTRACEAE Gymnosporia tenuispina Slender pendoring LC Shrub 
COMBRETACEAE Combretum apiculatum subsp. 
apiculatum 

Red bushwillow LC Tree 

COMBRETACEAE Combretum hereroense 
subsp. hereroense 

Russet bushwillow LC Tree 

COMBRETACEAE Combretum imberbe Lead wood LC Tree 
COMBRETACEAE Combretum zeyheri Large-fruited bushwillow LC Tree 
COMBRETACEAE Terminalia sericea Silver cluster leaf LC Tree 
COMMELINACEAE Commelina africana var. 
africana 

Yellow Commelina LC Forb 

COMMELINACEAE Commelina benghalensis Blue Commelina LC Forb 
COMMELINACEAE Commelina erecta Blue Commelina LC Forb 
CONVOLVULACEAE Evolvulus alsinoides Blue haze LC  
CRASSULACEAE Kalanchoe brachyloba Short-lobed Kalanchoe LC Succulent 
CRASSULACEAE Kalanchoe lanceolata  LC Succulent 
CUCURBITACEAE Cucumis anguria var. 
longaculeatus 

Wild cucumber LC Creeping 
forb 

CYPERACEAE Kyllinga alba White button sedge LC Sedge 
DRACAENACEAE Sanseviaria aethiopica Common bowstring hemp LC Succulent 
EBENACEAE Diospyros lycioides subsp. lycioides Bloubos LC Shrub 
EBENACEAE Euclea natalensis subsp. 
angustifolia 

Natal guarri LC Shrub 

EBENACEAE Euclea undulata Common guarri LC Shrub 
EUPHORBIACEAE Croton gratissimus var. 
gratissimus 

Lavender fever-berry LC Shrub 

EUPHORBIACEAE Flueggea virosa subsp. virosa White-berry bush LC Shrub 
EUPHORBIACEAE Schinziophyton rautanenii Manketti tree LC Tree 
EUPHORBIACEAE Spirostachys africana Tambotie LC Tree 
FABACEAE Acacia burkei Black monkey thorn LC Tree 
FABACEAE Acacia caffra Common hook thorn LC Tree 
FABACEAE Acacia erioloba Camel thorn Declining Tree 
FABACEAE Acacia erubescens Blue thorn LC Shrub 
FABACEAE Acacia fleckii Plate thorn LC Shrub 
FABACEAE Acacia grandicornuta Horned thorn LC Tree 
FABACEAE Acacia karroo Sweet thorn LC Tree 
FABACEAE Acacia mellifera subsp. detinens Swarthaak LC Shrub 
FABACEAE Acacia nigrescens Knobthorn LC Tree 
FABACEAE Acacia nilotica subsp. kraussiana Sweet scented pod LC Tree 
FABACEAE Acacia robusta subsp. clavigera Splendid Acacia LC Tree 
FABACEAE Acacia robusta subsp. robusta Splendid Acacia LC Tree 
FABACEAE Acacia tortilis subsp. heteracantha Umbrella thorn LC Tree 
FABACEAE Acacia xanthophloea Fever tree LC Tree 
FABACEAE Albizia anthelmintica Worm-root false-thorn LC Tree 
FABACEAE Bauhinia petersiana subsp. 
macrantha 

Coffee neat's foot LC Shrub 

FABACEAE Chamaecrista mimosoides Fishbone dwarf cassia LC Forb 
FABACEAE Dichrostachys cinerea subsp. 
africana var. africana 

Sekelbos LC Shrub 

FABACEAE Elephantorrhiza burkei Elephant's root LC Shrub 
FABACEAE Indigastrum costatum subsp. macrum False Indigo LC Forb 
FABACEAE Indigofera astragalina Large-leaved Indigo LC Forb 
FABACEAE Indigofera ingrata Unpleasant Indigo LC Forb 
FABACEAE Mundulea sericea subsp. sericea Corkwood LC Shrub 
FABACEAE Schotia brachypetala Huilboerboon LC Tree 
FABACEAE Sesbania bispinosa var. bispinosa * Spiny Sesbania Alien Forb 
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SCIENTIFIC NAME COMMON NAME STATUS 
/ ORIGIN

GROWTH 
FORM 

FABACEAE Tephrosia semiglabra Half-smooth Tephrosia LC Forb 
FABACEAE Tylosema fassoglensis Gemsbok bean LC Creeping 
HYACINTHACEAE Albuca glauca Waxy Albuca LC Geophyte 
HYACINTHACEAE Albuca sp. - - Geophyte 
HYACINTHACEAE Ledebouria marginata Serrated edge Ledebouria LC Geophyte 
LAMIACEAE Acrotome sp. Waaibossie - Forb 
LIMEACEAE Limeum sulcatum var. sulcatum Klosaarbossie LC Forb 
LOGANIACEAE Strychnos cocculoides Corky monkey orange LC Tree 
LOGANIACEAE Strychnos pungens Spine-leaved monkey 

orange 
LC Shrub 

MALVACEAE Abutilon angulatum var. angulatum Elaphant's ear LC Forb 
MALVACEAE Abutilon hirtum var. hirtum Yellow Abutilon LC Forb 
MALVACEAE Adansonia digitata Baobab LC Tree 
MALVACEAE Grewia bicolor var. bicolor White raisin LC Shrub 
MALVACEAE Grewia flava Velvet raisin LC Shrub 
MALVACEAE Grewia flavescens Sandpaper raisin LC Shrub 
MALVACEAE Grewia monticola Silver raisin LC Shrub 
MALVACEAE Grewia occidentalis var. 
occidentalis 

Cross berry LC Shrub 

MALVACEAE Hermannia boraginiflora Groot gombossie LC Forb 
MALVACEAE Hibiscus micranthus var. 
micranthus 

Tiny white Hibiscus LC Forb 

MALVACEAE Hibiscus platycalyx Platkelk Hibiscus LC Forb 
MALVACEAE Hibiscus trionum * Bladder Hibiscus Alien Forb 
MALVACEAE Melhania acuminata var. acuminata Bushy honeycup LC Forb 
MALVACEAE Sida ovata Mapungubwe Sida LC Forb 
MALVACEAE Waltheria indica Meidebosie LC Forb 
MORACEAE Ficus burkei Common wild fig LC Tree 
OCHNACEAE Ochna pulchra Peeling plane / Lekkerbreek LC Tree 
OLACACEAE Ximenia americana var. microphylla Blue sourplum LC Shrub 
PEDALIACEAE Dicerocaryum senecioides Devil's thorn / 

Beesdubbeltjie 
LC Creeping 

forb 
POACEAE Andropogon chinensis Hairy blue grass LC Grass 
POACEAE Andropogon eucomus Snowflake grass LC Grass 
POACEAE Aristida congesta subsp. barbicollis Spreading three-awn LC Grass 
POACEAE Aristida congesta subsp. congesta Tassel three-awn LC Grass 
POACEAE Aristida stipitata subsp. graciliflora Long-awnws grass LC Grass 
POACEAE Cenchrus ciliaris Foxtail buffalo grass LC Grass 
POACEAE Chloris gayana Rhodes grass LC Grass 
POACEAE Chloris virgata Feather-top Chloris LC Grass 
POACEAE Cymbopogon pospischilii * Narrow-leaved turpentine 

grass 
Alien Grass 

POACEAE Cynodon dactylon Kweekgras LC Grass 
POACEAE Digitaria eriantha Smuts finger grass LC Grass 
POACEAE Eleusine coracana subsp. africana Goose grass LC Grass 
POACEAE Eragrostis aspera Rough love grass LC Grass 
POACEAE Eragrostis chloromelas Curly leaf LC Grass 
POACEAE Eragrostis curvula Weeping love grass LC Grass 
POACEAE Eragrostis gummiflua Gum grass LC Grass 
POACEAE Eragrostis lehmanniana var. 
lehmanniana 

Lehman's love grass LC Grass 

POACEAE Eragrostis pallens Broom love grass LC Grass 
POACEAE Eragrostis racemosa Narrow heart love grass LC Grass 
POACEAE Eragrostis sp. Love grass species - Grass 
POACEAE Eragrostis superba Heart seed love grass LC Grass 
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SCIENTIFIC NAME COMMON NAME STATUS 
/ ORIGIN

GROWTH 
FORM 

POACEAE Heteropogon contortus Assegaai grass LC Grass 
POACEAE Melinis repens subsp. repens Natal red top grass LC Grass 
POACEAE Panicum maximum Guinea grass LC Grass 
POACEAE Panicum natalense Natal Panicum LC Grass 
POACEAE Pennisetum setaceum * Fountain grass Alien Grass 
POACEAE Perotis patens Cat's Tail grass LC Grass 
POACEAE Phragmites australis Common reed LC Grass 
POACEAE Pogonarthria squarrosa Herringbone grass LC Grass 
POACEAE Schmidtia pappophoroides Sand quick LC Grass 
POACEAE Setaria verticillata Bur bristle grass LC Grass 
POACEAE Sporobolus nitens Curly-leaved dropseed LC Grass 
POACEAE Stipagrostis uniplumis var. uniplumis Silky bushman grass LC Grass 
POACEAE Tragus berteronianus Carrot seed grass LC Grass 
POACEAE Urochloa mosambicensis Bushveld signal grass LC Grass 
POLYGALACEAE Securidaca longepedunculata 
var. longepedunculata 

Violet tree LC Tree 

PORTULACACEAE Portulaca collina Purslane LC Succulent 
PORTULACACEAE Portulaca kermesina Haaskos LC Succulent 
PORTULACACEAE Portulaca oleraceae * Common purslane Alien Succulent 
RHAMNACEAE Ziziphus mucronata subsp. 
mucronata 

Buffalo thorn / Blinkblaar 
Wag 'n bietjie 

LC Tree 

RUBIACEAE Gardenia volkensii subsp. volkensii 
var. volkensii 

Savanna Gardenia / 
Bosveldkatjiepeiring 

LC Tree 

RUBIACEAE Pavetta eylesii Large-leaved bride's bush LC Shrub 
RUBIACEAE Richardia scabra * Paper thorn Alien Creeping 

forb 
SAPINDACEAE Pappea capensis Jacket plum LC Tree 
SCROPHULARIACEAE Striga asiatica Witchweed LC Forb 
SOLANACEAE Datura ferox * Large thorn apple Alien Forb 
SOLANACEAE Lycium schizocalyx Savanna-kriedoring LC Shrub 
SOLANACEAE Solanum delagoense Bitterappel LC Forb 
SOLANACEAE Solanum lichtensteinii Large yellow bitter apple LC Forb 
SOLANACEAE Solanum nigrum * Nightshade Alien Shrub 
SOLANACEAE Solanum tettense var. renschii Mozambique bitter apple LC Forb 
TURNERACEAE Tricliceras glanduliferum Yellow lion's eye LC Forb 
ZYGOPHYLLACEAE Tribulus terrestris Devil's thorn LC Creeping 

forb 
Sources:  Plant-z-Africa (2010); POSA (2010); TSP (2009); Van Oudtshoorn (2002); Van Wyk & Malan 

(1998); Pooley (1998); Henderson (2001); van der Walt (2009) 
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APPENDIX 3 TWINSPAN table for sample plots and plant species 
Vegetation 

units:
3. 

Kop

Vegetation 
plots 1 13 24 22 3 12 23 25 26 28 27 14

1
6

1
5 17 18 4 21 2 7 11 19 20 5 6 9 8 10

Lycium schizocalyx + + + + 1 + . . . . . . . . . . . . . . . . . . . . . .
Boscia albitrunca + . + + . + . . . . . . + . . . . . . . . . . . . . . .
Diospyros lycioides 1 + . . . . . . . . . . . . . . . . . . . . . . . . + .
Asparagus cooperi . . . + + . + . . . . . . . . . . . . . . . . . . . . .
Justicia flava . . . . + + . . . . . . . . . . . . . . . . . . . . . .
Cadaba aphylla . . + + . . . . . . . . . . . . . . . . . . . . . . . .
Tragus berteronianus . . + . . + . . . . . . . . . . . . . . . . . . . . . .
Ehretia rigida + . . . + . . . . . . . . . . . . . . . . . . . . . . .
Schkuria pinnata * + . 1 . . . . . . . . . . . . . . . . . . . . . . . . .
Albuca glauca . + . . . + + . . . . . . . . . . . . . . . . . . . . .
Ammocharis coranica + + . . . + . . . . . . . . . . . . . . . . . . . . . .
Ruellia patula 1 . . . + . . . . . . . . . . . . . . . . . . . . . . .
Barleria dinteri + + . . . . . . . . . . . . . . . . . . . . . . . . . .
Geigeria burkei . 1 . . . . . . . . . . . . . . . . . . . . . . . . . .
Cymbopogon pospischilii * . 1 . . . . . . . . . . . . . . . . . . . . . . . . . .
Seriphium plumosum . 3 . . . . . . . . . . . . . . . . . . . . . . . . . .
Felicia clavipilosa . 1 . . . . . . . . . . . . . . . . . . . . . . . . . .
Melhania acuminata . . . . . . . 3 3 3 1 . . . . . . . . . . . . . . . . .
Acacia nigrescens . . . + . . 1 . 3 + 1 . . . . . . . . . . . . . . . . .
Hirpicium bechuanense . . . . . 2 + . + . . . . . . . . . . . . . . . . . . .
Pupalia lappacea * . . . . . . + . + . . . + . . . . . . . . . . . . . . .
Ximenia americana . . . . + . . . . + 1 . . . . . . . . . . . . . . . . .
Tribulus terrestris . . 1 . + + . + . 1 . . . . . . . . . . . . . . . . + .
Andropogon chinensis . . . . + . . . + . . . . . . . . . . . . . . . . . . .
Asparagus laricinus . . 1 + . . . . + . + . . . . . . . . . . . . . . . . .
Acacia tortilis + + + 1 + + . + + 2 1 . . + . 2 . + . + . + . . . . . .
Commiphora angolensis . . + 1 + + + + 1 1 1 . . + . . . . . . . . . . . . . .
Acacia erubescens + . 1 + 2 + . 1 . 2 3 . . . . . + . . . . . . . . . . .
Boscia foetida . . 2 1 2 + + 1 1 + 1 + 1 + . . . + . . . . . . . . . .
Pappea capensis . . . . . . . . . . . 3 . . . . . . . . . . . . . . . .
Croton gratissimus . . . . . . . . . . + 3 . . . . . . . . . . . . . . . .
Pavetta eylesii . . . . . . . . . . . 1 . . . . . . . . . . . . . . . .
Flueggea virosa . + . . . . . . . . . 1 . . . . . . + . . . . . . . . .
Bidens pilosa * . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Ficus burkei . . . . . . . . . . . + . . . . . . . . . . . . . . . .
Green rock shrub (014) . . . . . . . . . . . 1 . . . . . . . . . . . . . . . .
Spirostachys africana . . . . . . . . . . . + 4 4 . + . . . . . . . . . . . .
Acacia grandicornuta . . 2 3 3 . . . . . . . 2 2 . . . . . . . . . . . . . .
Gymnosporia senegalensis + . . . + . . . . . . . . . + 1 . . . . . . . . . . . .
Acacia erioloba  (Declining) . . . . . . . . . . . . . . 2 1 . + . + . . 1 + . + + 1
Terminalia sericea . . . . . . . . . . . . . . 2 + 2 2 2 2 2 2 2 3 + 3 2 3
Digitaria eriantha . . . . . . . . . . . . . . . + 3 3 3 3 + 2 2 3 2 2 3 3
Grewia monticola + . . . + . . . . . . . . . . . + . . + + + + + + . . 1
Stipagrostis uniplumis . . . . . . . . . . . . . . . . + 1 + + 1 . 2 . . 1 . 1
Indigofera ingrata . . . . . . . . . + . . . . . . + + + + . + . 2 2 . . .
Melinis repens . . . . . . . . . . . . . . . . . . . . . + . + + 1 + +
Bauhinia petersiana . . . . . . . . . . . . . . . . . . . . . 1 + + + . . .
Kyllinga alba . . . . . . . . . . . . . . . . . . + . . + . + . + . .
Chamaecrista mimosoides . . . . . . . . . . . . . . . . + 1 + . . . + . + . . .
Eragrostis pallens . . . . . . . . . . . . . . . . + + . . 3 . . + . . + +
Burkea africana . . . . . . . . . . . . . . . . . . . . . . 1 + 1 2 . +
Blepharis subvolubilis . . . . . . . . . . . . . . . . . . . + . . . + 2 . + +
Commelina africana . . . . . . . . + + . . . . . . . . + 2 . . . 3 . . . .
Securidaca longepedunculata . . . . . . . . . . . . . . . . . . . . . . . . . 1 + +
Tephrosia semiglabra . . . . . . . . . . . . . . . . . . . . . . . . . 1 . +
Tricliceras glanduliferum . . . . . . . . . . . . . . . . . . . + + . + . . . . .
Rhigozum brevispinosum . . . . . . . . . . . . . . . . . . 1 . . . . . . . . +
Heliotropium lineare . . . . . . . . . . . . . . . . + . + . . . + . . . . .
Tylosema fassoglensis . . . . . . . . . . . . . . . . . . 1 + . . . . + . . .
Barleria lancifolia . . . . . . . . . . . . . . . . + . + . . . . . . . . .
Sclerocarya birrea . . . . . . . . . . . . . . . . + + 1 . . + . . . . . .
Strychnos pungens . . . . . . . . . . . . . . . . . . . . + . . . . . . +
Solanum tettense . . . . . . . . . . . . . . . . + . . . + . . . . . . .
Cucumis anguria . . . . . . . . . . . . . . . . . . . . + + . . . . . .
Grewia occidentalis . . . . . . . . . . . + . + . . . + . . . . . . . . . .
Aristida stipitata . . . . . . . . . . . . . . + + . 2 + . + . 1 + . 1 + +
Acacia fleckii . . . . . . . . . . . . . . + + . 1 + . + 1 1 . + + 1 +
Gardenia volkensii . . . . . . . . . . . . . . + + . . 1 1 + + + 1 + 1 1 +
Perotis patens . . . . . . . . . . . . . . + + 2 + + . + . 1 2 1 + 1 +
Ochna pulchra . . . . . . . . . . . . . . + + + . . 2 1 + + + 1 3 3 1

6. Kalahari sand woodlands1. Open clay 
woodlands

2. Dense clay 
woodlands

4. 
Tabotie

5. 
Thickets
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Vegetation 
units:

3. 
Kop

Vegetation 
plots 1 13 24 22 3 12 23 25 26 28 27 14

1
6

1
5 17 18 4 21 2 7 11 19 20 5 6 9 8 10

Dichrostachys cinerea + . . 2 + 3 2 + + + . . + 1 1 + 3 3 2 2 + 1 1 + + + 1 .
Combretum apiculatum . . . . . + 2 . + 1 1 . . . + + 3 + 3 . 2 2 + . + . + .
Peltophorum africanum . . . + . + + + . + . + . . . . . . . + . . . . + 1 + +
Aristida congesta 2 + + . . + . + + + . . . . . . 2 . 2 2 . . . . . . . .
Eragrostis sp. + 3 . + . + 3 2 . + . . + + . . 2 . . + . 2 3 . . + . .
Schmidtia pappophoroides 1 + . . . + . + . . . + . . 2 . . . . + . + . . . . . .
Solanum delagoense 2 2 + + 1 3 3 + + . . + + . + + 2 1 . + 1 2 . . . . . .
Euclea undulata . + . . 1 1 . . . . . . 2 + + 2 . + . + . . . . . . + .
Panicum maximum 1 . . + . . . . + + + 2 + + . 3 + 1 . + . 2 . . + . + .
Grewia flavescens . . + . + . 1 . + . + + 2 1 1 2 1 . . . + + + . + . . +
Acacia mellifera + + + 2 + + . 1 . . . . + . . . + . . + . . . . . + . .
Grewia flava 2 2 . 2 2 + 2 3 2 1 3 . + + . + 2 . . + . + . . . . . .
Richardia scabra * 2 . . 1 2 . . . . . . . . . . . + . + . . + + . . . . .
Commiphora africana . . . . + . + . . . . + . . + . + . . . . . . . + . . .
Urochloa mosambicensis . . . + . 1 1 . . . + . . . . . . + . + . + + . . . . .
Euclea natalensis . . . . . . . . . . . . . . . . . . . + + . . . . + . .
Grewia bicolor . . . . . . + 2 + . + . . . + 1 . . . + . 1 . . . . . .
Hibiscus platycalyx . . . + 1 . . . . . . + 1 + . 1 . . . . + . . . + . . .
Acacia robusta . . + . . . + . . . . . . . + + . . . . . . . . . . . .
Ziziphus mucronata 2 + . . + . . . . . . . . . + 1 . . . . . + . . . . . +
Sanseviaria aethiopica . . . . + + . . . . . . + 1 . . . . . . . . . . + . + .
Elephantorrhiza burkei . . . . . . . . . . . . . . . . . . . . . . . . . . . +
Commiphora glandulosa . . + . . . . . . . . . + . . . . . . . . . . . . . . .
Hibiscus micranthus . . . . . . . . . + . . . . . + . . . . . . . . . . . .
Hermannia boraginiflora . . + . . . . . . . . . . . . . . + . . . . . . . . . +
Aristida cong. subsp. barbicollis . + . . . . . . . . . . . . . . . . . + . . . . . . . .
Pogonarthria squarrosa . . . . . . . . . + . . . . . . . . . . . . 1 . . . . .
Solanum lichtensteinii . . . . . + . . . . . . . . . . . . . . . . . . . . + .
Gymnosporia tenuispina . . . . . + . . . . . . . . . . . . . . . . . . + . . .
Albuca sp. . . . . + . . . . . . . . . . . + . . . . . . . . . . .
Commiphora neglecta . . . . . . . . . . . . . . . . . . . . . . . . + . . .
Acrotome sp. . . . . . . . . . . . . . . . . . . . . . . . . . . + .
Strychnos cocculoides . . . . . . . . . . . . . . . . . . . . . . . . . . . +
Striga asiatica . . . . . . . . . . . . . . . . . . . . r . . . . . . .
Portulaca kermesina . . . . . . . . . . . . . . . . . + . . . . . . . . . .
Cleome hirta . . . . . . . . . . . . . . . . . . + . . . . . . . . .
Commelina benghalensis . . . . . . . . . . . . . . . . . . 1 . . . . . . . . .
Acacia burkei . . . . . . . . . . . . . . . . . . . . . r . . . . . .
Dicoma tomentosa . . . . . . . . . . . . . . . . . . + . . . . . . . . .
Combretum hereroense . . . . . . . . . . . . . . . + . . . . . . . . . . . .
Kalanchoe lanceolata . . . . . . . . . . + . . . . . . . . . . . . . . . . .
Sporobolus nitens . . + . . . . . . . . . . . . . . . . . . . . . . . . .
Indigastrum costatum . . . . . + . . . . . . . . . . . . . . . . . . . . . .
Eragrostis chloromelas . . . . + . . . . . . . . . . . . . . . . . . . . . . .
Asparagus suaveolens . . . . + . . . . . . . . . . . . . . . . . . . . . . .
Carissa bispinosa . . . . + . . . . . . . . . . . . . . . . . . . . . . .
Abutilon angulatum . . + . . . . . . . . . . . . . . . . . . . . . . . . .
Kalanchoe brachyloba . . . . + . . . . . . . . . . . . . . . . . . . . . . .
Heliotropium nelsonii . . + . . . . . . . . . . . . . . . . . . . . . . . . .
Portulaca collina . . . + . . . . . . . . . . . . . . . . . . . . . . . .
Evolvulus alsinoides . . . . + . . . . . . . . . . . . . . . . . . . . . . .
Limeum sulcatum . . + . . . . . . . . . . . . . . . . . . . . . . . . .
Solanum nigrum * . . . . . . . . + . . . . . . . . . . . . . . . . . . .
Portulaca oleraceae * . . . . . + . . . . . . . . . . . . . . . . . . . . . .
Ledebouria marginata . . . . . . . . . + . . . . . . . . . . . . . . . . . .
Agave americana * . . . . . + . . . . . . . . . . . . . . . . . . . . . .
Waltheria indica . . . . . . + . . . . . . . . . . . . . . . . . . . . .
Flaveria bidentis * . . . . . + . . . . . . . . . . . . . . . . . . . . . .
Lepidium bonariense * . . . . . + . . . . . . . . . . . . . . . . . . . . . .
Opuntia humifusa * . . . . . + . . . . . . . . . . . . . . . . . . . . . .
Mundulea sericea + . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dicoma arenaria . + . . . . . . . . . . . . . . . . . . . . . . . . . .
Datura ferox * 1 . . . . . . . . . . . . . . . . . . . . . . . . . . .
Cynodon dactylon + . . . . . . . . . . . . . . . . . . . . . . . . . . .
Eragrostis gummiflua . + . . . . . . . . . . . . . . . . . . . . . . . . . .

6. Kalahari sand woodlands1. Open clay 
woodlands

2. Dense clay 
woodlands

4. 
Tabotie

5. 
Thickets
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APPENDIX 4 Medicinal, Food and Economic Uses for Plant Species 
MEDICINAL, FOOD AND ECONOMIC USES FOR PLANT SPECIES 
Acacia burkei 

The tree is browsed by stock and game. Bark and leaves used medicinally. 
Acacia caffra 

Makes good fencing poles and provides excellent firewood. The Zulu's take an infusion of the bark as 
an emetic for "blood cleansing'" and children are sometimes made to chew the leaves to relieve 
abdominal troubles. 

Acacia erioloba 
Dry powdered pods can be used to treat ear infections. The gum can be used for the treatment of 
gonorrhoea and the pulverized, burned bark can be used to treat headaches. The root can be used to 
treat toothache. 

Acacia erubescens 
The bark is used for making rope used in thatching. The wood is used for firewood and fence posts. 

Acacia grandicornuta 
The tree is bowsed by game. 

Acacia karroo 
The sweet thorn has many medicinal uses ranging from wound poultices to eye treatments and cold 
remedies.  The bark, leaves and gum are usually used.  It is also used to treat cattle which have tulp 
poisoning (Homeria sp.). 

Acacia mellifera subsp. detinens 
The twigs and pods are very nutritious to game and livestock.The twigs are chewed and used as 
toothbrushes by humans. The heartwood is termite - resistant and used as fencing posts. 

Acacia nigrescens 
The tree is browsed by stock and game, especially giraffe and elephant. 

Acacia nilotica subsp. kraussiana 
Leaves and pods nutritious. Pod extracts used to dye wool. Wood hard and used to dye furniture and 
fencing posts. Bark used in traditional medicines to treat a variety of ailments. Gum edible. 

Acacia tortilis subsp. heteracantha 
Branches are used for fencing and firewood. Bark used in traditional medicine. The leaves and pods 
are very nutritious to game. 

Acacia xanthophloea 
The tree is browsed by game. Bark is used medicinally. 

Adansonia digitata 
Fresh baobab leaves provide an edible vegetable similar to spinach which is also used medicinally to 
treat kidney & bladder disease, asthma, insect bites, & several other maladies. 

Adenium oleifolium 
Pounded fleshy leaves are used by the San to make an ointment for relief of snakebites and scorpion 
stings. A tea made from the root is used as a tonic and for treating fever. The sap is used as an arrow 
poison in southern Namibia. 

Asparagus suaveolens 
Roots used in traditional medicine. 

Albizia anthelmintica 
Barks and roots are an effective treatment against intestinal parasites, especially tapeworm. Bark is 
also used for basket weaving 

Bauhinia petersiana subsp. macrantha 
Leaves and roots utilised medicinally. 

Bidens pilosa 
Used traditionally to treat rheumatism, pain, diarrhoea, ear ailments. 

Boscia albitrunca 
Trees have medicinal and magical values. 

Boscia foetida subsp. rehmanniana 
Medicinally used to promote menstruation. 

Burkea africana 
Bark used in traditional medicines. 

Carissa bispinosa subsp. bispinosa 
Roots used to treat toothache and apparently also regarded as an aphrodisiac. 

Combretum apiculatum subsp. apiculatum 
Leaves and stems are used to treat stomach disorders and conjunctivitis. Seeds apparently poisonous 
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MEDICINAL, FOOD AND ECONOMIC USES FOR PLANT SPECIES 
(Van Wyk & Van Wyk 1997) 

Combretum hereroense subsp. hereroense 
Infusions of roots used in treating stomach disorders, venereal diseases and general body pains. Bark 
is used for heart diseases and heartburn (Van Wyk & Van Wyk 1997). 

Combretum imberbe 
Smoke that comes from the burning leaves has been used to relieve coughs, colds & chest 
complaints. The flowers can be used as a cough mixture. Treatment of diarrhoea & stomach pains, 
root decoctions are used. 

Combretum zeyheri 
Bark is used for treating gallstones. Root infusions are taken for diarrhoea and excessive menstrual 
flow. Leaves are apparently also used medicinally. 

Commelina africana var. africana 
Used for wide variety of ailments including fits, pain, heart complaints, venereal disease and bladder 
complaints. 

Commelina benghalensis 
Used traditionally to treat infertility, burns, sore throats, sore eyes, dysentery, rashes and leprosy. 

Commiphora africana var. africana 
Roots of young plants are juicy with a mildly sweet taste & can be chewed. The gum is also eaten; the 
bark is brewed to make a red tea. Leaves are browsed by livestock, especially camels & goats. Fruits 
are chewed or pounded & used against toothache. Bark and fruits used in traditional medicine. Gum 
and resin also used medicinally and as an insecticide (Van Wyk & Van Wyk 1997) 

Commiphora glandulosa 
Wood is used for household utensils. Often planted as a live fence (Van Wyk & van Wyk, 1997) 

Commiphora neglecta 
Root is sweet-tasting and edible. Wood is boyant and used for fishnet floats (Van Wyk & van Wyk, 
1997) 

Croton gratissimus var. gratissimus 
Despite its reputation as being poisonous, it is widely used medicinally. Finely ground bark is used for 
treatment of intestinal disorders, for bleeding gums and as a purgative. Burnt leaf fumes used for 
coughs,  and the smoke is inhaled for insomnia. 

Dicerocaryum senecioides 
Produces slime when immersed in water, used as a soap substitute (Pooley, 1998) 

Dichrostachys cinerea subsp. africana var. africana 
The leaves, for instance, are used to treat snakebite, toothache and sore eyes, as they are believed to 
have anaesthetic properties. 

Digitaria eriantha 
Palatable grazing grass 

Diospyros lycioides subsp. lycioides 
Twigs and roots are used as chewing sticks to clean teeth; roots also used for epilepsy and to 
produce a yellowish - brown dye. 

Ehretia rigida subsp. rigida 
Roots and branches valued in traditional medicine, for treating chest and stomach pains. 

Elephantorrhiza burkei 
Roots are used in traditional medicines for constipation and as an anti - emetic drug. 

Eragrostis racemosa 
Palatable grazing grass 

Euclea natalensis subsp. angustifolia 
Juice from boiled roots is used for dyeing palm-mats black; also used medicinally. Twigs used as 
toothbrushes. Fruit is edible. 

Euclea undulata 
Powdered root is a very strong purgative, but is also used to ease toothache and heart ailments; 
powdered bark used in treating headaches. 

Flueggea virosa subsp. virosa 
The slender branches are used for making fish traps while an infusion of various parts of the plant is 
used to relieve malaria, as a remedy for snakebite and as a treatment for diarrhoea and pneumonia. 

Gardenia volkensii subsp. volkensii var. volkensii 
Infusion of the fruits and roots induce vomiting. The wood is used for fences, sticks, spoons and 
firewood. 

Grewia bicolor var. bicolor 
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MEDICINAL, FOOD AND ECONOMIC USES FOR PLANT SPECIES 
The plant is browsed by game. Bark used medicinally and for fibre. 

Grewia flava 
The bark is used for making baskets, and an intoxicating drink is made from the fruit. The dried fruit is 
ground into a meal from which porridge is made. Pegs made from this plant are used as a protection 
against lightning. 

Grewia occidentalis var. occidentalis 
An important species in traditional medicine & is used for a variety of purposes. Bruised bark soaked 
in hot water is used to treat wounds. Roots used in a decoction to facilitate childbirth and for bladder 
ailments. 

Hibiscus trionum 
Plant - worms, internal parasites 

Justicia flava 
Used in traditional medicine to treat coughs. 

Mundulea sericea subsp. sericea 
The bark and the seeds of the cork bush are used as a fish poison. The leaves, bark and roots are 
used in traditional medicine. 

Opuntia ficus-indica 
The flowers & stems are antispasmodic, diuretic & emollient. The flowers are astringent & are used to 
reduce bleeding & treat problems of the gastro-intestinal tract, especially diarrhoea, colitis and irritable 
bowel syndrome. 

Pappea capensis 
Seeds yield oil that is a mild purgative, as a cure for ringworm. Leaves, bark and the oil extracted from 
the seed are used medicinally against baldness, ringworm, nosebleeds, chest complaints, eye 
infections, and venereal disease. 

Peltophorum africanum 
The species is browsed by game. Bark and root used for medicinal purposes. 

Pupalia lappacea var. lappacea 
Used in traditional medicine to cure fever (Pooley, 1998) 

Rhigozum brevispinosum 
Young roots are chewed for diarrhoea 

Schinziophyton rautanenii 
Dried fruit pulp is scented and used to make porridge. The kernel is rich in oil and protien, tasty and 
nutritious. Wood is lightweight and strong (Van Wyk & van Wyk, 1997). 

Schotia brachypetala 
Bark and leaves used in traditional medicine against heartburn, diarrhoea, hangovers and ulcers. 

Sclerocarya birrea subsp. caffra 
Parts of the plant are used to treat diarrhoea, dysentery & stomach ailments 

Sesbania bispinosa var. bispinosa 
The beans have historically been used in poultices to treat ringworm and other skin infections. 

Spirostachys africana 
The timber should not be used as fuel: inhalation of the smoke causes headache and nausea, and 
food directly exposed to the smoke is said to become poisonous. Also used medicinally as is the bark. 
(Van Wyk & Van Wyk 1997) 

Terminalia sericea 
The wood is yellow and hard, suitable as general purpose timber. Root widely used medicinally (Van 
Wyk & Van Wyk 1997). 

Ximenia americana var. microphylla 
Seeds and nuts are eaten by humans 

Ziziphus mucronata subsp. mucronata  
Cough & chest problems, diarrhoea & dysentery; boils, sores & glandular swellings; pain relief 
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APPENDIX 5 Potential mammal species in QDS 2327CB and 
2327DA 

FAMILY SPECIES COMMON NAME STATUS LoO 
MACROSCELIDEA (Elephant Shrews)    

MACROSCELIDIDAE 
Elephantulus 
brachyrhynchus 

Short-snouted elephant-
shrew DD 4 

MACROSCELIDIDAE Elephantulus intufi Bushveld elephant-shrew DD 2 

MACROSCELIDIDAE Elephantulus myurus 
Eastern rock elephant-
shrew LC 2 

TUBULIDENTATA (Aardvark)    
ORYCTEROPODIDAE Orycteropus afer Aardvark LC ( 1 ) 

HYRACOIDEA (Dassies)    
PROCAVIIDAE Procavia capensis Rock dassie LC 1 

LAGOMORPHA (Hares & Rabbits)    
LEPORIDAE Lepus saxatilis Scrub hare LC 1 
LEPORIDAE Pronolagus randensis Jameson's red rock rabbit LC 3 

RODENTIA (Rodents)    
BATHYERGIDAE Cryptomys hottentotus African mole-rat LC 1 
HYSTRICIDAE Hystrix africaeaustralis Porcupine LC 1 
PEDETIDAE Pedetes capensis Springhare LC ( 1 ) 

THRYONOMYIDAE 
Thryonomus 
swinderianus Greater canerat LC 3 

SCIURIDAE Xerus inauris 
South African ground 
squirrel LC 1 

SCIURIDAE Paraxerus cepapi Tree squirrel LC 1 
GLIRIDAE Graphirurs platyops Rock dormouse DD 4 
GLIRIDAE Graphiurus murinus Woodland dormouse LC 3 
MURIDAE Acomys spinosissimus Spiny mouse LC 2 
MURIDAE Lemniscomys rosalia Single-striped grass mouse DD 2 
MURIDAE Dasymys incomtus African marsh rat NT 4 
MURIDAE Mus minutoides Pygmy mouse LC 1 

MURIDAE Mastomys coucha 
Southern multimammate 
mouse LC 4 

MURIDAE Thallomys paedulcus Acacia rat LC 2 
MURIDAE Aethomys namaquensis Namaqua rock mouse LC 2 
MURIDAE Aethomys ineptus Tete veld rat LC 2 
MURIDAE Otomys angoniensis Angoni vlei rat LC 2 
MURIDAE Otomys irroratus Vlei rat LC 4 
MURIDAE Gerbillurus paeba Hairy-footed gerbil LC 4 
MURIDAE Tatera leucogaster Bushveld gerbil DD 1 
MURIDAE Tatera brantsii Highveld gerbil LC 4 

MURIDAE 
Saccostomus 
campestris Pouched mouse LC 1 

MURIDAE Dendromus melanotis Grey climbing mouse LC 4 
MURIDAE Dendromus mystacalis Chestnut climbing mouse LC 4 
MURIDAE Steatomys pratensis Fat mouse LC 3 

PRIMATES (Bush babies, Monkeys & Baboon)    
GALAGIDAE Galago moholi South African galago LC 2 
CERCOPITHECIDAE Papio hamadryas Chacma baboon LC 1 

CERCOPITHECIDAE 
Cercopithecus 
pygerythrus Vervet monkey LC 1 

SORICOMORPHA (Shrews)    
SORICIDAE Crocidura cyanea Reddish-grey musk shrew DD 2 
SORICIDAE Crocidura hirta Lesser red musk shrew DD 3 



DRAFT REPORT   Grootegeluk Mine  - Biodiversity Assessment 

NATURAL SCIENTIFIC SERVICES CC 

 

93

FAMILY SPECIES COMMON NAME STATUS LoO 
ERINACEOMORPHA (Hedgehog)    

ERINACEIDAE Atelerix frontalis 
Southern African 
hedgehog NT 4 

CHIROPTERA (Bats)    

RHINOLOPHIDAE 
Rhinolophus 
hildebrandtii 

Hildebrandt's horseshoe 
bat NT 2 

RHINOLOPHIDAE Rhinolophus clivosus Geoffroy's horseshoe bat NT 3 
RHINOLOPHIDAE Rhinolophus darlingi Darling's horseshoe bat NT 2 
RHINOLOPHIDAE Rhinolophus simulator Bushveld horseshoe bat LC 3 
HIPPOSIDERIDAE Cloeotis percivali Short-eared trident bat CR 4 
EMBALLONURIDAE Taphozous mauritianus Mauritian tomb bat LC ( 1 ) 
MOLOSSIDAE Tadarida aegyptiaca Egyptian free-tailed bat LC 2 
MINIOPTERIDAE Miniopterus natalensis Natal clinging bat NT 3 
VESPERTILIONIDAE Pipistrellus hesperidus African pipistrelle LC 3 
VESPERTILIONIDAE Pipistrellus rusticus Rusty pipistrelle NT 1 
VESPERTILIONIDAE Neoromicia capensis Cape serotine bat LC 1 
VESPERTILIONIDAE Neoromicia zuluensis Aloe serotine bat LC 2 
VESPERTILIONIDAE Myotis tricolor Temminck's hairy bat NT 3 
VESPERTILIONIDAE Laephotis botswanae Botswana long-eared bat VU 4 
VESPERTILIONIDAE Scotophilus dinganii African yellow bat LC 1 
NYCTERIDAE Nycteris thebaica Egyptian slit-faced bat LC 2 

PHOLIDOTA (Pangolin)    
MANIDAE Manis temminckii Ground pangolin VU ( 1 ) 

CARNIVORA (Carnivores)    
HYAENIDAE Proteles cristatus Aardwolf LC ( 1 ) 
HYAENIDAE Parahyaena brunnea Brown hyaena NT 1 
HYAENIDAE Crocuta crocuta Spotted hyaena NT 4 
FELIDAE Acinonyx jubatus Cheetah VU 1 
FELIDAE Panthera pardus Leopard LC ( 1 ) 
FELIDAE Panthera leo Lion VU 5 
FELIDAE Caracal caracal Caracal LC ( 1 ) 
FELIDAE Felis silvestris African wild cat LC 1 
FELIDAE Felis nigripes Black-footed cat LC 4 
FELIDAE Leptailurus serval Serval NT 3 
VIVERRIDAE Civettictis civetta African civet LC 1 
VIVERRIDAE Genetta genetta Small-spotted genet LC 1 

VIVERRIDAE Genetta tigrina 
South African large-spotted 
genet LC 3 

HERPESTIDAE Galerella sanguinea Slender mongoose LC ( 1 ) 
HERPESTIDAE Atilax paludinosus Marsh mongoose LC 2 
HERPESTIDAE Mungos mungo Banded mongoose LC 1 
HERPESTIDAE Helogale parvula Dwarf mongoose LC 2 
CANIDAE Otocyon megalotis Bat-eared fox LC 1 
CANIDAE Lycaon pictus African wild dog EN 4 
CANIDAE Vulpes chama Cape fox LC 3 
CANIDAE Canis mesomelas Black-backed jackal LC 1 
MUSTELIDAE Aonyx capensis African clawless otter LC 4 
MUSTELIDAE Mellivora capensis Honey badger NT 2 
MUSTELIDAE Poecilogale albinucha African striped weasel DD 4 
MUSTELIDAE Ictonyx striatus Striped polecat LC 4 

PERISSODACTYLA (Rhinos & Zebras)    
RHINOCEROTIDAE Ceratotherium simum White rhinoceros LC 1 

RHINOCEROTIDAE Diceros bicornis 
Black rhinoceros - north-
eastern race VU 1 

EQUIDAE Equus quagga Plains zebra LC 1 
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FAMILY SPECIES COMMON NAME STATUS LoO 
SUIFORMES (Pigs)    

SUIDAE Potamochoerus larvatus Bushpig LC 3 
SUIDAE Phacochoerus africanus Common warthog LC 1 

RUMINANTIA (Ruminants)    
GIRAFFIDAE Giraffa camelopardalis Giraffe LC 1 
BOVIDAE Syncerus caffer African buffalo LC 1 

BOVIDAE 
Tragelaphus 
strepsiceros Greater kudu LC 1 

BOVIDAE Tragelaphus angasii Nyala LC 1 
BOVIDAE Tragelaphus scriptus Bushbuck LC 3 
BOVIDAE Tragelaphus oryx Eland LC 1 
BOVIDAE Connochaetes gnou Black wildebeest LC 5 
BOVIDAE Connochaetes taurinus Blue wildebeest LC 1 
BOVIDAE Alcelaphus buselaphus Red hartebeest LC 1 
BOVIDAE Damaliscus lunatus Tsessebe EN 1 
BOVIDAE Hippotragus equinus Roan VU 5 
BOVIDAE Hippotragus niger Sable VU 1 
BOVIDAE Oryx gazelle Gemsbok LC 1 
BOVIDAE Sylvicapra grimmia Common duiker LC 1 
BOVIDAE Redunca arundinum Southern reedbuck LC 3 
BOVIDAE Redunca fulvorufula Mountain reedbuck LC 3 
BOVIDAE Kobus ellipsiprymnus Waterbuck LC 1 
BOVIDAE Pelea capreolus Grey rhebok LC 4 
BOVIDAE Raphicerus campestris Steenbok LC 1 
BOVIDAE Aepyceros melampus Impala LC 1 
BOVIDAE Oreotragus oreotragus Klipspringer LC ( 1 ) 

Key to Likelihood of Occurrence (LoO): 
1 – Presence confirmed in the study area; ( 1 ) - Believed to be present or presence confirmed in 

adjacent areas within the same QDS as the study area.  
2 - Highly likely to occur 
3 - May occur 
4 - Possible, but low likelihood of occurrence 
5 - May occur as a managed or introduced population 

Sources:  Skinner & Chimimba (2005); Friedman & Daly (2004) 
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APPENDIX 6 Complete list of bird species in QDS 2327CB and 
2327DA 

FAMILY SPECIES COMMON NAME 
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STRUTHIONIDAE Struthio camelus Common Ostrich LC x x x 3 
PODICIPEDIDAE Tachybaptus ruficollis Little Grebe LC x x x 2 
PHALACROCORACIDAE Phalacrocorax carbo White-breasted Cormorant LC  x  1 
PHALACROCORACIDAE Phalacrocorax africanus Reed Cormorant LC  x  1 
ANHINGIDAE Anhinga rufa African Darter LC  x x 1 
ARDEIDAE Ardea cinerea Grey Heron LC ( x ) x  1 
ARDEIDAE Ardea melanocephala Black-headed Heron LC ( x ) x  1 
ARDEIDAE Ardea goliath Goliath Heron LC  x  1 
ARDEIDAE Ardea purpurea Purple Heron LC  x  1 
ARDEIDAE Egretta alba Great White Egret LC  x x 1 
ARDEIDAE Egretta garzetta Little Egret LC  x  1 
ARDEIDAE Egretta intermedia Yellow-billed Egret LC  x  1 
ARDEIDAE Bubulcus ibis Cattle Egret LC x x x 1 
ARDEIDAE Ardeola ralloides Squacco Heron LC  x  1 
ARDEIDAE Butorides striatus Green-backed Heron LC  x  1 
ARDEIDAE Nycticorax nycticorax Black-crowned Night-Heron LC ( x )   1 
SCOPIDAE Scopus umbretta Hamerkop LC ( x ) x  1 
CICONIIDAE Leptoptilos crumeniferus Marabou Stork NT  x  1 
CICONIIDAE Mycteria ibis Yellow-billed Stork NT  x  1 
CICONIIDAE Ciconia abdimii Abdim's Stork LC  x  1 
CICONIIDAE Ciconia nigra Black Stork NT  x  1 
CICONIIDAE Ciconia ciconia White Stork LC  x  1 
PLATALEIDAE Threskiornis aethiopicus African Sacred Ibis LC  x  1 
PLATALEIDAE Plegadis falcinellus Glossy Ibis LC  x  1 
PLATALEIDAE Bostrychia hagedash Hadeda Ibis LC x x x 1 
PLATALEIDAE Platalea alba African S nbill LC  x  1 
PHOENICOPTERIDAE Phoenicopterus ruber Greater Flamingo NT  x  1 
PHOENICOPTERIDAE Phoenicopterus minor Lesser Flamingo NT  x  1 
ANATIDAE Plectropterus gambensis Spur-winged Goose LC  x x 2 
ANATIDAE Alopochen aegyptiacus Egyptian Goose LC x x x 2 
ANATIDAE Sarkidiornis melanotos Comb Duck LC ( x ) x x 2 
ANATIDAE Anas smithii Cape Shoveler LC  x  2 
ANATIDAE Anas sparsa African Black Duck LC  x  2 
ANATIDAE Anas undulata Yellow-billed Duck LC  x x 2 
ANATIDAE Anas erythrorhyncha Red-billed Teal  LC  x x 2 
ANATIDAE Anas capensis Cape Teal LC  x  2 
ANATIDAE Anas hottentota Hottentot Teal LC  x  2 
ANATIDAE Dendrocygna viduata White-faced Duck LC x x x 2 
ANATIDAE Dendrocygna bicolor Fulvous Duck LC  x  2 
ANATIDAE Netta erythrophthalma Southern Pochard LC  x  2 
ANATIDAE Oxyura maccoa Maccoa Duck LC  x  2 
ANATIDAE Thalassornis leuconotus White-backed Duck LC  x  2 
SAGITTARIIDAE Sagittarius serpentarius Secretarybird NT  x  3 
ACCIPITRIDAE Gyps coprotheres Cape Vulture VU  x x 4 
ACCIPITRIDAE Gyps africanus White-backed Vulture VU ( x ) x x 4 
ACCIPITRIDAE Torgos tracheliotus Lappet-faced Vulture VU  x  4 
FALCONIDAE Falco amurensis Amur Falcon LC  x x 4 
FALCONIDAE Falco rupicolus Rock Kestrel LC  x  4 
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ACCIPITRIDAE Milvus migrans Black Kite LC ( x ) x  4 

ACCIPITRIDAE 
Milvus parasitus = M 
aegyptius Yellow-billed Kite LC  x x 4 

ACCIPITRIDAE Elanus caeruleus Black-shouldered Kite LC x x  4 
ACCIPITRIDAE Aquila verreauxii Verreaux's Eagle LC  x  4 
ACCIPITRIDAE Aquila rapax Tawny Eagle VU  x  4 
ACCIPITRIDAE Aquila nipalensis Steppe Eagle LC  x  4 
ACCIPITRIDAE Aquila wahlbergi Wahlberg's Eagle LC ( x ) x x 4 
ACCIPITRIDAE Aquila pennatus Booted Eagle LC  x  4 
ACCIPITRIDAE Aquila spilogaster African Hawk Eagle LC x x x 4 
ACCIPITRIDAE Polemaetus bellicosus Martial Eagle VU  x  4 

ACCIPITRIDAE 
Kaupifalco 
monogrammicus Lizard Buzzard LC  x x 4 

ACCIPITRIDAE Circaetus cinereus Brown Snake-Eagle LC ( x ) x  4 
ACCIPITRIDAE Circaetus pectoralis Black-chested Snake-Eagle LC x x x 4 
ACCIPITRIDAE Haliaeetus vocifer African Fish-Eagle LC  x x 4 
ACCIPITRIDAE Terathopius ecaudatus Bateleur VU  x  4 
ACCIPITRIDAE Buteo rufofuscus Jackal Buzzard LC x   4 
ACCIPITRIDAE Buteo vulpinus Steppe Buzzard LC x x x 4 
ACCIPITRIDAE Accipiter ovampensis Ovambo Sparrowhawk LC  x  4 
ACCIPITRIDAE Accipiter minullus Little Sparrowhawk LC ( x ) x  4 
ACCIPITRIDAE Accipiter badius Shikra LC  x  4 
ACCIPITRIDAE Melierax gabar Gabar Goshawk LC x x x 4 

ACCIPITRIDAE Melierax canorus 
Southern Pale Chanting 
Goshawk LC x x x 4 

ACCIPITRIDAE Circus pygargus Montagu's Harrier LC  x  4 
ACCIPITRIDAE Polyboroides typus African Harrier-Hawk LC x x  4 
PHASIANIDAE Peliperdix coqui Coqui Francolin LC  x  3 
PHASIANIDAE Dendroperdix sephaena Crested Francolin LC x x x 3 
PHASIANIDAE Pternistis natalensis Natal Spurfowl LC x x x 3 
PHASIANIDAE Pternistis swainsonii Swainson's Spurfowl LC x x x 3 
PHASIANIDAE Coturnix coturnix Common Quail LC x x  3 
PHASIANIDAE Coturnix delegorguei Harlequin Quail LC  x  3 
NUMIDIDAE Numida meleagris Helmeted Guineafowl LC x x x 3 
TURNICIDAE Turnix sylvaticus Kurrichane Buttonquail LC ( x )   3 
RALLIDAE Amaurornis flavirostris Black Crake LC  x x 2 
RALLIDAE Gallinula chloropus Common Moorhen LC  x  2 
RALLIDAE Fulica cristata Red-knobbed Coot LC  x x 2 
OTIDIDAE Ardeotis kori Kori Bustard VU ( x ) x  3 
OTIDIDAE Lophotis ruficrista Red-crested Korhaan LC x x x 3 
OTIDIDAE Afrotis afraoides Northern Black Korhaan LC   x 3 
JACANIDAE Actophilornis africanus African Jacana LC  x x 2 
CHARADRIIDAE Charadrius pecuarius Kittlitz's Plover LC  x  2 
CHARADRIIDAE Charadrius tricollaris Three-banded Plover LC ( x ) x x 2 
CHARADRIIDAE Vanellus coronatus Crowned Lapwing LC x x x 2 
CHARADRIIDAE Vanellus armatus Blacksmith Lapwing LC x x x 2 
CHARADRIIDAE Vanellus senegallus African Wattled Lapwing LC  x x 2 
SCOLOPACIDAE Gallinago nigripennis African Snipe LC ( x ) x  2 
SCOLOPACIDAE Calidris minuta Little Stint LC  x x 2 
SCOLOPACIDAE Philomachus pugnax Ruff LC  x  2 
SCOLOPACIDAE Actitis hypoleucos Common Sandpiper LC  x x 2 
SCOLOPACIDAE Tringa stagnatilis Marsh Sandpiper LC  x  2 
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SCOLOPACIDAE Tringa nebularia Common Greenshank LC  x  2 
SCOLOPACIDAE Tringa glareola Wood Sandpiper LC x x x 2 
RECURVIROSTRIDAE Recurvirostra avosetta Pied Avocet LC  x  2 
RECURVIROSTRIDAE Himantopus himantopus Black-winged Stilt LC  x x 2 
BURHINIDAE Burhinus vermiculatus Water Thick-knee LC  x  3 
BURHINIDAE Burhinus capensis Spotted Thick-knee LC x x  3 
GLAREOLIDAE Cursorius temminckii Temminck's Courser LC x x  3 
GLAREOLIDAE Rhinoptilus chalcopterus Bronze-winged Courser LC x x x 3 
GLAREOLIDAE Glareola nordmanni Black-winged Pratincole NT  x  3 
LARIDAE Larus cirrocephalus Grey-headed Gull LC  x  1 
STERNIDAE Chlidonias leucopterus White-winged Tern LC  x  1 
PTEROCLIDAE Pterocles burchelli Burchell's Sandgrouse LC ( x ) x  5 
PTEROCLIDAE Pterocles bicinctus Double-banded Sandgrouse LC x x x 5 
COLUMBIDAE Columba guinea Speckled Pigeon LC x x x 5 
COLUMBIDAE Streptopelia semitorquata Red-eyed Dove LC  x x 5 
COLUMBIDAE Streptopelia capicola Cape Turtle Dove LC x x x 5 
COLUMBIDAE Streptopelia senegalensis Laughing Dove LC x x x 5 
COLUMBIDAE Oena capensis Namaqua Dove LC x x x 5 
COLUMBIDAE Turtur chalcospilos Emerald-spotted Wood-Dove LC ( x ) x x 5 
COLUMBIDAE Treron calvus African Green-Pigeon LC  x  5 
COLUMBIDAE Columba livia Rock Dove LC  x  5 
PSITTACIDAE Poicephalus meyeri Meyer's Parrot LC  x  5 
MUSOPHAGIDAE Corythaixoides concolor Grey Go-away-bird LC x x x 5 
CUCULIDAE Cuculus gularis African Cuckoo LC  x  5 
CUCULIDAE Cuculus solitarius Red-chested Cuckoo LC  x x 5 
CUCULIDAE Cuculus clamosus Black Cuckoo LC ( x ) x x 5 
CUCULIDAE Clamator glandarius Great Spotted Cuckoo LC  x  5 
CUCULIDAE Clamator levaillantii Levaillant's Cuckoo LC ( x ) x x 5 
CUCULIDAE Clamator jacobinus Jacobin Cuckoo LC ( x ) x x 5 
CUCULIDAE Chrysococcyx klaas Klaas's Cuckoo LC  x  5 
CUCULIDAE Chrysococcyx caprius Dideric Cuckoo LC ( x ) x x 5 
CUCULIDAE Centropus burchelli Burchell's Coucal LC ( x ) x  5 
TYTONIDAE Tyto alba Barn Owl LC x x x 6 
STRIGIDAE Otus senegalensis African Scops-Owl LC  x  6 
STRIGIDAE Ptilopsus granti Southern White-faced Owl LC x x  6 
STRIGIDAE Glaucidium perlatum Pearl-spotted Owlet LC  x x 6 
STRIGIDAE Bubo africanus Spotted Eagle-Owl LC x x  6 
CAPRIMULGIDAE Caprimulgus rufigena Rufous-cheeked Nightjar LC ( x ) x  6 
CAPRIMULGIDAE Caprimulgus pectoralis Fiery-necked Nightjar LC  x  6 
CAPRIMULGIDAE Caprimulgus tristigma Freckled Nightjar LC x   6 
APODIDAE Apus apus Common Swift LC ( x ) x  7 
APODIDAE Apus barbatus African Black Swift LC  x x 7 
APODIDAE Apus caffer White-rumped Swift LC  x x 7 
APODIDAE Apus affinis Little Swift LC  x x 7 
APODIDAE Tachymarptis melba Alpine Swift LC  x  7 
APODIDAE Cypsiurus parvus African Palm-Swift LC  x  7 
COLIIDAE Colius striatus Speckled Mousebird LC x x x 7 
COLIIDAE Urocolius indicus Red-faced Mousebird LC x x x 7 
ALCEDINIDAE Ceryle rudis Pied Kingfisher LC  x  7 
ALCEDINIDAE Megaceryle maximus Giant Kingfisher LC  x  7 
ALCEDINIDAE Alcedo cristata Malachite Kingfisher LC  x  7 
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ALCEDINIDAE Ispidina picta African Pygmy-Kingfisher LC  x  7 
ALCEDINIDAE Halcyon senegalensis Woodland Kingfisher LC  x x 7 
ALCEDINIDAE Halcyon albiventris Brown-hooded Kingfisher LC x x  7 
ALCEDINIDAE Halcyon chelicuti Striped Kingfisher LC   x 7 
MEROPIDAE Merops apiaster European Bee-eater LC x x x 7 
MEROPIDAE Merops persicus Blue-cheeked Bee-eater LC  x  7 
MEROPIDAE Merops nubicoides Southern Carmine Bee-eater LC ( x ) x  7 
MEROPIDAE Merops bullockoides White-fronted Bee-eater LC x x x 7 
MEROPIDAE Merops pusillus Little Bee-eater LC x x x 7 
MEROPIDAE Merops hirundineus Swallow-tailed Bee-eater LC ( x ) x x 7 
CORACIIDAE Coracias garrulus European Roller LC ( x ) x  7 
CORACIIDAE Coracias caudatus Lilac-breasted Roller LC x x x 7 
CORACIIDAE Coracias naevius Purple Roller LC x x x 7 
UPUPIDAE Upupa africana African Hoopoe LC x x  7 
PHOENICULIDAE Phoeniculus purpureus Green Wood-hoopoe LC x x x 7 

PHOENICULIDAE 
Rhinopomastus 
cyanomelas Common Scimitarbill LC ( x ) x x 7 

BUCEROTIDAE Tockus nasutus African Grey Hornbill LC x x x 7 
BUCEROTIDAE Tockus erythrorhynchus Red-billed Hornbill LC ( x ) x  7 

BUCEROTIDAE Tockus leucomelas 
Southern Yellow-billed 
Hornbill LC x x x 7 

CAPITONIDAE Lybius torquatus Black-collared Barbet LC  x x 7 
CAPITONIDAE Tricholaema leucomelas Acacia Pied Barbet LC ( x ) x x 7 
CAPITONIDAE Pogoniulus chrysoconus Yellow-fronted Tinkerbird LC  x x 7 
CAPITONIDAE Trachyphonus vaillantii Crested Barbet LC x x x 7 
INDICATORIDAE Indicator indicator Greater Honeyguide LC  x x 7 
INDICATORIDAE Indicator minor Lesser Honeyguide LC  x  7 

INDICATORIDAE Prodotiscus regulus 
Brown-backed (Sharp-billed) 
Honeybird (Honeyguide)  LC ( x )   7 

PICIDAE Campethera bennettii Bennett's Woodpecker LC  x  7 
PICIDAE Campethera abingoni Golden-tailed Woodpecker LC ( x ) x x 7 
PICIDAE Dendropicos fuscescens Cardinal Woodpecker LC ( x ) x  7 
PICIDAE Dendropicos namaquus Bearded Woodpecker LC  x x 7 
ALAUDIDAE Mirafra passerina Monotonous Lark LC x x  8 
ALAUDIDAE Mirafra africana Rufous-naped Lark LC ( x ) x x 8 
ALAUDIDAE Calendulauda africanoides Fawn-coloured Lark LC ( x ) x x 8 
ALAUDIDAE Calendulauda sabota Sabota Lark LC x x x 8 
ALAUDIDAE Pinarocorys nigricans Dusky Lark LC x x x 8 
ALAUDIDAE Eremopterix leucotis Chestnut-backed Sparrowlark LC  x x 8 
ALAUDIDAE Eremopterix verticalis Grey-backed Sparrowlark LC  x  8 
ALAUDIDAE Calandrella cinerea Red-capped Lark LC  x  8 
HIRUNDINIDAE Hirundo rustica Barn Swallow LC x x x 7 
HIRUNDINIDAE Hirundo albigularis White-throated Swallow LC  x  7 
HIRUNDINIDAE Hirundo dimidiata Pearl-breasted Swallow LC ( x ) x  7 
HIRUNDINIDAE Hirundo semirufa Red-breasted Swallow LC ( x ) x x 7 
HIRUNDINIDAE Hirundo cucullata Greater Striped-Swallow LC ( x ) x x 7 
HIRUNDINIDAE Hirundo abyssinica Lesser Striped-Swallow LC  x x 7 
HIRUNDINIDAE Hirundo fuligula Rock Martin LC  x  7 
HIRUNDINIDAE Delichon urbicum Common House-Martin LC ( x ) x  7 
HIRUNDINIDAE Riparia riparia Sand Martin  (Bank Swallow) LC  x  7 
HIRUNDINIDAE Riparia paludicola Brown-throated Martin LC  x x 7 
PARIDAE Parus cinerascens Ashy Tit LC ( x ) x  8 
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DICRURIDAE Dicrurus adsimilis Fork-tailed Drongo LC x x x 8 
ORIOLIDAE Oriolus oriolus Eurasian Golden-Oriole LC  x  8 
ORIOLIDAE Oriolus larvatus Black-headed Oriole LC ( x ) x  8 
CORVIDAE Corvus albus Pied Crow LC  x x 8 
PARIDAE Parus niger Southern Black Tit LC ( x ) x x 8 
PARIDAE Anthoscopus minutus Cape Penduline-Tit LC  x  8 
TIMALIIDAE Turdoides jardineii Arrow-marked Babbler LC x x x 8 
TIMALIIDAE Turdoides bicolor Southern Pied-Babbler LC x x x 8 
PYCNONOTIDAE Pycnonotus nigricans African Red-eyed Bulbul LC ( x ) x  8 
PYCNONOTIDAE Pycnonotus tricolor Dark-capped Bulbul LC x x  8 
TURDIDAE Turdus libonyanus Kurrichane Thrush LC ( x ) x x 8 
TURDIDAE Psophocichla litsipsirupa Groundscraper Thrush LC x x x 8 
TURDIDAE Oenanthe pileata Capped Wheatear LC  x x 8 
TURDIDAE Cercomela familiaris Familiar Chat LC  x x 8 

TURDIDAE 
Thamnolaea 
cinnamomeiventris Mocking Cliff-Chat LC  x  8 

TURDIDAE Myrmecocichla formicivora Anteating Chat LC  x  8 
TURDIDAE Saxicola torquatus African Stonechat LC  x  8 
TURDIDAE Cossypha heuglini White-browed Robin-Chat LC   x 8 
TURDIDAE Cossypha caffra Cape Robin-Chat LC  x  8 
TURDIDAE Cossypha humeralis White-throated Robin-Chat LC  x  8 
TURDIDAE Cercotrichas paena Kalahari Scrub-Robin LC x x x 8 
TURDIDAE Cercotrichas leucophrys White-browed Scrub-Robin LC ( x ) x x 8 
SYLVIIDAE Hippolais icterina Icterine Warbler  LC ( x )   9 
SYLVIIDAE Hippolais olivetorum Olive-tree Warbler  LC ( x )   9 
SYLVIIDAE Phylloscopus trochilus Willow Warbler LC ( x ) x  9 
SYLVIIDAE Eremomela icteropygialis Yellow-bellied Eremomela LC  x  9 
SYLVIIDAE Eremomela usticollis Burnt-necked Eremomela LC  x x 9 
SYLVIIDAE Acrocephalus gracilirostris Lesser Swamp- Warbler LC  x  9 
SYLVIIDAE Sylvia nisoria Barred Warbler - ( x )   9 
SYLVIIDAE Acrocephalus baeticatus African Reed-Warbler LC  x x 9 
SYLVIIDAE Bradypterus baboecala Little Rush- Warbler LC  x  9 
SYLVIIDAE Calamonastes fasciolatus Barred Wren-Warbler LC  x  9 
SYLVIIDAE Sylvietta rufescens Long-billed Crombec LC ( x ) x x 9 
SYLVIIDAE Apalis thoracica Bar-throated Apalis LC   x 9 
SYLVIIDAE Camaroptera brevicaudata Grey-backed Camaroptera LC ( x ) x x 9 
SYLVIIDAE Cisticola juncidis Zitting Cisticola LC ( x ) x x 9 
SYLVIIDAE Cisticola aridulus Desert Cisticola LC ( x ) x x 9 
SYLVIIDAE Cisticola fulvicapilla Neddicky LC ( x ) x x 9 
SYLVIIDAE Cisticola rufilatus Tinkling Cisticola LC ( x ) x  9 
SYLVIIDAE Cisticola chiniana Rattling Cisticola LC ( x ) x x 9 
SYLVIIDAE Cisticola tinniens Le Vaillant's Cisticola LC  x x 9 
SYLVIIDAE Prinia subflava Tawny-flanked Prinia LC x x x 9 
SYLVIIDAE Prinia flavicans Black-chested Prinia LC x x x 9 
MUSCICAPIDAE Muscicapa striata Spotted Flycatcher LC x x x 9 
MUSCICAPIDAE Myioparus plumbeus Grey Tit-Flycatcher LC  x x 9 
MUSCICAPIDAE Parisoma subcaeruleum Chestnut-vented Tit-Babbler LC ( x ) x x 9 
MUSCICAPIDAE Bradornis mariquensis Marico Flycatcher LC x x x 9 

MUSCICAPIDAE Bradornis pallidus 
Pale (Mouse-coloured/Pallid) 
Flycatcher LC ( x )   9 

MUSCICAPIDAE Melaenornis pammelaina Southern Black-Flycatcher LC  x  9 
MUSCICAPIDAE Sigelus silens Fiscal Flycatcher LC  x  9 
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MUSCICAPIDAE Batis molitor Chinspot Batis LC ( x ) x x 9 
MUSCICAPIDAE Terpsiphone viridis African Paradise-Flycatcher LC  x  9 
MOTACILLIDAE Motacilla aguimp African Pied Wagtail LC  x  9 
MOTACILLIDAE Motacilla capensis Cape Wagtail LC x x x 8 
MOTACILLIDAE Anthus cinnamomeus African Pipit LC x x x 8 
MOTACILLIDAE Anthus similis Long-billed Pipit LC  x  8 
MOTACILLIDAE Anthus leucophrys Plain-backed Pipit LC  x  8 
MOTACILLIDAE Anthus caffer Bushveld Pipit LC  x  8 
LANIIDAE Lanius minor Lesser Grey Shrike LC  x x 9 
LANIIDAE Lanius collaris Common Fiscal LC ( x ) x  9 
LANIIDAE Lanius collurio Red-backed Shrike LC x x x 9 
LANIIDAE Laniarius ferrugineus Southern Boubou LC   x 9 
LANIIDAE Laniarius atrococcineus Crimson-breasted Shrike LC x x x 9 
LANIIDAE Dryoscopus cubla Black-backed Puffback LC  x x 9 
LANIIDAE Tchagra australis Brown-crowned Tchagra LC x x x 9 
LANIIDAE Tchagra senegalus Black-crowned Tchagra LC  x  9 
LANIIDAE Telophorus sulfureopectus Orange-breasted Bush-Shrike LC  x x 9 
LANIIDAE Malaconotus blanchoti Grey-headed Bush-Shrike LC  x  9 
LANIIDAE Corvinella melanoleuca Magpie Shrike LC x x x 9 
LANIIDAE Prionops plumatus White-crested Helmet-Shrike LC  x  9 

LANIIDAE Eurocephalus anguitimens 
Southern White-crowned 
Shrike LC x x x 9 

LANIIDAE Nilaus afer Brubru LC ( x ) x x 9 
STURNIDAE Creatophora cinerea Wattled Starling LC x x x 9 
STURNIDAE Cinnyricinclus leucogaster Violet-backed Starling LC x x  9 
STURNIDAE Lamprotornis nitens Cape Glossy Starling LC x x x 9 
STURNIDAE Lamprotornis chalybaeus Greater Blue-eared Starling LC x x x 9 
STURNIDAE Lamprotornis australis Burchell's Starling LC  x x 9 
STURNIDAE Onychognathus morio Red-winged Starling LC  x  9 
BUPHAGIDAE Buphagus erythrorhynchus Red-billed Oxpecker NT x x  10 
NECTARINIIDAE Cinnyris mariquensis Marico Sunbird LC ( x ) x  10 
NECTARINIIDAE Cinnyris talatala White-bellied Sunbird LC ( x ) x x 10 
NECTARINIIDAE Chalcomitra amethystina Amethyst Sunbird LC x x x 10 
ZOSTEROPIDAE Zosterops capensis Cape White-eye LC  x  10 
PLOCEIDAE Bubalornis niger Red-billed Buffalo-Weaver LC  x x 11 

PLOCEIDAE Plocepasser mahali 
White-browed Sparrow-
Weaver LC x x x 11 

PLOCEIDAE Passer domesticus House Sparrow LC ( x ) x  11 
PLOCEIDAE Passer motitensis Great Sparrow LC  x  11 
PLOCEIDAE Passer melanurus Cape Sparrow LC  x  11 

PLOCEIDAE Passer diffusus 
Southern Greyheaded 
Sparrow LC x x x 11 

PLOCEIDAE Petronia superciliaris Yellow-throated Petronia LC x x x 11 
PLOCEIDAE Sporopipes squamifrons Scaly-feathered Finch LC x x x 11 
PLOCEIDAE Ploceus intermedius Lesser Masked Weaver LC  x  11 
PLOCEIDAE Ploceus cucullatus Village Weaver LC  x  11 
PLOCEIDAE Ploceus velatus Southern Masked-Weaver LC x x x 11 
PLOCEIDAE Quelea quelea Red-billed Quelea LC x x x 11 
PLOCEIDAE Euplectes orix Southern Red Bishop LC  x x 11 
PLOCEIDAE Euplectes afer Yellow-crowned Bishop LC  x  11 
PLOCEIDAE Euplectes ardens Red-collared Widowbird LC  x  11 
PLOCEIDAE Euplectes albonotatus White-winged Widowbird LC  x x 11 
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PLOCEIDAE Amadina erythrocephala Red-headed Finch LC  x  11 
PLOCEIDAE Amadina fasciata Cut-throat Finch LC  x  11 
PLOCEIDAE Spermestes cucullatus Bronze Mannikin LC  x x 11 
ESTRILDIDAE Pytilia melba Green-winged Pytilia LC x x x 11 
ESTRILDIDAE Lagonosticta rhodopareia Jameson's Firefinch LC ( x ) x x 11 
ESTRILDIDAE Lagonosticta senegala Red-billed Firefinch LC ( x ) x  11 
ESTRILDIDAE Amandava subflava Orange-breasted Waxbill LC  x  11 
ESTRILDIDAE Uraeginthus angolensis Blue Waxbill LC x x x 11 
ESTRILDIDAE Granatina granatina Violet-eared Waxbill LC x x x 11 
ESTRILDIDAE Estrilda erythronotos Black-faced Waxbill LC x x x 11 
ESTRILDIDAE Estrilda astrild Common Waxbill LC  x x 11 
PLOCEIDAE Ortygospiza atricollis African Quailfinch LC  x  11 
VIDUIDAE Vidua macroura Pin-tailed Whydah LC x x x 11 
VIDUIDAE Vidua regia Shaft-tailed Whydah LC x x x 11 
VIDUIDAE Vidua chalybeata Village Indigobird LC  x  11 
VIDUIDAE Vidua paradisaea Long-tailed Paradise-Whydah LC x x x 11 
FRINGILLIDAE Anomalospiza imberbis Cuckoo Finch LC  x  11 
FRINGILLIDAE Crithagra mozambicus Yellow-fronted Canary LC ( x ) x x 11 
FRINGILLIDAE Crithagra atrogularis Black-throated Canary LC x x x 11 
FRINGILLIDAE Crithagra flaviventris Yellow Canary LC x x x 11 
FRINGILLIDAE Emberiza impetuani Lark-like Bunting LC   x 11 
FRINGILLIDAE Emberiza tahapisi Cinnamon-breasted Bunting LC x x x 11 
FRINGILLIDAE Emberiza flaviventris Golden-breasted Bunting LC x x x 11 
Key to Categories: 

1 - Inland water birds 2 - Ducks & wading birds 3 - Large terrestrial birds 
4 - Raptors 5 - Sandgrouse, doves etc 6 - Owls & nightjars 
7 - Aerial feeders, etc 8 - Insect eaters (1)  9 - Insect eaters (2) 
10 - Oxpeckers & nectar feeders 11 - Seedeaters 
( x ) - Presence confirmed in adjacent areas within same QDS as the study area 

Sources:  Sinclair et al. (2002); Newman (1983) 
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APPENDIX 7 List of potential reptile species in QDS 2327CB and 
2327DA 

FAMILY SPECIES COMMON NAME LoO 
SNAKES    

TYPHLOPIDAE Rhinotyphlops lalandii Delalande's beaked blind snake 3 
TYPHLOPIDAE Afrotyphlops bibroni Bibron’s blind snake 4 
LEPTOTYPHLOPIDAE Leptotyphlops s. scutifrons Peter's thread snake 1 
BOIDAE Python natalensis African rock python ( 1 ) 
ATRACTASPIDIDAE Atractaspis bibronii Bibron’s burrowing asp 3 
ATRACTASPIDIDAE Aparallactus capensis Cape centipede-eater 2 
ATRACTASPIDIDAE Xenocalamus bicolor bicolour Bicoloured quill-snouted snake 3 
ATRACTASPIDIDAE Xenocalamus lineatus Striped quill-snouted snake 4 
COLUBRIDAE Lamprophis capensis Brown house snake 2 
COLUBRIDAE Lamprophis inornatus Olive house snake 3 
COLUBRIDAE Lycophidion capense Common wolf snake 2 
COLUBRIDAE Mehelya nyassae Black file snake 4 
COLUBRIDAE Pseudaspis cana Mole snake 2 
COLUBRIDAE Prosymna stuhlmannii East African shovel-snout 4 
COLUBRIDAE Hemirhagerrhis nototaenia Bark / Mopane snake 3 
COLUBRIDAE Psammophylax tritaeniatus Striped skaapsteker 1 
COLUBRIDAE Psammophis brevirostris Short-snouted grass snake 2 
COLUBRIDAE Psammophis jallae Jalla’s sand snake 2 
COLUBRIDAE Psammophis subtaeniatus Western Stripe-bellied sand snake 1 
COLUBRIDAE Philothamnus semivariegatus Spotted bush snake 2 
COLUBRIDAE Dasypeltis scabra Common egg-eater 2 
COLUBRIDAE Crotaphopeltis hotamboeia Red-lipped herald snake 4 
COLUBRIDAE Telescopus s. semiannulatus Eastern tiger snake 1 
COLUBRIDAE Dispholidus typus Boomslang 1 
COLUBRIDAE Thelotornis capensis capensis Vine snake 3 
ELAPIDAE Elapsoidea sundevallii media Sundevall’s garter snake ( 1 ) 
ELAPIDAE Aspidelaps scutatus scutatus Shield-nosed snake 2 
ELAPIDAE Naja annulifera Snouted cobra 2 
ELAPIDAE Naja mossambica Mozambique spitting cobra 2 
ELAPIDAE Dendroaspis polylepis Black mamba 1 
VIPERIDAE Causus rhombeatus Common night adder 4 
VIPERIDAE Bitis arietans Puff adder ( 1 ) 
VIPERIDAE Bitis caudalis Horned adder 2 

AGAMAS, CHAMAELEONS & LIZARDS   
AGAMIDAE Acanthocercus atricollis Tree agama 1 
AGAMIDAE Agama aculeata distanti Ground agama ( 1 ) 
AGAMIDAE Agama atra Southern rock agama 4 
CHAMAELEONIDAE Chamaeleo dilepis Flap-necked chamaeleon 1 
VARANIDAE Varanus albigularis Rock leguaan 1 
VARANIDAE Varanus niloticus Water leguaan lizard 2 
LACERTIDAE Heliobolus lugubris Bushveld lizard 2 
LACERTIDAE Nucras holubi Holub’s sandveld lizard 2 
LACERTIDAE Nucras intertexta Spotted sandveld lizard 3 
LACERTIDAE Nucras ornata Ornate sandveld lizard 2 
LACERTIDAE Pedioplanis lineoocellata Spotted sand lizard 2 
LACERTIDAE Pedioplanis pulchella - 3 
LACERTIDAE Ichnotropis capensis Cape rough-scaled lizard 1 
LACERTIDAE Ichnotropis squamulosa Common rough-scaled lizard ( 1 ) 

AMPHISBAENIDAE Zygaspis quadrifrons 
Kalahari round-headed worm 
lizard ( 1 ) 
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FAMILY SPECIES COMMON NAME LoO 
AMPHISBAENIDAE Monopeltis capensis Cape spade-snouted worm lizard 4 
SCINCIDAE Acontias percivali occidentalis Percival’s legless skink 2 
SCINCIDAE Panaspis maculicollis Spotted-neck snake-eyed skink 2 
SCINCIDAE Panaspis walbergii Wahlberg's snake-eyed skink 1 

SCINCIDAE 
Scelotes limpopoensis 
limpopoensis Limpopo dwarf burrowing skink 4 

SCINCIDAE Mochlus sundevallii Sundevall’s writhing skink 2 
SCINCIDAE Trachylepis capensis Cape skink 1 
SCINCIDAE Trachylepis margaritifera Rainbow skink 2 
SCINCIDAE Trachylepis punctatissima Montane speckled skink 2 
SCINCIDAE Trachylepis punctulata Speckled sand skink 2 

SCINCIDAE 
Trachylepis sp. [Transvaal 
varia] Variable skink 1 

SCINCIDAE Trachylepis striata Peters’ striped skink 2 
SCINCIDAE Trachylepis varia Variable skink 2 
SCINCIDAE Trachylepis variegata Variegated skink 2 
CORDYLIDAE Cordylus breyeri Waterberg girdled lizard 3 
CORDYLIDAE Cordylus jonesii Limpopo girdled lizard 2 
CORDYLIDAE Cordylus vandami Van Dam’s girdled lizard 4 
GERRHOSAURIDAE Gerrhosaurus flavigularis Yellow-throated plated lizard 2 
GERRHOSAURIDAE Gerrhosaurus major Rough-scaled plated Lizard ( 1 ) 
GERRHOSAURIDAE Gerrhosaurus validus Giant plated lizard 1 
CORDYLIDAE Platysaurus guttatus Dwarf flat lizard 4 
CORDYLIDAE Platysaurus minor Waterberg flat lizard 2 

GECKOS    

GEKKONIDAE 
Afroedura nov sp. 10 
[waterbergensis] Flat gecko 4 

GEKKONIDAE Hemidactylus mabouia Moreau’s tropical house gecko 1 
GEKKONIDAE Homopholis walbergii Wahlberg’s velvet gecko 3 
GEKKONIDAE Lygodactylus capensis Cape dwarf gecko ( 1 ) 

GEKKONIDAE 
Lygodactylus ocellatus 
ocellatus Spotted dwarf gecko 4 

GEKKONIDAE Chondrodactylus turneri Turner’s tubercled gecko ( 1 ) 
GEKKONIDAE Pachydactylus affinis Transvaal gecko 2 
GEKKONIDAE Pachydactylus capensis Cape gecko 2 
GEKKONIDAE Pachydactylus punctatus Speckled gecko 3 
GEKKONIDAE Ptenopus garrulous garrulous Common barking gecko ( 1 ) 

CROCODILE    
CROCODYLIDAE Crocodylus niloticus Nile crocodile 4 

TERRAPINS & TORTOISES   
PELOMEDUSIDAE Pelomedusa subrufa Marsh terrapin 1 
PELOMEDUSIDAE Pelusios sinuatus Serrated hinged terrapin 4 
TESTUDINIDAE Stigmochelys pardalis Leopard tortoise 1 
TESTUDINIDAE Psammobates oculifer Kalahari tent tortoise ( 1 ) 
TESTUDINIDAE Kinixys spekii Speke’s hinged tortoise 4 

Key to Likelihood of Occurrence (LoO): 
1 – Presence confirmed in the study area; ( 1 ) - Believed to be present or presence confirmed in 

adjacent areas within the same QDS as the study area.  
2 - Highly likely to occur 
3 - May occur 
4 - Possible, but low likelihood of occurrence 

Sources:  SARCA (2010); Alexander & Marais (2007); Branch (1998) 
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APPENDIX 8 List of potential frog species in QDS 2327CB and 
2327DA 

FAMILY SPECIES COMMON NAME STATUS LoO 
BREVICIPITIDAE Breviceps a. adspersus Bushveld Rain Frog LC 2 
BUFONIDAE Amietophrynus garmani Eastern Olive Toad LC 2 
BUFONIDAE Amietophrynus gutturalis Guttural Toad LC 3 
BUFONIDAE Amietophrynus maculatus Flat-backed Toad LC 3 
BUFONIDAE Amietophrynus rangeri Raucous Toad LC ( 1 ) 
BUFONIDAE Poyntonophrynus fenoulheti Northern Pygmy Toad LC 1 
BUFONIDAE Schismaderma carens Red Toad LC 1 

HEMISOTIDAE Hemisus marmoratus 
Mottled Shovel-nosed 
Frog LC 3 

HYPEROLIIDAE Kassina senegalensis Bubbling Kassina LC 1 
MICROHYLIDAE Phrynomantis bifasciatus Banded Rubber Frog LC 1 
PHRYNOBATRACHIDAE Phrynobatrachus natalensis Snoring Puddle Frog LC 2 
PIPIDAE Xenopus laevis Common Platanna LC 4 
PTYCHADENIDAE Hildebrantia ornata Ornate Frog LC 1 
PTYCHADENIDAE Ptychadena anchietae Plain Grass Frog LC 1 

PTYCHADENIDAE Ptychadena mossambica 
Broad-banded Grass 
Frog LC 2 

PYXICEPHALIDAE Amieta angolensis Common River Frog LC 3 
PYXICEPHALIDAE Cacosternum boettgeri Boettger’s Caco LC 1 
PYXICEPHALIDAE Pyxicephalus adspersus Giant Bullfrog NT ( 1 ) 
PYXICEPHALIDAE Pyxicephalus edulis African Bullfrog LC ( 1 ) 
PYXICEPHALIDAE Tomopterna cryptotis Tremolo Sand Frog LC 1 
PYXICEPHALIDAE Tomopterna krugerensis Knocking Sand Frog LC 1 
PYXICEPHALIDAE Tomopterna tandyi Tandy’s Sand Frog LC 4 

RHACOPHORIDAE Chiromantis xerampelina 
Southern Foam Nest 
Frog LC 1 

Key to Likelihood of Occurrence (LoO): 
1 – Presence confirmed in the study area; ( 1 ) - Believed to be present or presence confirmed in 

adjacent areas within the same QDS as the study area.  
2 - Highly likely to occur 
3 - May occur 
4 - Possible, but low likelihood of occurrence 

Sources:  Minter et al. (2002); du Preez & Carruthers (2009) 
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APPENDIX 9 Mammal species identified during NSS surveys in and around the study area 
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AARDVARK & DASSIE              
ORYCTEROPODIDAE Orycteropus afer Aardvark LC          x 
PROCAVIIDAE Procavia capensis Rock dassie LC       x  x  

RABBITS & HARES              
LAGOMORPHA Lepus saxatilis Scrub/ Savannah hare LC        x   

RODENTS              
BATHYERGIDAE Cryptomys hottentotus African mole-rat LC        x   
HYSTRICIDAE Hystrix africaeaustralis Porcupine LC x    x x  x   
PEDETIDAE Pedetes capensis Springhare LC          x 

SCIURIDAE Xerus inauris South African ground 
squirrel LC x x         

SCIURIDAE Paraxerus cepapi Tree squirrel LC        x   
MURIDAE Mus minutoides Pygmy mouse LC   x        
MURIDAE Saccostomus campestris Pouched mouse LC        x   
MURIDAE Tatera leucogaster Bushveld gerbil DD          x 

BATS              
VESPERTILIONIDAE Pipistrellus rusticus Rusty pipistrelle NT   x  x   x   
VESPERTILIONIDAE Neoromicia capensis Cape serotine bat LC   x  x   x   
VESPERTILIONIDAE Scotophilus dinganii African yellow bat LC        x   

PRIMATES              
CERCOPITHECIDAE Papio hamadryas Chacma baboon LC        x   

CERCOPITHECIDAE Cercopithecus 
pygerythrus Vervet monkey LC x       x   

PHOLIDOTA              
MANIDAE Manis temminckii Ground pangolin VU           

CARNIVORES              
HYAENIDAE Proteles cristatus Aardwolf LC         x x 
HYAENIDAE Parahyaena brunnea Brown Hyaena NT      x     
FELIDAE Acinonyx jubatus Cheetah VU         x  
FELIDAE Panthera pardus Leopard LC         x x 
FELIDAE Caracal caracal Caracal LC           
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FELIDAE Felis silvestris African wild cat LC        x   
VIVERRIDAE Civettictis civetta African civet LC      x     
VIVERRIDAE Genetta genetta Small-spotted genet LC   x     x   
HERPESTIDAE Galerella sanguinea Slender mongoose LC          x 
HERPESTIDAE Mungos mungo Banded mongoose LC        x   
CANIDAE Otocyon megalotis Bat-eared fox LC        x   
CANIDAE Canis mesomelas Black-backed Jackal LC x    x   x   

LARGE HERBIVORES              
RHINOCEROTIDAE Ceratotherium simum White rhinoceros LC     x   x   
RHINOCEROTIDAE Diceros bicornis Black rhinoceros VU      x     
SUIDAE Phacochoerus africanus Common warthog LC x x   x x  x   
EQUIDAE Equus quagga Plains zebra LC  x   x   x   
BOVIDAE Raphicerus campestris Steenbok LC        x   
BOVIDAE Sylvicapra grimmia Common duiker LC        x   
GIRAFFIDAE Giraffa camelopardalis Giraffe LC  x   x      
BOVIDAE Syncerus caffer African buffalo LC     x x     
BOVIDAE Tragelaphus strepsiceros Greater kudu LC x x   x x x x   
BOVIDAE Tragelaphus angasii Nyala LC        x   
BOVIDAE Tragelaphus oryx Eland LC        x   
BOVIDAE Connochaetes taurinus Blue wildebeest LC x x   x      
BOVIDAE Alcelaphus buselaphus Red Hartebeest LC x x         
BOVIDAE Damaliscus lunatus Tsessebe EN  x   x      
BOVIDAE Hippotragus niger Sable VU x          
BOVIDAE Oryx gazelle Gemsbok LC   x        
BOVIDAE Kobus ellipsiprymnus Waterbuck LC     x      
BOVIDAE Aepyceros melampus Impala LC  x   x   x   
BOVIDAE Oreotragus oreotragus Klipspringer LC         x  
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APPENDIX 10 Bird species identified by NSS in the study area 
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Struthio camelus Common Ostrich LC x x x x x         x  
Tachybaptus ruficollis Little Grebe LC x x              
Bubulcus ibis Cattle Egret LC  x x             
Bostrychia hagedash Hadeda Ibis LC x               
Alopochen aegyptiacus Egyptian Goose LC  x            x  
Dendrocygna viduata White-faced Duck LC x             x  
Elanus caeruleus Black-shouldered Kite LC x               
Aquila spilogaster African Hawk Eagle LC x x      x        
Circaetus pectoralis Black-chested Snake-Eagle LC x               
Buteo rufofuscus Jackal Buzzard LC  x              
Buteo vulpinus Steppe Buzzard LC  x  x            
Melierax gabar Gabar Goshawk LC x               

Melierax canorus 
Southern Pale Chanting 
Goshawk LC x               

Polyboroides typus African Harrier-Hawk LC  x             x 
Dendroperdix sephaena Crested Francolin LC x x  x       x     
Pternistis natalensis Natal Spurfowl LC  x              
Pternistis swainsonii Swainson's Spurfowl LC x x x           x x 
Coturnix coturnix Common Quail LC  x  x  x          
Numida meleagris Helmeted Guineafowl LC x x  x           x 
Lophotis ruficrista Red-crested Korhaan LC x x  x    x      x  
Vanellus coronatus Crowned Lapwing LC x x x x          x  
Vanellus armatus Blacksmith Lapwing LC x x              
Tringa glareola Wood Sandpiper LC  x            x  
Burhinus capensis Spotted Thick-knee LC  x              
Burhinus capensis Spotted Thick-knee LC              x  
Cursorius temminckii Temminck's Courser LC  x            x  
Rhinoptilus chalcopterus Bronze-winged Courser LC x x  x x         x  
Pterocles bicinctus Double-banded Sandgrouse LC x x x             
Columba guinea Speckled Pigeon LC x               
Streptopelia capicola Cape Turtle Dove LC x x x x x x        x x 
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Streptopelia senegalensis Laughing Dove LC  x  x x x         x 
Oena capensis Namaqua Dove LC x x  x x x          
Corythaixoides concolor Grey Go-away-bird LC x x x           x x 
Tyto alba Barn Owl LC x               
Ptilopsus granti Southern White-faced Owl LC  x            x  
Bubo africanus Spotted Eagle-Owl LC x x            x x 
Caprimulgus tristigma Freckled Nightjar LC  x            x  
Colius striatus Speckled Mousebird LC x               
Urocolius indicus Red-faced Mousebird LC  x x           x  
Halcyon albiventris Brown-hooded Kingfisher LC x               
Merops apiaster European Bee-eater LC  x            x  
Merops bullockoides White-fronted Bee-eater LC x     x          
Merops pusillus Little Bee-eater LC x x x             
Coracias caudatus Lilac-breasted Roller LC x x  x x           
Coracias naevius Purple Roller LC x x              
Upupa africana African Hoopoe LC  x            x  
Phoeniculus purpureus Green Wood-hoopoe LC  x            x  
Tockus nasutus African Grey Hornbill LC x x x x x         x  
Tockus leucomelas Southern Yellow-bill Hornbill LC x x x             
Trachyphonus vaillantii Crested Barbet LC  x              
Mirafa passerina Monotonous lark LC                
Calendulauda sabota Sabota Lark LC x               
Pinarocorys nigricans Dusky Lark LC x               
Hirundo rustica Barn Swallow LC  x x             
Dicrurus adsimilis Fork-tailed Drongo LC x             x x 
Turdoides jardineii Arrow-marked Babbler LC x             x  
Turdoides bicolor Southern Pied-Babbler LC x x            x x 
Pycnonotus tricolor Dark-capped Bulbul LC x               
Psophocichla litsipsirupa Groundscraper Thrush LC x               
Cercotrichas paena Kalahari Scrub-Robin LC x x              
Prinia subflava Tawny-flanked Prinia LC x x x x x           
Prinia flavicans Black-chested Prinia LC  x           x   
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Muscicapa striata Spotted Flycatcher LC x             x  
Bradornis mariquensis Marico Flycatcher LC  x x             
Motacilla capensis Cape Wagtail LC  x              
Anthus cinnamomeus African Pipit LC x               
Lanius collurio Red-backed shrike LC              x  
Laniarius atrococcineus Crimson-breasted Shrike LC x x x             
Tchagra australis Brown-crowned Tchagra LC x               
Corvinella melanoleuca Magpie Shrike LC x x       x       

Eurocephalus anguitimens 
Southern White-crowned 
Shrike LC x x        x    x x 

Creatophora cinerea Wattled Starling LC  x     x  x      x 
Cinnyricinclus leucogaster Violet-backed Starling LC  x     x         
Lamprotornis nitens Cape Glossy Starling LC x x x           x x 
Lamprotornis chalybaeus Greater Blue-eared Starling LC x               
Buphagus 
erythrorhynchus Red-billed Oxpecker NT  x              
Chalcomitra amethystina Amethyst Sunbird LC x  x             

Plocepasser mahali 
White-browed Sparrow-
Weaver LC x x x x x           

Passer diffusus 
Southern Greyheaded 
Sparrow LC x               

Petronia superciliaris Yellow-throated Petronia LC x               
Sporopipes squamifrons Scaly-feathered Finch LC x             x  
Ploceus velatus Southern Masked-Weaver LC x x              
Quelea quelea Red-billed Quelea LC x x x            x 
Pytilia melba Green-winged Pytilia LC x x          x    
Uraeginthus angolensis Blue Waxbill LC x x x             
Granatina granatina Violet-eared Waxbill LC x x x             
Estrilda erythronotos Black-faced Waxbill LC x  x             
Vidua macroura Pin-tailed Whydah LC x  x             
Vidua regia Shaft-tailed Whydah LC x x x             

Vidua paradisaea 
Long-tailed Paradise-
Whydah LC x x x             
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Crithagra atrogularis Black-throated Canary LC x x x             
Crithagra flaviventris Yellow Canary LC x             x  
Emberiza tahapisi Cinnamon-breasted Bunting LC x x x           x  
Emberiza flaviventris Golden-breasted Bunting LC x x x             
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APPENDIX 11 Reptile and frog species identified during NSS surveys in and around the study area 

Family Scientific name Common name Site 
1 

Site 
2 

Site 
3 

Site 
4 

Nelsons-
kop Gen. 

SNAKES         
LEPTOTYPHLOPIDAE  Leptotyphlops s. scutifrons Peter's thread snake    x   
COLUBRIDAE  Psammophylax tritaeniatus Striped skaapsteker x      
COLUBRIDAE  Psammophis subtaeniatus Stripe-bellied sand snake  x     
COLUBRIDAE  Telescopus s. semiannulatus Common tiger snake x      
COLUBRIDAE Dispholidus typus Boomslang   x    
ELAPIDAE Dendroaspis polylepis Black mamba      x  

AGAMAS, CHAMAELEONS, LIZARDS & GECKOS        
AGAMIDAE  Acanthocercus atricollis Southern Tree Agama      x 
CHAMAELEONIDAE  Chamaeleo dilepis Flap-necked chamaeleon      x 
VARANIDAE  Varanus albigularis Rock Leguaan      x 
LACERTIDAE Ichnotropis capensis Cape rough-scaled lizard    x   
SCINCIDAE  Panaspis walbergii Wahlberg's snake-eyed skink x  x  x  
SCINCIDAE  Mochlus sundevallii Sundevall's writhing skink  x  x   
SCINCIDAE  Trachylepis capensis Cape skink x      
GERRHOSAURIDAE Gerrhosaurus validus Giant plated lizard     x  
GEKKONIDAE Hemidactylus mabouia Moreau's tropical house gecko      x 
GEKKONIDAE Lygodactylus capensis Cape dwarf gecko      x 

TERRAPINS & TORTOISES        
PELOMEDUSIDAE  Pelomedusa subrufa Marsh terrapin  x     
TESTUDINIDAE Stigmochelys pardalis Leopard tortoise   x   x 

AMPHIBIANS         
BUFONIDAE Poyntonophrynus fenoulheti Northern Pygmy Toad       
BUFONIDAE Schismaderma carens Red Toad       
HYPEROLIIDAE Kassina senegalensis Bubbling Kassina       
MICROHYLIDAE Phrynomantis bifasciatus Banded Rubber Frog       
PTYCHADENIDAE Hildebrantia ornata Ornate Frog       
PTYCHADENIDAE Ptychadena anchietae Plain Grass Frog       
PYXICEPHALIDAE Pyxicephalus adspersus Giant Bullfrog       
PYXICEPHALIDAE Pyxicephalus edulis African Bullfrog       
PYXICEPHALIDAE Tomopterna cryptotis Tremolo Sand Frog       
PYXICEPHALIDAE Tomopterna krugerensis Knocking Sand Frog       
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Family Scientific name Common name Site 
1 

Site 
2 

Site 
3 

Site 
4 

Nelsons-
kop Gen. 

RHACOPHORIDAE Chiromantis xerampalina Foam Nest Frog       

APPENDIX 12 Macro-invertebrate families and species identified during NSS surveys in and around the study area 

ORDER FAMILY SCIENTIFIC NAME COMMON NAME STATUS Site 
1 

Site 
2 

Site 
3 

Site 
4 Gen. Nelsons-

kop Onbelyk 

Class: INSECTA            
BLATTODEA BLABERIDAE Hostilia spp. Cockroach LC   x  x   
COLEOPTERA CARABIDAE Passalidus sp. Burrowing ground beetle LC        
COLEOPTERA CARABIDAE  Ground beetle LC    x    

COLEOPTERA CARABIDAE  
Long-necked Tiger 
Beetle LC        

COLEOPTERA CARABIDAE Craspedophorus sp 
Yellow-spotted Ground 
beetle LC x       

COLEOPTERA CERAMBYCIDAE Tithoes confinis Giant longhorn LC    x    
COLEOPTERA CICINDELIDAE Manticora sp. Monster tiger beetle PS        
COLEOPTERA CUCULIONIDAE  Snouted weevils LC        
COLEOPTERA ELATERIDAE  Click beetles LC        
COLEOPTERA LYCIDAE Lycus spp. Net-winged beetles LC x       
COLEOPTERA MELOIDAE Mylabris oculata CMR Bean beetle LC     x   
COLEOPTERA SCARABAEIDAE Aphodius spp. Miniature Dung chafers LC  x   x   

COLEOPTERA SCARABAEIDAE 
Gymnopleurus 
humanus 

Small Green Dung 
beetle LC      x  

COLEOPTERA SCARABAEIDAE Heteronitis castelnaui Grooved Dung beetle LC     x   

COLEOPTERA SCARABAEIDAE Kheper spp. 
Large Copper Dung 
beetle LC  x   x   

COLEOPTERA SCARABAEIDAE 
Pachylomerus 
femoralis 

Flattened Giant Dung 
beetle LC  x   x   

COLEOPTERA TENEBRIONIDAE Eurychora spp. Mouldy beetle LC  x   x   
COLEOPTERA TENEBRIONIDAE Psammodes sp. Giant toktokkie LC  x x x    
COLEOPTERA TENEBRIONIDAE Tenebrio molitor Yellow mealworm LC   x  x   
DIPTERA ASILIDAE  Robberflies LC        
DIPTERA BOMBILIDAE  Bee flies LC        
DIPTERA BOMBYLIIDAE  Bee flies LC x       
DIPTERA PLATYSTOMATIDAE Bromophila caffra Red-headed fly LC x       
HEMIPTERA CICADIDAE  Cicadas LC        
HEMIPTERA MIRIDAE  Plant bug LC    x    
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ORDER FAMILY SCIENTIFIC NAME COMMON NAME STATUS Site 
1 

Site 
2 

Site 
3 

Site 
4 Gen. Nelsons-

kop Onbelyk 

HYMENOPTERA ANTHOPHORIDAE Xylocopa sp. Carpenter bee LC x       
HYMENOPTERA CHRYSIDIDAE  Cuckoo wasp LC        
HYMENOPTERA EUMENIDAE  Potter & Mason wasps LC x       

HYMENOPTERA FORMICIDAE 
Anoplolepis 
custodiens Pugnacious ant LC   x     

HYMENOPTERA FORMICIDAE Dorylus sp. Matabele ant LC     x   
HYMENOPTERA MUTILLIDAE  Velvet Ants LC  x x     

HYMENOPTERA SPHECIDAE  
Mud daubers & Sand 
wasps LC     x   

ISOPTERA TERMITIDAE 
Macrotermes 
(Macroterminae) Large termite mound LC     x   

ISOPTERA TERMITIDAE 
Macrotermes 
(Nasutiterminae) 

Termites - small round 
mounds LC x       

LEPIDOPTERA LYCAENIDAE Azanus moriqua Thorn-tree Blue butterfly LC     x   
LEPIDOPTERA NYMPHALIDAE Acraea anemosa Broad-bordered Acraea LC x       

LEPIDOPTERA NYMPHALIDAE Danaus chrysippus 
African Monarch 
butterfly LC x x x  x  x 

LEPIDOPTERA NYMPHALIDAE 
Junonia hierta 
cebrene Yellow Pansy butterfly LC   x     

LEPIDOPTERA NYMPHALIDAE 
Hamanumida 
daedalus Guinea Fowl butterfly LC       x 

LEPIDOPTERA NYMPHALIDAE Charaxes spp. 
Emperor/ Charaxes 
butterfly LC      x  

LEPIDOPTERA NYMPHALIDAE Byblia ilythia Spotted Joker butterfly LC      x  

LEPIDOPTERA NYMPHALIDAE 
Hyalites esebria 
esebria Dusky Acrea butterfly LC        

LEPIDOPTERA PIERIDAE Colotis danae annae Scarlet Tip butterfly LC   x     

LEPIDOPTERA PIERIDAE Colotis ione 
Bushveld Purple Tip 
butterfly LC   x     

LEPIDOPTERA PIERIDAE 
Pinacopteryx eriphia 
eriphia  Zebra White butterfly LC     x   

LEPIDOPTERA PIERIDAE 
Eurema brigitta 
brigitta Broad-bordered yellow LC x       

LEPIDOPTERA HESPERIIDAE Spalia spp. Sandman butterfy LC     x   

LEPIDOPTERA PAPILIONIDAE Papilio demodocus 
Citrus Swallowtail 
butterfly LC     x   

MANTODEA MANTIDAE Ligariella sp. Praying mantis LC        
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ORDER FAMILY SCIENTIFIC NAME COMMON NAME STATUS Site 
1 

Site 
2 

Site 
3 

Site 
4 Gen. Nelsons-

kop Onbelyk 

NEPIDAE LACCOTREPHES  Common water scorpion LC   x     
NUEROPTERA MYRMELEONTIDAE  Antlions LC        
ODONATA LIBELLULIDAE  Dragonflies LC x x x     
ORTHOPTERA GRYLLIDAE  Crickets LC        
ORTHOPTERA PYRGYMORPHIDAE Zonocerus elegans Elegant grasshopper LC   x     
PHASMATODEA HETERONEMIIDAE  Grey stick insect LC     x   
THYSANURA LEPISMATIDAE  Silverfish (fish moth) LC  x      

Class: ARACHNIDA            
ARANEAE ARGIOPINAE Argiope sp. Garden spider LC      x  
ARANEAE ERESIDAE Stegodyphus sp. Community spider LC     x   
ARANEAE LYCOSIDAE  Wolf spider LC   x x    
ARANEAE PALPIMADIDAE  Spider LC        
ARANEAE SALTICIDAE  Jumping spider LC x       
ARANEAE SELENOPIDAE Selenops sp. Wall spider / Flattie LC      x  
ARANEAE SICARIIDAE Loxosceles sp. Violin spider LC  x      
ARANEAE TETRAGNATHIDAE Nephila sp. Golden orb spider LC   x  x   
ARANEAE THERIDIIDAE Latrodecteus sp. Black widow LC   x     

MYGALOMORPHIDAE THERAPHOSIDAE 
Ceratogyrus 
bechuanicus Horned baboon spider PS        

SCORPIONES BUTHIDAE 
Parabuthus 
mossambicus 

Yellow Thick-tailed 
Scorpion LC  x      

SCORPIONES BUTHIDAE 
Parabuthus 
transvaalicus 

Black Thick-tailed 
scorpion LC x x x x x x  

SCORPIONES BUTHIDAE Uroplectes vittatus Stinger scorpion LC  x x     
SCORPIONES SCORPIONIDAE Opistophthalmus spp. Burrowing scorpion PS x       
SOLIFUGAE - - Solifuge spider LC x x x x x   

OTHER GROUPS            
Class: CHILOPODA Order: JULIFORMIA - Centipede LC x x x x    

Class: DIPLOPODA 
Order: 
SCOLOPENDROMORPHA - Millipedes LC x x x  X   

 



Grootegeluk Mine  - Biodiversity Assessment 

NATURAL SCIENTIFIC SERVICES CC 

 115

APPENDIX 13 Biodiversity Offset Discussion 
 
Benefits of Biodiversity Offsets 
Both conservation and the mining industry can benefit from biodiversity offsets. For 
the conservation sector, the benefits include (Matrix, 2007):  
 
• More conservation: through agreements with large companies, conservation can 

potentially obtain access to more land. 
• Better conservation: potentially, offsets can provide a mechanism which allows for 

better planning of conservation areas. They can facilitate the creation of 
interlinked areas big enough to harbour species sustainably, as well as the 
establishment corridors. 

• Giving conservation a monetary value: giving conservation a value means that it 
can compete on a more equal footing with alternate (money generating) uses such 
as development. 

 
For the mining industry, the potential benefits include (ten Kate et al, 2004):  
• License to operate and access to land: an offset commitment may allow a 

company to mine in an area that would otherwise be out of bounds. 
• Access to capital: financial institutions which apply the Equator Principles will only 

provide financing to projects which (amongst other requirements) can show 
performance in compliance with the International Finance Corporation’s 
performance standard on Biodiversity Conservation and Sustainable Natural 
Resource Management. 

• Lower cost of compliance: in some situations, the rehabilitation of an area to an 
acceptable state after mining (which is not the original state), and then 
compensating for the difference offsite, may be the preferred option both 
financially and from a conservation point of view. An example could be where a 
mine is located in an area which is surrounded by other mines, which is becoming 
the case for Grootegeluk. Rehabilitating the pits back to the pre-mining condition 
at a high cost post mining may not have the desired conservation impact, due to 
the isolation of that area, and the external impacts caused by surrounding 
activities, and then to compensate for the biodiversity loss in the area, where a 
contribution can be made to a larger intact, and more sustainable, area of 
biodiversity. 

• Ethical environmental stewardship: by demonstrating corporate responsibility, a 
company will have better relationships with government departments, the 
community around its operations and its own employees. This will not only 
improve the image of the company (and potentially improve business 
opportunities), but could also make dealing with government departments less 
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onerous and bureaucratic due to mutual trust, and result in less local problems 
and demands. 

Concerns or Risks of Biodiversity Offsets 
Concerns have also been raised in regards to the potential risks inherent in 
implementing biodiversity offsets. Some of these include (ten Kate et al, 2004): 
 
• Offsets don’t deliver the intended biodiversity benefits.  
• Causes potential disputes around the process of placing value on biodiversity. 
• Can cause disagreements around conservation priorities. 
 
Some of the identified potential risks for mining companies include: 
 
• Undertaking biodiversity offsets may attract undue attention to the company. 

Although undertaking an initiative should be seen as positive, due to conflicting 
agendas and priorities, the project may attract criticism. 

• An offset project is a long – term commitment and companies may have concerns 
about changing perceptions of management and personnel, as well as 
government officials in the future. In addition, it requires the long –term buy in of a 
variety of stakeholders. 

• An offset adds new legal and/or moral liabilities and responsibilities to the 
company’s portfolio. 
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Indemnity 

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 
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Validity Period 

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.  
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1.  INTRODUCTION 

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.  The proposed expansion area (i.e. 
study area) forms part of the Grootegeluk Mining Rights area and as such, is addressed and 
approved in the Environmental Management Programme (EMPR) for the mine.  The identified 
areas (study area), also referred to as the plan area, includes: 

• Daarby 458 LQ 
• Leeuwdrift 312 LQ 

• Grootegeluk 459 LQ 
• Hieromtrent 360 LQ 

 
The plan/study area currently has no mining related infrastructure within its boundaries as it is 
utilised for game farming purposes and covers an area of approximately 2’045ha.  It should be 
noted that the proposed study area does not cover the entire afore-mentioned cadastral, but 
rather portions thereof, as depicted in Figure 1.1.   
 
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 

 
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.   
 

                                                
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 
ephemeral in nature, which is further exacerbated 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 layers.  The combination of 
these factors has resulted in the formation of these non-perennial systems within the landscape, which are considered to be the only 
wetlands identified within the study area.   
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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 central and northern portions of the study area be mined (Figure 
1.2).  The proposed mining plan will be rolled out over a thirty (30) year period (referred to as 
Phase 1).  It should be noted that the mining footprint that extends beyond the study area 
boundary was not considered in this study but has been included in the Thabametsi Wetland 
Assessment Report (Digby Wells 2014).  The remaining study area will be retained as natural 
vegetation for the next 30 years.  Thereafter, this portion of the study area has been earmarked 
for surface mining between years 30 and 50, as it forms part of the mining rights area and is 
referred to as Phase 2.  
 
1.2 Terms of reference 

The study area is located along the southern and western boundaries 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 within the study area boundary;  

• 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; 
• Description of the loss of wetland habitat associated with the proposed expansion of the 

mine (Phase 1 only) 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. 

 
 

                                                
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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Figure 1.1 Overview of the plan/study area within the specified cadastral boundaries 
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Figure 1.2 Overview of the proposed Life of Mine in relation to the study area 
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2. KNOWLEDGE GAPS 

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 vast expanse of the study area, HECRAS modelling was undertaken for the 
site to assist with the identification of wetland habitat/low points within the landscape.  

• The assessment of the wetlands within the operational-mining landscape assumes that all 
of the wetlands within the Phase 1 LOM footprint associated with the study area 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 loss of wetland habitat associated with Phase 2 of the proposed mining activities, 
which is to include the remaining study area, has not been accounted for in this study.    

• 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 the wetlands retained with the study area, which will not be directly 
impacted by any mining activities and/or associated infrastructure, will remain unaffected.  
Should any of the proposed mining activities encroach into the catchment of the pans, the 
impacts have been accounted for accordingly.  The integrity of the wetlands within 500m 
of the proposed mining activities should be monitored to ensure the integrity is retained 
and not reduced due to mining activities.  

• Some wetlands that are located beyond the study site boundary were verified infield and 
have been used for reference purposes only, i.e. these systems have not been assessed 
for their functionality and integrity.  These systems were included for reference purposes 
and do not depict all of the systems that fall beyond the study area.  Should impacts on 
these systems be realised, then these would have to be assessed separately, as these 
areas did not form part of the scope of work of this study.  

 
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.  
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• 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).  Due to the vast number of 
wetlands within the study area, 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.  

• During the wet season site visit, some of the areas were considered to be inaccessible, 
either due to changes in the fence lines across the site or due to being inaccessible 
following the recent heavy rainfall.  

• 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 and same/similar sub-catchment characteristics were 
clustered together to form a wetland complex/group.  This step was repeated across the 
site and for each of the quaternary catchments.  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 that fall within the Life of Mine (LOM) plan (Phase 1) within the study area 
boundaries will be lost (Figure 1.2).  Any additional areas that extend beyond the study 
area but fall within the LOM plan have not been included in this study.  The loss of any 
wetland habitat within these areas has been previously assessed as part of the 
Thabametsi wetland study (Digby Wells 2014).  The loss of wetland habitat associated 
with the Phase 2 mining scenario, i.e. 30-50 year mining plan; has not been accounted for 
in this study.  However, it is understood that the remaining wetlands within the study area 
will eventually be lost as it forms part of the entire 50 year reserve within the greater mining 
rights area.  This however, would be subject to the extension of the mining rights after 
2041 

• 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 
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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 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 integrity results of the candidate wetlands are based on the Digby Wells 
Environmental (2016) study and were used to inform the wetland offset calculations.  
Furthermore, proposing these systems as candidate wetlands is only based on a brief 
desktop review undertaken by GroundTruth without any infield verification.   

• 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 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 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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3. EXPERTISE OF THE SPECIALISTS 

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. 

7 years’ of experience with 
input into various wetland 
studies: 

• Delineation,  
• Assessments,  
• Rehabilitation 

planning; 
• Monitoring and 

evaluation of wetland 
rehabilitation projects; 
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4. STUDY AREA 

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 across the A41E and A42J quaternary catchments, as defined by Midgley et 
al. (1994).  These quaternary catchments form part of the Matlabas/Mokolo River catchment.  The 
Mean Annual Precipitation (MAP) for A41E is 439.4mm and Potential Evapotranspiration (PET) 
is 2’407mm (Schulze 2007). The MAP for A42J is 428.6mm and PET is 2’444mm (Schulze 2007).   
This suggests that the wetlands/non-perennial 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 
vegetation units and their relationships are described in more detail in the report compiled by 
Natural Scientific Services in 2011.  
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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), 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 
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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 draft resource quality objectives report (Government Gazette No. 41310) has been compiled 
by DWS (2017) 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 2017).  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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5. METHODS 

This section of the report provides an overview of the methods adopted to delineate and assess 
the identified freshwater ecosystems associated with the study area. 
 
5.1 Dry season sampling  

5.1.1 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.   
 
5.1.2 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.   
 
5.1.2.1 Collection of soil samples and visual assessment of wetlands in the dry phase 

During the dry season site visit, a total of eleven (11) 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 wetland auger with a dutch bucket (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. 
 
5.1.2.2 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. 
 
5.1.2.3 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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5.1.2.4 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  

5.2.1 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.   
 
5.2.1.1 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). 

 
5.2.1.2 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).  
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The refined GIS layer was used to inform the wet season site visit.  
 
5.2.2 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. 
 
5.2.2.1 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  

                                                
8 Mobile Mapper 50 handheld unit, a professional sub-meter accurate receiver 
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• Hydrological Indicators. 
 

 
Figure 5.6 Overview of the location of the wetland sample plots 

 
5.2.2.2 Wet Season Invertebrate sampling 

Aquatic invertebrates were collected from eleven (11) sites (Figure 5.1) during the wet season 
sampling event.  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.  
 
5.2.2.3 Water chemistry 

During the wet season sampling, eleven (11) 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 Phase 1 mining 
activities, i.e. over the next 30 years.  Furthermore, it does not take any form of wetland 
rehabilitation/mitigation activities into account.  In addition, it assumes that the loss of wetland 
habitat within the identified portion will happen simultaneously even though the loss of wetlands 
habitat will follow 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 Groups 1 - 9).  The clustering of the wetlands into groups was based on 
the following criteria: 

• Wetland type, i.e. natural versus artificial9; 
• Quaternary catchment; 
• Catchment impacts e.g. mining; 
• Location in relation to proposed mining activities, i.e. within the LOM footprint; 
• Location in relation to the study area, i.e. the few wetlands that are outside of the study 

area boundary that were assessed for reference purposes;  
• Size of the wetland: 

o Less than 0.1ha; 
o Between 0.1 and 0.5ha; 
o Between 0.5 and 2 hectares; and 
o Greater than 2 ha.  

 
Based on these clusters the wetlands were assessed in terms of functioning and integrity.  
 
5.3.1 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); 
                                                
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. 
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• Moderately Low (1); 
• Intermediate (2); 
• Moderately High (3); and  
• 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. 

W
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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. 

D
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ct
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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. 

Pr
ov
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io

ni
ng

 
be

ne
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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. 

C
ul

tu
ra

l b
en

ef
its

 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.  
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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 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.  
 
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 

 
5.3.2 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 post-operational10 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 (Phase 1 – 30 year mining activities): assumes that all of the 
wetland systems within the LOM plan in the study area boundary will be lost as a result of 
the proposed mining activities.  The impacts on the remaining wetlands, both within the 
study area or beyond the study area boundaries, is based on the proximity of the wetlands 
to the proposed LOM and whether these activities extended into the systems’ catchments.  
However, it is understood that the remaining wetlands within the study area will eventually 

                                                
10 Note that this only accounts for the impacts associated with the proposed Phase 1 mining activities  
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be lost as this forms part of the entire 50 year reserve within the mining rights area.  This 
would be subject to the extension of the mining rights after 2041.  

 
Table 5.3 Impact scores and present ecological state categories for describing the integrity of 
wetlands11 
(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 3:2:2:212 (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. 
  

                                                
11 It is assumed that there is no change in classes between the 2007 and 2018 inteigirty assessment technique.  
12 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 

 
5.3.3 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 

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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• Probability/likelihood of the impact occurring.  
 
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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6. RESULTS 

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 sixty-three (63) freshwater ecosystems were identified, covering an area 
of approximately 7.77ha (Figure 6.1).  Of the sixty-three systems, three (3) were classified as 
artificial systems and comprised of two (2) watering holes, and one (1) excavated area.  The 
excavated area within the Leeuwdrift portion of the study area had similar characteristics to the 
watering holes, however, this was the only system that did not have any evidence of artificial 
water inputs i.e. a discharge point into the system, and therefore has been described separately 
from the watering holes.  These artificial systems cover an area of approximately 0.62ha, whilst 
the remaining 7.14ha are considered to be natural wetland systems.  An additional eight (8) 
wetland systems located just outside of the study area, were also reviewed during the site visits 
for reference purposes.  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 site 
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6.1.1 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; 
• Substrate of the systems was generally rock or course/gravel-like material and not mud 

as in the natural systems; 
• Evidence of either current or historical 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.  
 
6.1.1.1 Watering holes 

Of the two (2) identified watering holes, one (1) is still being actively maintained as a source of 
water for the wildlife within the reserve.  The active watering hole is located within the Hieromtrent 
portion of the reserve (Figure 6.2) and is approximately 0.13ha in extent.  This watering hole is 
the only source of water for the wildlife during the dry season, as the natural systems are 
considered to be seasonal in nature.   
 

 

Figure 6.2 View of the Hieromtrent watering hole during the dry season site visit (left) and the wet 
season site visit (right) 

 
The last watering hole is located within the Grootegeluk portion of the reserve however, it is no 
longer maintained as a watering hole and is only sustained through rainfall events (Figure 6.3).  
This system covers an area of approximately 0.35ha.  During the wet season site visit, a layer of 
coal dust was observed on the water body.  Unlike the natural systems, the tree line around the 
artificial wetlands is generally a substantial distance from the high water mark in comparison to 
the natural systems which have well-vegetated fringes.  In this instance, the tree line around the 
Grootegeluk watering hole is approximately ten (10) meters from the edge of the high water mark, 
and as such may not be serving to shelter the system from coal dust.  
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Figure 6.3 View of the Grootegeluk watering hole during the dry season site visit (left) and wet 

season site visit (right) 
 
6.1.1.2 Leeuwdrift artificial system 

The characteristics of the Leeuwdrift system (Figure 6.4) suggest that the system is artificial in 
origin, due to the substrate within the system being dominated by bedrock/gravel in comparison 
to the natural wetlands, which are dominated by muddy substrate.  This system covers an area 
of approximately 0.14ha and is located on the top of a hill and not connected to any dendritic 
drainage networks/preferential flow paths.  Unlike the other artificial systems, there was no 
evidence that the system is or previously was sustained by additional water inputs, and the only 
water inputs it receives are through rainfall events.  Furthermore, in contrast to the other artificial 
systems the tree line around the system encroaches into the wetland, as per the natural systems.   
 

 
Figure 6.4 View of the Leeuwdrift artificial wetland during the dry season site visit (left) and during 

the wet season site visit (right) 
 
6.1.2 Wetland habitat 

The remaining sixty (60) wetlands within the study area are considered to be natural wetland 
habitat, i.e. not artificially created and/or sustained.  These systems cover an area of 
approximately 7.14ha, and range in size from 0.0004ha to 2.36ha.  However, the majority of the 
systems are less than 0.1ha in extent.  Of all of the systems, there is only one system that is 
greater than two hectares, namely 2.36ha, which is located within the Leeuwdrift portion of the 
study area.    
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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 endorheic13 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)14, 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.   
 

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).  However, of the sixty wetlands, two 
(2) systems are considered to be impacted upon by mining activities within their catchments.  The 
one system is located within the Hieromtrent portion of the study area and directly west of a large 
haulage route that runs north to south, whilst the second wetland is located within the Daarby 
portion of the study area.  This wetland is located directly west of one of the discard dumps.  
 
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 

                                                
13 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)”.  
14 Information sourced from Ellery (2018) MSc thesis 
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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 higher 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).   
 
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 6.5).  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 
6.6).  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.   
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Figure 6.5 Examples of the desiccated soils of two of the wetlands during the dry season site visit 
 

 

 
Figure 6.6 Examples of the some of the wetlands visited during the wet season site visit and the 

variable amount of water within the systems 
 
Visual water quality observations 

In many instances, the water quality and/or turbidity within the larger systems was considered to 
be better than that of the smaller systems.  As many of the smaller systems were drying up, algal 
blooms started becoming more prevalent (Figure 6.7).  These algal blooms were predominantly 
associated with the fact that the wetlands are used as wallows by the wildlife and as such the 
urine concentrations within these rapidly evaporating systems increases and hence the algal 
blooms.    
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Figure 6.7 An example of algal blooms within two of the smaller wetlands 

 

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 6.8). This is 
particularly true for the larger wetland systems.  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.   
 

 
Figure 6.8 An example of a string of smaller wetlands aligned with a dendritic drainage network 

 
System engineers 
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Conversely, to those systems connected to a dendritic drainage network, there are a number of 
the smaller systems that are not located along any drainage networks but rather are isolated 
within the landscape.  These systems are considered to be pans/depressions but the formation 
of these systems may also be as a result of ‘natural system engineers’.  These system engineers 
include any wildlife species that enjoy wallowing in muddy pools e.g. warthog (Phacochoerus 

africanus), black and white rhinoceros (Diceros bicornis and Ceratotherium simum).  During the 
wet season site visit there was evidence that a number of wet pools were expanding in extent as 
the system engineers alter these pools to suite their specific needs.  Figure 6.9 provides an 
example of two of the smallest wetlands identified within the study area that are not linked to a 
dendritic drainage network and show evidence of being extensively used as wallowing pools by 
the wildlife within the reserve.  Given the right substrate under the mud and sufficient rainfall 
events over a number of years, may result in the formation of small, isolated wetlands within the 
landscape, however, these systems are generally exceptionally small in extent e.g. the two 
wetlands depicted are smaller than 0.0019ha.   
 

 
Figure 6.9 Examples of two of the smaller wetlands within the study area that are extensively used 

by the wildlife as wallowing holes. 
 
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 6.10 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.   
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Figure 6.10 An example of trees within an inundated wetland (left) and the actual watermark on the 

trees following a rainfall event (right) 
 
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 6.11).  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 6.11 An example of two of the larger 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 
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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 6.12).  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.   
 

 
Figure 6.12 Examples of bush encroachment into some of the wetlands identified  

 

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.  Furthermore, all systems identified as wetlands contained invertebrates but it should 
also be noted that the artificial systems such as the disused watering hole within the Grootegeluk 
portion of the study area, also contained invertebrates.  This aspect will be further discussed in 
Section 6.4.  
 
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-mining15 scenarios.  The results of these 
assessments are described below.  
 
6.2.1 Wetland clusters 

Based on the criteria described in Section 5.3 all of the wetlands, excluding the artificial wetlands, 
were clustered/grouped as follows: 

• Quaternary catchment A41E but will be lost due to the proposed mining activities: 
o Group 1 - <0.1ha in size; 

                                                
15 For the purpose of this study, the operational-mining scenario assumes that all of the wetlands within the LOM footprint within the 
study area will be lost simultaneously due to the proposed expansion of the Grootegeluk mining activities, even though the pans within 
the LOM footprint will only be lost as the mining activities expand over the next 30 years.  
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o Group 2 - >0.1ha but <0.5ha in size; and 
o Group 3 - >2ha in size.  

• Quaternary catchment A42J but will be lost due to the proposed mining activities: 
o Group 4 - <0.1ha in size; 
o Group 5 – >0.1ha but <0.5ha in size;  
o Group 6 - >0.1ha but <0.5ha in size (currently includes mining activities within the 

wetland’s catchment); and 
o Group 7 - >0.5 ha but <2ha in size;  

• Quaternary catchment A42J however, will be retained within the operational-mining 
landscape: 

o Group 8 - <0.1ha in size; and 
o Group 9 - >0.1ha but <0.5ha in size (includes mining activities within the wetland’s 

catchment). 
 
6.2.2 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: Quaternary catchment A41E 

Generally, the values recorded for the regulating and supporting services for the current scenario 
for the wetlands within the A41E quaternary catchment were Moderately Low to Intermediate 

(Table 6.1 and Figure 6.13).  In some instances, the wetlands’ effectiveness at providing a 

particular ecosystem service differs markedly from the opportunity that exists to supply that 
ecosystem service.  For example, the opportunity of the wetlands to trap sediments was 
considered to be Intermediate, due to erosive potential of the soils within the catchment.  
However, the gentle gradient of the catchment and the fact that the delivery of any sediments into 
the wetlands would not be likely even with changes to land use practices e.g. agricultural activities; 
but is rather a natural process in such a landscape.  Furthermore, the isolated nature of these 
systems from a stream network also reduces the ‘value’ these systems have within the landscape.  

The regulating services supplied by the smaller wetlands in Group 1 (<0.1ha) are considered to 
be marginally less than those wetlands within Groups 2 and 3.  This can be attributed to the size 
of the wetlands, and the fact that the larger the wetland the greater the water retention within the 
systems and thus for seasonal wetness conditions to develop.  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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Current scenario: Quaternary catchment A42J 

Generally, the values recorded for the regulating and supporting services for the current scenario 
for the wetlands within the A42J quaternary catchment were Moderately Low to Intermediate 

(Table 6.2 and Figure 6.14), which is similar to those systems within A41E.  The regulating 
services supplied by the smaller wetlands in Groups 4 and 8 (<0.1ha) are considered to be 
marginally less than those wetlands within Groups 5 and 7 and this can be attributed to the size 
of the wetlands, as mentioned previously.  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.  
 
Groups 6 and 9 comprised of only two wetlands within the study area that had some degree of 
mining activities within their catchment, and as such the results for the WET-EcoServices 
assessment differed from the other within A42J.  Even though these two systems have been 
classified as pans/depressions, and function in the same manner as the other systems within the 
study area, the inputs and catchment impacts alter the opportunities available for these systems 
to supply specific ecosystem services e.g. flood attenuation, sediment trapping and toxicant 
removal.  However, the effectiveness of these systems to supply these services is the same as 
the other wetlands within the landscape.  Biodiversity maintenance is considered to be marginally 
less than the other wetlands, which can be mainly attributed to the fact that the mining activities 
within the catchment greatly influence the buffer around the wetland.   
 
Operational-mining scenario    
It is assumed that all of the wetlands that fall within the LOM plan within the study area will be lost 
in the operational-mining landscape, and as such the ecosystems services supplied by these 
systems would also be lost.  The wetlands that will be retained within the operational-mining 
landscape, namely Groups 8 and 9, will continue to supply the ecosystem services as per the 
current scenario.  It should however, be noted that eventually the pans associated with Groups 8 
and 9 will be lost, as the remaining study area forms part of the 50 year mining reserve.  The 
impacts associated with the Phase 2 mining operations have however, not been accounted for at 
this point in time.   
  



Exxaro Grootegeluk Coal Mine 
Wetland Delineation & Assessment 2018 

 

©  GroundTruth  Page 50 
 

Table 6.1 Summary of current Ecosystem Services Scores16 for all of the wetlands identified within quaternary catchment A41E 
Ecosystem Services Group 1 Group 2 Group 3 

Flood attenuation 1.7 1.8 1.9 
   Score for effectiveness: 1.6 1.8 2.0 
   Score for opportunity: 1.8 1.8 1.8 
Stream flow regulation 0.0 0.2 0.2 
Sediment trapping 1.4 1.5 1.5 
   Score for effectiveness: 0.8 0.9 1.0 
   Score for opportunity: 2.0 2.0 2.0 
Phosphate trapping 0.8 1.0 1.0 
   Score for effectiveness: 1.6 2.0 2.0 
   Score for opportunity: 0.0 0.0 0.0 
Nitrate removal 0.5 0.8 0.8 
   Score for effectiveness: 1.0 1.5 1.5 
   Score for opportunity: 0.0 0.0 0.0 
Toxicant removal 0.6 0.9 0.9 
   Score for effectiveness: 1.2 1.7 1.8 
   Score for opportunity: 0.0 0.0 0.0 
Erosion control 1.5 1.6 1.6 
   Score for effectiveness: 2.0 2.3 2.3 
   Score for opportunity: 0.9 0.9 0.9 
Carbon storage 1.3 1.7 1.7 
Biodiversity maintenance 2.7 2.7 2.7 
   Score for noteworthiness: 2.0 2.0 2.0 
   Score for integrity: 3.3 3.3 3.3 
Water supply 0.0 0.6 0.6 
Source of harvestable goods 
/resources 

0.0 0.0 0.0 
Source of cultivated goods 
/resources 

0.0 0.0 0.0 
Socio-cultural significance 0.0 0.0 0.0 
Tourism and recreation 0.3 0.3 0.4 
Education and research 1.0 1.0 1.0 

  
  

                                                
16 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Figure 6.13 Overview of the ecosystem services provided by the wetland systems within quaternary catchment A41E for the current scenario   
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Table 6.2 Summary of current Ecosystem Services Scores17 for all of the wetlands identified within quaternary catchment A42J 
Ecosystem Services Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 

Flood attenuation 1.7 1.6 2.4 1.8 1.7 2.4 
   Score for effectiveness: 1.6 1.4 1.6 1.8 1.6 1.6 
   Score for opportunity: 1.8 1.8 3.3 1.8 1.8 3.3 
Stream flow regulation 0.0 0.2 0.0 0.2 0.0 0.0 
Sediment trapping 1.4 1.4 1.7 1.5 1.4 1.7 
   Score for effectiveness: 0.8 0.7 0.8 0.9 0.8 0.8 
   Score for opportunity: 2.0 2.0 2.5 2.0 2.0 2.5 
Phosphate trapping 0.8 1.0 1.3 1.0 0.8 1.3 
   Score for effectiveness: 1.6 1.9 1.6 2.0 1.6 1.6 
   Score for opportunity: 0.0 0.0 1.0 0.0 0.0 1.0 
Nitrate removal 0.5 0.8 0.5 0.8 0.5 0.5 
   Score for effectiveness: 1.0 1.5 1.0 1.5 1.0 1.0 
   Score for opportunity: 0.0 0.0 0.0 0.0 0.0 0.0 
Toxicant removal 0.6 0.8 1.4 0.9 0.6 1.4 
   Score for effectiveness: 1.2 1.7 1.2 1.7 1.2 1.2 
   Score for opportunity: 0.0 0.0 1.5 0.0 0.0 1.5 
Erosion control 1.5 1.6 1.7 1.6 1.5 1.7 
   Score for effectiveness: 2.0 2.3 2.0 2.3 2.0 2.0 
   Score for opportunity: 0.9 0.9 1.4 0.9 0.9 1.4 
Carbon storage 1.3 1.7 1.3 1.7 1.3 1.3 
Biodiversity maintenance 2.7 2.7 2.1 2.7 2.7 2.1 
   Score for noteworthiness: 2.0 2.0 2.0 2.0 2.0 2.0 
   Score for integrity: 3.3 3.3 2.2 3.3 3.3 2.2 
Water supply 0.0 0.6 0.0 0.6 0.0 0.0 
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 0.4 0.3 0.3 
Education and research 1.0 1.0 0.5 1.0 1.0 0.5 

 
  

                                                
17 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Figure 6.14 Overview of the ecosystem services provided by the wetland systems within quaternary catchment A42J for the current scenario 
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Figure 6.14 cont. Overview of the ecosystem services provided by the wetland systems within quaternary catchment A42J 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 6.3 to Table 6.11).  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 6.3 EIS scores for the Group 1 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.2 Moderate 

Hydro-functional importance  1.0 Low/marginal 
Direct human benefits 0.2 None 

 
Table 6.4 EIS scores for the Group 2 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.2 Moderate 

Hydro-functional importance  1.2 Low/marginal 
Direct human benefits 0.3 None 

 
Table 6.5 EIS scores for the Group 3 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.2 Moderate 

Hydro-functional importance  1.2 Low/marginal 
Direct human benefits 0.3 None 

 
Table 6.6 EIS scores for the Group 4 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.7 Moderate 

Hydro-functional importance  1.0 Low/marginal 
Direct human benefits 0.2 None 
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Table 6.7 EIS scores for the Group 5 for the current scenario 
 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.7 Moderate 

Hydro-functional importance  1.1 Low/marginal 
Direct human benefits 0.3 None 

 
Table 6.8 EIS scores for the Group 6 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.1 Moderate 

Hydro-functional importance  1.3 Low/marginal 
Direct human benefits 0.1 None 

 
Table 6.9 EIS scores for the Group 7 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.7 Moderate 

Hydro-functional importance  1.2 Low/marginal 
Direct human benefits 0.3 None 

 
Table 6.10 EIS scores for the Group 8 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.7 Moderate 

Hydro-functional importance  1.0 Low/marginal 
Direct human benefits 0.2 None 

 
Table 6.11 EIS scores for the Group 9 for the current scenario 

 Current  
Categories Importance 

Score 
Importance 

Rating 
Ecological importance & 
sensitivity 2.7 Moderate 

Hydro-functional importance  1.3 Low/marginal 
Direct human benefits 0.1 None 
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6.2.3 Wetland ecological integrity assessment18 

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: 

• The wetlands located within the LOM footprint will be lost in their entirety and 
simultaneously, even though the mining plan extends over a period of thirty (30) years; 

• As such, the integrity/hectare equivalents calculated for the current scenario will be 
considered to be lost in the operational-mining scenario i.e. if a wetland group was 
equivalent to 1 hectare equivalent, the operational-mining scenario assumes that there 
will be a loss of 1 hectare equivalent within the operational-mining landscape.   

• The wetlands located within the remaining study area will be minimally and/or not be 
impacted upon within the operational-mining landscape (Phase 1) however, these 
systems will be lost during Phase 2 but the loss associated with Phase 2 has not been 
accounted for during this study.  Any additional/new infrastructure requirements will be 
placed beyond a 500m buffer zone of these wetlands (Figure 6.15).  The proposed 500m 
buffer is considered to be a precautionary approach.  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.  

• Any activities planned beyond the study site boundary have not been accounted for in the 
assessments, as such should mining activities/associated infrastructure be implemented 
beyond the study site boundary but within the 500m buffer of the wetlands, the 
assessments would have to be updated to account for these impacts.  However, activities 
within 500m of the artificial systems would not necessarily need to be assessed as these 
systems do not contribute towards the hectare equivalents calculations.  

  

                                                
18 Please note that the full data for the wetland ecological integrity assessment results can be made available if required 
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Figure 6.15 Overview of the wetlands assumed not to be affected by the proposed mining 

activities of Phase 1 and the associated 500m buffer zones 
 
All of the wetlands that were assessed have been classified as pans/depressions.  Even though 
the systems were categorised into nine (9) different groups, there are some characteristics that 
are the same and/or similar across all of the systems.  It should be noted that the assumption 
adopted during the assessment of the wetland systems is largely reflected in Section 6.1.2, which 
described the characteristics of the wetland systems within the study area. 
 
Other than Groups 6 and 9, 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 roads, overgrazed vegetation due to overstocking, and in instances 
where the dirt roads were in close proximity to the wetlands, additional sediment inputs into the 
systems.  Groups 6 and 9 are the only groups where there are mining activities within the wetlands 
catchments and thus the catchment impacts are considered to impact on the systems.   
 
In terms of in-system impacts, these were considered to be limited to the use of the wetlands by 
the wildlife as the greatest ongoing system modifier, i.e. natural system engineers (refer to 
Section 6.1.2).  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 wetland vegetation was seen within the 
systems.  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 
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by an extended drought period and as such, the recovery of the vegetation would be subject to 
implementation of appropriate interventions and extended rainfall.  
 
Figures 6.16 – 6.19 depict the identified wetlands within the study area and their respective PES 
categories for the current scenario. 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 ninety-three identified 
wetlands).   
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Figure 6.16 Overview of the identified wetlands within the Daarby 458LQ and Leeuwdrift 312LQ cadastral and their associated numbering and PES 

category 
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Figure 6.17 Overview of the identified wetlands within the Leeuwdrift 312LQ and Grootegeluk 459LQ cadastral and their associated numbering and 

PES category   
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Figure 6.18 Overview of the identified wetlands within the Grootegeluk 459LQ and Hieromtrent 360LQ cadastral and their associated numbering 

and PES category 
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Figure 6.19 Overview of the identified wetlands within the Hieromtrent 360LQ cadastral and their associated numbering and PES category 
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Group 1 

This group comprises of all the wetlands within the A41E quaternary catchment that are less than 
0.1ha in extent.  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 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, i.e. surface 
water19, for approximately three (3) weeks per annum20.  Table 6.12 provides a summary of the 
systems’ biophysical drivers for the current scenario.   
 
Table 6.12 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 0.9 0.4 2.0 2.4 

PES category A A C C 

Composite impact score 1.4 

Combined PES score (%) 86% 

Overall PES category B 

Hectares of wetland 0.72 

Hectare equivalents 0.65 

Operational-mining: loss 
of hectare equivalents  

0.65 

 
Group 2 

This group comprises of all the wetlands within the A41E quaternary catchment that are greater 
than 0.1ha but smaller than 0.5ha in extent.  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 others skirt the outskirts of the wetlands.  These impacts have been accounted for 
appropriately.   
 
Along with the Group 1 wetlands, these wetlands are considered to be temporary in nature and 
only retain water for short periods during the wet season.  The assumption was made that these 
systems retain water, i.e. surface water, for approximately five (5) weeks per annum15.  Table 
6.13 provides a summary of the systems’ biophysical drivers for the current scenario.   
 
  

                                                
19 It should be noted that this does not include the period during which the soil profile is inundated.  
20 It should be noted that this assumption can only be confirmed with long-term seasonal monitoring of the systems but is based on 
infield observations. 
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Table 6.13 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 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 1.52 

Hectare equivalents 1.27 

Operational-mining: loss 
of hectare equivalents  

1.27 

 

Group 3 

This group comprises of a wetland within the A41E quaternary catchment that is greater than 2ha 
in extent.  This individual system was identified as the largest system within the study area and 
covers an area of 2.4ha.  Generally, the catchment impacts are considered to be the similar to 
the previous group, including the in-system impacts that includes a road dissecting the wetland.  
Unlike the other larger wetlands within the study area, the major impact on this system is 
associated with the encroachment of bush into the wetland and thus there is limited wetland 
vegetation present within the system.  This is most likely due to the fact that this system is 
considered to be relatively shallow in comparison to the other systems, which may be more 
favourable for the encroachment of shrubs.   
 
Due to the system’s size, the system is considered to also have seasonal wetness characteristics 
and is assumed to retain water, i.e. surface water for longer periods of time, i.e. up to eight (8) 
weeks per annum15.  Table 6.14 provides a summary of the systems’ biophysical drivers for the 
current scenario.   
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Table 6.14 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 0.9 0.8 1.8 2.5 

PES category A A B C 

Composite impact score 1.4 

Combined PES score (%) 86% 

Overall PES category B 

Hectares of wetland 2.36 

Hectare equivalents 2.04 

Operational-mining: loss 
of hectare equivalents  

2.04 

 

Group 4 

This group comprises of all the wetlands within the A42J quaternary catchment that are less than 
0.1ha in extent.  Generally, the impacts within the catchment and within the systems are uniform, 
but include a number of exploration platforms within the immediate catchment of these systems, 
and as such the extent of the dirt roads/disturbed areas is considered to be greater than the other 
systems.   
 
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, i.e. surface 
water for approximately three (3) weeks per annum15.  Table 6.15 provides a summary of the 
systems’ biophysical drivers for the current scenario.   
 
Table 6.15 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 0.4 0.2 2.0 2.5 

PES category A A C C 

Composite impact score 1.2 

Combined PES score (%) 88% 

Overall PES category B 

Hectares of wetland 0.17 

Hectare equivalents 0.15 

Operational-mining: loss 
of hectare equivalents  

0.15 
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Group 5 

This group comprises of a wetland within the A42J quaternary catchment that is greater than 
0.1ha but smaller than 0.5ha in extent.  This individual system was considered to be one of the 
larger systems within the study area and covers an area of 0.34ha.  Generally, the catchment and 
in-system are considered to be the same as the previous group.  This system is considered to be 
a good representation of the reference conditions of the wetlands within the landscape in terms 
of vegetation cover, as at least 70% of the wetland was covered by wetland dependent vegetation.   
 
This system is larger than those wetlands included in Group 4, and as such the assumption was 
made that this system retains water, i.e. surface water, for approximately five (5) weeks per 
annum15.  Table 6.16 provides a summary of the systems’ biophysical drivers for the current 

scenario.   
 
Table 6.16 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 0.9 0.8 1.9 1.9 

PES category A A B B 

Composite impact score 1.3 

Combined PES score (%) 87% 

Overall PES category B 

Hectares of wetland 0.34 

Hectare equivalents 0.29 

Operational-mining: loss 
of hectare equivalents  

0.29 

 

Group 6 

This group comprises of one wetland within the A42J quaternary catchment that is greater than 
0.1ha but less than 0.5ha in extent.  However, the major difference between this system and the 
previously described system, is the fact that this system has mining activities within its catchment 
area.  This group is one of two groups that has mining activities within the catchment in the A42J 
quaternary catchment, however, the major difference between these two groups is the fact that 
this wetland falls within the LOM footprint whilst the other system will be retained within the 
landscape.  
 
Along with Group 5, this wetland is considered to be temporary in nature and only retain water 
for short periods during the wet season.  The assumption was made that these systems retain 
water, i.e. surface water, for approximately five (5) weeks per annum15.  Table 6.17 provides a 
summary of the systems’ biophysical drivers for the current scenario.   
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Table 6.17 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 5.8 3.6 3.8 2.8 

PES category D C C C 

Composite impact score 4.2 

Combined PES score (%) 58% 

Overall PES category D 

Hectares of wetland 0.47 

Hectare equivalents 0.28 

Operational-mining: loss 
of hectare equivalents  

0.28 

 

Group 7 

This group comprises of one wetland within the A42J quaternary catchment that is greater than 
0.5ha but less than 2ha in extent.  Generally, the impacts within the catchment and within the 
systems are uniform, with the largest impact on the system being the dirt roads in close proximity 
to the wetland and some bush encroachment into the edges of the wetland habitat.   
 
This system is considered to be the second largest wetland within the study area and as such is 
considered to retain water, i.e. surface water, for up to six (6) weeks per annum15.  Table 6.18 
provides a summary of the systems’ biophysical drivers for the current scenario.   
 
Table 6.18 Summary of the assessment of the ecological integrity for Group 7 for the current 
scenario and the loss of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.9 0.4 1.8 1.9 

PES category A A B B 

Composite impact score 1.2 

Combined PES score (%) 88% 

Overall PES category B 

Hectares of wetland 1.00 

Hectare equivalents 0.88 

Operational-mining: loss 
of hectare equivalents  

0.88 

 
Operational-mining landscape (Groups 1 to 7) 
All of the afore-mentioned wetlands fall within the LOM plan (Phase 1) and as such are anticipated 
to be lost in their entirety.  Groups 8 and 9 are the only two groups within the study area that will 
be retained within the operational-mining landscape (Phase 1) and as such have been described 
here separately.  It should be noted that these wetlands will however, be lost as part of Phase 2 
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of the proposed mining operations, i.e. as part of the 30-50 year mining plan.  This however, would 
be subject to the extension of the mining rights after 2041.  The loss associated with this phase 
has been reflected in the respective tables for information purposes only.  
 

Group 8 

This group comprises of all the wetlands within the A42J quaternary catchment that are less than 
0.1ha in extent.  Generally, the impacts within the catchment and within the systems are uniform, 
with many of the systems being impacted by roads in close proximity to these systems that have 
contributed to additional water inputs and sedimentation.   
 
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, i.e. surface 
water21, for approximately three (3) weeks per annum15.  Table 6.19 provides a summary of the 
systems’ biophysical drivers for the current scenario.   
 
Table 6.19 Summary of the assessment of the ecological integrity for Group 7 for the current 
scenario and the loss of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.9 1.0 2.0 2.5 

PES category A B C C 

Composite impact score 1.5 

Combined PES score (%) 85% 

Overall PES category B 

Hectares of wetland 0.48 

Hectare equivalents 0.43 

Operational-mining: loss 
of hectare equivalents  

0.00 

Phase 2: loss of hectare 
equivalents 

0.43 

 
Group 9 

This group comprises of one wetland within the A42J quaternary catchment that is less than 0.1ha 
in extent.  However, the major difference between this system and the previously described 
systems, is the fact that this system has mining activities within its catchments and will be retained 
within the operational-mining landscape.   
 
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, i.e. surface 
water22, for approximately three (3) weeks per annum15.  Table 6.20 provides a summary of the 
systems’ biophysical drivers for the current scenario.   
  

                                                
21 It should be noted that this does not include the period during which the soil profile is inundated.  
22 It should be noted that this does not include the period during which the soil profile is inundated.  
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Table 6.20 Summary of the assessment of the ecological integrity for Group 7 for the current 
scenario and the loss of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 7.2 3.6 4.0 2.8 

PES category E C C C 

Composite impact score 5.3 

Combined PES score (%) 47% 

Overall PES category D 

Hectares of wetland 0.08 

Hectare equivalents 0.004 

Operational-mining: loss 
of hectare equivalents  

0.00 

Phase 2: loss of hectare 
equivalents 

0.004 

 
6.2.4 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 7.14ha of natural wetland 
habitat is considered to be the equivalent to 5.99ha of intact wetland habitat (  
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Table 6.21).  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 84% (Figure 6.20).   
 
The operational-mining scenario assumes that the proposed mining activities will result in the loss 
of all of the wetlands within LOM footprint within the study area, i.e. 5.99ha of intact wetland 
habitat.  These impacts would have to be appropriately mitigated through offsetting of the impacts 
(refer to Section 6.3).  It should be noted that the loss of wetland habitat associated with the 
proposed Phase 2 mining activities have not been accounted for in Table 6.21, although it is 
anticipated that Phase 2 would result in a further loss of 0.43 hectare equivalents.     
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Table 6.21 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 0.65 0.0 -0.65 
Group 2 1.27 0.0 -1.27 
Group 3 2.04 0.0 -2.04 
Group 4 0.15 0.0 -0.15 
Group 5 0.29 0.0 -0.29 
Group 6 0.28 0.0 -0.28 
Group 7 0.88 0.0 -0.88 
Group 8 0.43 0.43 0.00 
Group 9 0.004 0.004 0.00 

Total -5.56* 
*this excludes the loss associated with the proposed Phase 2 mining activities, which would account for an additional 
loss of 0.43 hectare equivalents 
 

 
Figure 6.20 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 

 
6.2.5 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 will 
be limited to the LOM footprint.  The wetlands in Groups 1 –7 will be lost in their entirety due to 
the proposed expansion of the mining activities, whilst the wetlands within Groups 8 and 9 will be 
retained within the operational-mining landscape.  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 6.22, but rather the two operational-mining scenarios which includes 1) 
the pans associated with the Phase 1 LOM footprint area that will be lost in their entirety and, 2) 
the pans that will be retained within the remaining study area.  The wetlands that will be retained 
within the Phase 1 operational-mining scenario will be lost during the proposed Phase 2 mining 
activities, i.e. during the 30-50 year mining period.   
 
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 
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addressed to ensure that there is no contamination of the wetlands in close proximity to the LOM 
footprint.  Based on the underlying geology and soil types within the broader landscape, 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.  Furthermore, 
it is assumed that the current management of these systems will remain unchanged within the 
operational-mining landscape, i.e. the impacts on the systems will be limited to those associated 
with wildlife management and any impacts on the systems associated with current infrastructure 
such as road networks will remain unchanged.  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 
500m buffer zone of the remaining wetlands (precautionary approach).  Any impacts associated 
with the current infrastructure and/or pits within the 500m 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.  Based on these 
assumptions, the wetlands that will be retained within the operational-mining landscape are at a 
Low Risk of negative impacts on system functioning and integrity (Table 6.22).  This is related to 
the fact that the micro-catchments of these systems will not be affected by the mining activities 
and these systems are have limited interflow inputs (refer to Section 6.2.3 in terms of the 
assessment of these systems).  
 
The wetlands located within the study area associated with the LOM footprint will be permanently 
lost as a consequence of the expansion of the Phase 1 mining activities.  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 6.22).  It should be noted, that even though the 
wetlands that will be retained within the landscape as part of Phase 1 are currently considered to 
be at a Low Risk of negative impacts, this will change to a High Risk as soon as the proposed 
Phase 2 mining activities commence.   
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Table 6.22 Freshwater ecosystem risk assessment activities, impacts and risk ratings for the operational-mining scenario (Phase 1)23. 
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

pe
ra

tio
na

l-m
in

in
g 

Sc
en

ar
io

  
(R

et
ai

ne
d 

Pa
ns

) 
No activity - Pans located 
within the Manketti Game. 
 
Management of these 
systems will remain 
unchanged.  
 
(N.B. the impacts on the 
systems associated with 
Phase 2 have not been 
accounted for here) 

In-system habitat (if 
present) and associated 
catchment habitat 

The management of the 
remaining pans will remain 
unchanged.  Based on the 
location of the pans in 
relation to the LOM, it is 
anticipated that the 
catchment of these 
systems will be unaffected 
by the proposed mining 
activities.  

1 1 1 8 24 L 

90% 

Group 8 = B 
Category 
Group 9 = D 
category 

Groups 8-9 = 
Moderate 
rating 

Current management 
practices to be 
maintained for the 
next 30 years 

Low for the next 30 
years 

Flow regime 1 1 1 9 27 L 
Water contamination / 
pollution 1 1 1 9 27 L 

Siltation of wetland  1 1 1 8 24 L 
Biotic indicators 
(invertebrate) 1 1 1 9 27 L 

O
pe

ra
tio

na
l-m

in
in

g 
Sc

en
ar

io
  

(L
os

t P
an

s)
 

The expansion of the 
Grootegeluk mining 
activities into the LOM 
footprint area (Phase 1) 

In-system habitat (if 
present) and associated 
catchment habitat 

The expansion of the 
mining activities will result 
in the loss of all of the 
identified wetlands located 
within the portion of the 
LOM associated with the 
study area.   

5 2 5 20 240 H 

100% Group 1 – 7 = 
F Category 

Groups 1 -7 = 
None  

A detailed offset study 
to be undertaken to 
mitigate the impacts 
associated with the 
proposed Phase 1 
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 

 
 
 

                                                
23 Please note that Table 6.22 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 activities on all of the 
identified wetlands within the LOM footprint of the study area were unable to be mitigated through 
the rehabilitation of wetlands 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 due to the proposed Phase 1 operational-mining scenario 
activities, i.e. the pans that will be lost over the next 30 year period.    
 
The loss of 5.56 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 – 5.6 hectare equivalents; 
• Ecosystem conservation target – 1.2 hectare equivalents; and 
• Species of conservation concern target – not applicable as no species of special concern24 

were identified.   
 
6.3.1 Potential offset receiving area 

Based on the above-mentioned targets, suitable areas for offsetting have been considered.  
Based on preliminary discussions with Exxaro, the opportunity may exist to utilise identified 
wetland areas within the Thabametsi and Manketti areas.  The proposed pans/depressions within 
these areas were identified and assessed by Digby Wells Environmental (hereafter referred to as 
Digby Wells) in 2018 (DWE 2018).  Furthermore, Digby Wells (2018) assessed these identified 
areas in terms of their potential offset contributions25.  It should be noted, that even though the 
identified wetlands were highlighted by Digby Wells as suitable offset receiving areas, a portion 
of these systems have been considered to address the impacts associated with the Thabametsi 
mine expansion.  Only those systems that have not specifically been allocated to meet the 
Thabametsi targets (Digby Wells 2018) have been considered here. 
 
The proposed offset receiving areas will comprise of the remaining identified candidate offset 
wetlands within the Thabametsi portion, which amounts to approximately 3.93ha; and the 
candidate wetlands identified within the Manketti portion, which amounts to approximately 7.66ha.  
It should be noted that due uncertainty in terms of the remaining candidate systems within the 
Thabametsi portion, and the integrity of these systems, these have been excluded from the offset 
calculations and only the results from the Digby Wells (2018) study for the Manketti candidate 
wetlands has been presented.  For continuity purposes, the offset calculations are based on the 
Digby Wells (2018) approach and assumptions.  These targets are considered to be preliminary 

                                                
24 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. 
25 It should be noted that the Digby Wells (2018) is considered to be a high level study, and not a detailed wetland offset study in which 
offset gains are captured in detail e.g. rehabilitation of wetlands etc., and the detailed management of these areas is documented.   
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results and are subject to a detailed wetland offset study26 being undertaken for these areas, 
including the compilation of a wetland rehabilitation/creation plan, and a management and 
monitoring programme being compiled for these candidate wetlands.  Table 6.22 provides a 
summary of the wetland areas identified within Manketti for offsetting and the associated targets.    
 
Table 6.23 Summary of wetland gains associaqted with the identified candidate wetlands within 
Manketti  
(Digby Wells 2018, p. 34) 

 B Class Pans C Class Pans D Class Pans Total 
Wetland Offset Gain (actual ha) 6.42 0.87 0.38 7.66 
Wetland Functional Value 0.8 0.2 0.1 1.1 
Ecosystem Conservation Offset 
(assuming protection of 100m 
buffer)  

11.6 1.4 0.4 13.4 

 
Based on the figures presented in Table 6.22, the candidate wetlands within Manketti would 
contribute the following hectare equivalents for the set targets: 

• Wetland functionality target – 1.1 hectare equivalents; 
• Ecosystem conservation target – 13.4 hectare equivalents.  

 
Based on the contribution the candidate wetlands would make, it is evident that the candidate 
wetlands would not contribute significantly towards the functionality target due to the fact that the 
wetlands’ integrity is generally less than the wetlands that will be lost within the study area.  It is 
anticipated, that there would be limited rehabilitation opportunities available to improve the 
integrity of these systems, however, this would be subject to a site visit to appropriately assess 
whether there is an opportunity to improve the integrity of the candidate systems.   
 
However, the wetlands are able to contribute a minimum of 13.4 hectare equivalents to the 
ecosystem conservation target.  This target is just over eleven (11) times more than the required 
target.  Collectively the functionality and conservation targets amount to 6.8 hectare equivalents, 
which is less than the 13.4 hectare equivalents potentially contributed by the candidate wetlands.  
Whether the candidate wetlands could address the collective target of 6.8 hectare equivalents 
through the protection of the systems for the minimum level of security, (i.e. a conservation 
servitude) would be subject to the authorities’ discretion.   
 
6.4 Invertebrate sampling 

The following sections provide a summary of the results from invertebrate sampling during the 
dry and wet season site visits.  
 
6.4.1 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 6.21). The temperature profiles of the hatching experiments 

                                                
26 The Digby Wells (2018) report makes reference to the fact that the offset calculations were “undertaken at a high level (Digby Wells 
2018, pp. 33)”, and as such a more detailed study should be undertaken.   
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therefore closely matched that of ambient temperatures experienced in Lephalale during 
October/November27, providing optimal conditions for hatching/growth. 
 

 
Figure 6.21 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 eleven (11) 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 6.19 and Appendix 5).  Incubation experiments using sediments yielded 
eight orders representing ten different genera and, as of yet, an unconfirmed number of species 
(Table 6.24).     
 

                                                
27 Website - https://en.climate-data.org/location/26819/ 
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Table 6.24 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 

 
 
 
 
 
 
 
 

Taxa/Families 1 2 3 9 5 6 7 8 10 11 1 1 2 3 4 5 6 7 8 9 10 11

Anostraca no water no sample Anostraca

Conchostraca Conchostraca 

Notostraca Notostraca

Copepoda Copepoda

Cladocera Cladocera

Ostracoda Ostracoda

Platyhelminthes Platyhelminthes

Notonectidae Notonectidae

Corixidae Corixidae

Nepidae Nepidae 

Libellulidae Libellulidae

Lestidae Lestidae

Dytiscidae Larvae Dytiscidae Larvae

Helodidae/Scirtidae Helodidae/Scirtidae

Oligochaeta Oligochaeta 

Physidae Physidae

Culicidae Culicidae

Tabanidae Tabanidae 

Chironomidae Chironomidae

Baetidae Baetidae

WET SEASON SITES DRY SEASON SITES
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Large branchiopods (Anostraca, Conchostraca and Notostraca) were observed hatching from six 
(6) out of the eleven (11) dry season sediment samples Wet season sampling revealed the 
presence of large branchiopods in eight (8) of the eleven (11) sites, together with twelve (12) other 
families representing strong dispersers from the orders Hemiptera, Coleoptera, Diptera, Odonata 
and Ephemeroptera as well as the widespread Oligochaeta.  
 
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 6.22 while species lists are presented in Appendix 4.  
 

 
Figure 6.22 Number of families recorded hatching from incubation experiments (dry season) and 

in-situ field sampling (wet season) of temporary wetlands located at Grootegeluk 
 
6.4.2 Findings discussion 

All 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 (70% similarity between wet and dry communities – identical to results 
obtained in Day et al. 2010).  Large branchiopods, however, were observed hatching from six out 
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of the eleven dry season sediment samples, while wet season sampling revealed the presence 
of large branchiopods in eight of the eleven sites. 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 
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 Grootegeluk, 
given the underlying sediments are rich clay, will be longer than those in the Western Cape 
(underlain by fast draining sand). Though regrettably too little is known to be able to detail what 
is meant by long or short inundations or life cycles.  
 
Echoing the findings from Day et al 2010, turbidity and TDS (water clarity/dissolved solids) were 
found to be important variables affecting the time taken for eggs to hatch from sediments. 
Evidence of this was obtained from Sample 10 which had the highest TDS and EC at 450mg/l 
and 901us/cm respectively, of any sample but which also yielded the latest time taken to hatch 
for any invertebrate (twenty-two (22) days for the first hatchling to appear) compared to other 
samples where on average hatchlings appeared after just 2-3 days. 
 
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). 
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6.4.2.1 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 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. 
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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 6.23. 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). 

 

 
Figure 6.23 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 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 Grootegeluk 
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 
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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, however, likely 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.  
 
Interestingly Sample 10 (an artificial dam) revealed signs of very high turbidity and a surface 
sheen similar to that of water affected by metals and oils (Figure 6.24). A water sample was 
collected from Sample 10 on day 5 in the laboratory and was sent for chemical analysis 
(Appendix 5), the results of which indicated a markedly high metals content (linked possibly to 
increased coal dust fallout – as a result of limited surrounding vegetation and large surface area 
of the dam).  

 

 
Figure 6.24 Visible changes in water clarity and other physical characteristics in all of the samples 
used for incubation experiments at day 3 (A), day 17 (B) and day 37 (C). Poor clarity and a metals 
sheen is highlighted in sample 10.1 (artificial dam – indicated by arrows) at day 3 (D) compared to 

improved clarity and the growth of emergent wetland plants in the same sample at day 37 (E) 
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7. RECOMMENDATIONS/CONCLUSION 

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 0.004ha to 2.3ha.  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 sixty (60) 
identified wetlands are considered to be predominantly in good condition, i.e. ‘B’ category systems 
and cover an area of 7.14ha.  Based on the integrity assessment (Macfarlane et al 2018), the 
wetlands were considered to be equivalent to 5.99 hectares of functional wetland habitat.    
 
Of the sixty-three (63) systems it is anticipated that the proposed mining activities within the study 
area will result in the loss of forty-one (41) systems, which includes wetlands and two (2) of the 
artificial systems, over the next 30 years, i.e. as part of the proposed Phase 1 activities.  It is 
assumed that the remaining twenty (22) freshwater ecosystems will be retained within the 
landscape for the next 30 years.  Thereafter, these systems will be lost as a result of the proposed 
Phase 2 mining activities.  The offset requirements associated with the Phase 2 activities has 
however, not been accounted for as part of the offset calculations.  
 
The artificial systems located within the Phase 1 LOM footprint area, 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 5.6 hectare equivalents (Phase 1), 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 – 5.6 hectare equivalents; and 
• Ecosystem conservation target – 1.2 hectare equivalents. 

 
Based on discussions with Exxaro, the wetland habitat that was identified as part of the 
Thabametsi Offset study (DWE 2018), and was identified outside the Thabametsi Mining Right 
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area could potentially be utilised as candidate wetlands for offsetting activities.  Based on DWE 
(2018), the candidate wetlands within Manketti were considered to be ‘B’, ‘C’ and ‘D’ category 

systems, which in some instances is worse than those identified within the study area.  Based on 
this, the candidate wetlands are only able to contribute a portion to the functionality target (Digby 
Wells 2018) namely 1.1 hectare equivalents, however; by combining the targets, the target could 
be obtained through the conservation target.  Adopting this as a minimum would mean that 13.4 
hectare equivalents could be obtained.   
However, depending on the level of protection the candidate wetland would receive, it is our 
understanding that the requirements of the authorities may be variable with additional wetland 
areas needing to be protected to satisfy the authorities that the residual impacts have been 
addressed within the landscape.   
 
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 
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 within 
the afore-mentioned areas, this approach 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  
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9. APPENDICES 

Appendix 1:  
Sample plot descriptions and photographs collected during the field component of the study using 
a data collection sheet adapted from Job (2009). 
 
 
 
 
  



Exxaro Grootegeluk Coal Mine 
Wetland Delineation & Assessment 2018 

 

©  GroundTruth  Page 92 
 

Project/Site:  Grootegeluk Complex  
Sample Plot No.: 1 
Date: 6 March 2018 
Lat:  -23.646034 
Long:  27.504643 
 
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 
Bare soil N/A 80% 
Dichrostachys cinerea Terrestrial 20% 
Succulent groundcover  Terrestrial 5% 

 
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 - 30cm 7.5yr 4/6   
30 – 50cm 5yr 4/6   
50 – 60cm 7.5yr 5/6   
60cm Pebble layer, nodules, concreations 

 
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 

  
Sample 
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Project/Site:  Grootegeluk Complex  
Sample Plot No.: 2 
Date: 6 March 2018 
Lat:  -23.645972 
Long:  27.504557 
 
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 
Bare soil  100% 
Dichrostachys cinerea (canopies) Terrestrial  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 – 30cm 10yr 4/2   
30 – 60cm 10yr 4/2 10yr 4/1 Depletions 
  5yr 4/6 Depletions 
  10yr 5/6 Mottles  
60 – 70cm 10yr 4/1 10yr 4/1; 5yr 4/6; 10yr 5/6 

 
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 2m of the sample point 
 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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Project/Site: Grootegeluk Complex 
Sample Plot No.: 3 
Date:  6 March 2018 
Lat:  -23.653039 
Long:  27.477525 
 
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 
Bare soil  90% 
Acacia nigrescens (canopy) Terrestrial  80% 
Acacia nilotica (canopy) Terrestrial 30% 

 
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 – 5cm 10yr 4/1   
5 – 20cm 10yr 3/1 5yr 4/6  
20 – 30cm 10yr 4/2 5yr 4/6  
30 – 40cm 10yr 4/2 10yr 4/1 Depletions and mottles 
40 – 45cm Rock layer 

 
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 2m of the sample point 
 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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Project/Site: Grootegeluk Complex  
Sample Plot No.: 4 
Date: 6 March 2018 
Lat:  -23.653057 
Long:  27.477446 
 
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 
Bare soil N/A 95% 
Groundcover Terrestrial 5% 

 
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 – 30cm 10yr 5/4   
30 – 50cm 10yr 6/4   
50- 60cm 2.5y 7/4   

 
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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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 5  
Date: 6 March 2018 
Lat:  -23.674711 
Long:  27.476935 
 
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 
Acacia nigrescens (canopy) Terrestrial 90% 
Bare soil  100% 

 
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 – 5cm 10yr 3/1   
5 – 40cm 10yr 3/1 5yr 4/6 faint 
40 – 80cm 10yr 4/1 10yr 5/8 faint 

 
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 point 
 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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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 6 
Date:  6 March 2018 
Lat:  -23.674781 
Long:  27.477065 
 
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 
Acacia nigrescens (canopy) Terrestrial 20% 
Urochloa c.f. brachyura Terrestrial 20% 
Digitaria cf. velutina  Terrestrial  10% 
Aristida adscensionis Terrestrial 30% 

 
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 – 30cm 7.5yr 2.5/2   
30 – 70cm 7.5yr 4/6   

 
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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Project/Site:  Grootegeluk Complex  
Sample Plot No.: 7 
Date: 7 March 2018 
Lat:  -23.690135 
Long:  27.499226 
 
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 
Panicum pilgerianum Obligate  70% 
Panicum deustum Facultative positive 20% 
Water  40% 

 
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 – 5cm 10yr 4/1   
5 – 20cm 10yr 4/1 10yr 4/6  
20 – 40cm 10yr 5/1 10yr 5/6  

 
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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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 8 
Date: 7 March 2018 
Lat:  -23.690035 
Long:  27.499292 
 
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 
Bare soil  100% 

 
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 – 15cm 10yr 4/1 10yr 4/6  
15 – 40cm 10yr 4/1 10yr 5/8  
40 – 50cm 10yr 5/1 / 6/1 10yr 6/2 Manganese; nodules  
  7.5yr 5/8 
  10yr 6/8 
50cm - Soft plinthite   

 
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 2m 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?           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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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 9 
Date:  7 March 2018 
Lat:  -23.689947 
Long:  27.499416 
 
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 
Dichrostachys cinerea (canopies) Terrestrial  40% 
Bare soul  98% 

 
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 10yr 6/3  Organic matter 
20 – 45cm 10yr 5/8   
45cm -   10yr 6/6   

 
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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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 10 
Date: 7 March 2018 
Lat:  -23.695441 
Long:  27.500784 
 
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 
Bothriochloa radicans Terrestrial  30% 
Bare soil  80% 

 
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 – 15cm 5yr 5/8   
15 – 35cm 10yr 3./1   
35 – 50cm  10yr 5/6   

 
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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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 11 
Date: 7 March 2018 
Lat:  -23.705761 
Long:  27.509285 
 
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 
Bare soil  50% 
Water  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 – 10cm 10yr 3/1   
10 – 30cm 10yr 4/1 5yr 4/6  
30 – 50cm 10yr 5/1 7.5yr 4/6  

 
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?           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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Project/Site:  Grootegeluk Complex   
Sample Plot No.: 12 
Date: 7 March 2018 
Lat:  -23.70574 
Long:  -23.70574 
 
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 
Acacia nigrescens (canopy) Terrestrial 20% 
Dichrostachys cinerea (canopy) Terrestrial 20% 
Asparagus aethiopicus  Terrestrial 10% 
Hibiscus calyphyllus Terrestrial 10% 
Bare soil  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 – 20cm 5yr 4/6   
20 – 35cm  5yr 5/8   
35 – 60cm  7.5yr 5/6   

 
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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Appendix 2: Summary of all of the identified freshwater ecosystems within the study site, 
including their PES category, size, and quaternary catchment  
 

Wetland Label Wetland 
Group 

Quaternary 
Catchment 

Wetland Area 
(ha) PES Category Impact Type 

1 Group 5 A42J 0.4742 B Category Mining 
2 Group 6 A42J 1.0049 D Category Mining 
3 Group 1 A41E 0.0512 B Category Mining 
4 Group 2 A41E 0.1414 B Category Mining 
5 Group 2 A41E 0.4498 B Category Mining 
6 Artificial A42J 0.1385 Artificial Mining 
7 Group 2 A41E 0.257 B Category Mining 
8 Group 3 A41E 2.3596 B Category Mining 
9 Group 1 A41E 0.0138 B Category Mining 

10 Group 1 A41E 0.0854 B Category Mining 
11 Group 1 A41E 0.0078 B Category Mining 
12 Group 1 A41E 0.008 B Category Mining 
13 Group 2 A41E 0.2666 B Category Mining 
14 Group 1 A41E 0.0052 B Category Mining 
15 Group 2 A41E 0.1159 B Category Mining 
16 Group 1 A41E 0.0511 B Category Mining 
17 Group 1 A41E 0.0997 B Category Mining 
18 Group 2 A41E 0.2874 B Category Mining 
19 Group 1 A41E 0.0023 B Category Mining 
20 Group 1 A41E 0.0114 B Category Mining 
21 Group 1 A41E 0.0214 B Category Mining 
22 Group 1 A41E 0.0801 B Category Mining 
23 Group 1 A41E 0.0012 B Category Mining 
24 Group 1 A41E 0.0206 B Category Mining 
25 Group 1 A41E 0.0051 B Category Mining 
26 Group 1 A41E 0.0212 B Category Mining 
27 Group 1 A41E 0.0877 B Category Mining 
28 Group 1 A41E 0.0155 B Category Mining 
29 Group 1 A41E 0.0026 B Category Mining 
30 Group 1 A41E 0.0263 B Category Mining 
31 Group 1 A41E 0.0599 B Category Mining 
32 Group 1 A41E 0.0341 B Category Mining 
33 Artificial A42J 0.3493 Artificial Mining 
34 Group 4 A42J 0.0244 B Category Mining 
35 Group 4 A42J 0.0047 B Category Mining 
36 Group 4 A42J 0.0094 B Category Mining 
37 Group 4 A42J 0.0067 B Category Mining 
38 Group 4 A42J 0.0087 B Category Mining 
39 Group 4 A42J 0.0655 B Category Mining 
40 Group 4 A42J 0.0496 B Category Mining 
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Wetland Label Wetland 
Group 

Quaternary 
Catchment 

Wetland Area 
(ha) PES Category Impact Type 

41 Group 7 A42J 0.0678 B Category Remaining 
42 Group 7 A42J 0.0112 B Category Remaining 
43 Group 7 A42J 0.0019 B Category Remaining 
44 Group 5 A42J 0.335 B Category Mining 
45 Group 7 A42J 0.0126 B Category Remaining 
46 Group 7 A42J 0.0141 B Category Remaining 
47 Group 7 A42J 0.0651 B Category Remaining 
48 Group 7 A42J 0.0022 B Category Remaining 
49 Group 7 A42J 0.0873 B Category Remaining 
50 Group 7 A42J 0.0174 B Category Remaining 
51 Group 7 A42J 0.0132 B Category Remaining 
52 Group 7 A42J 0.0203 B Category Remaining 
53 Group 7 A42J 0.0485 B Category Remaining 
54 Group 7 A42J 0.0101 B Category Remaining 
55 Group 7 A42J 0.0145 B Category Remaining 
56 Group 7 A42J 0.0051 B Category Remaining 
57 Group 7 A42J 0.0219 B Category Remaining 
58 Group 7 A42J 0.0046 B Category Remaining 
59 Artificial A42J 0.1275 Artificial Remaining 
60 Group 7 A42J 0.0279 B Category Remaining 
61 Group 7 A42J 0.0363 B Category Remaining 
62 Group 7 A42J 0.0028 B Category Remaining 
63 Group 9 A42J 0.08 D Category Remaining 
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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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Appendix 5: Water quality results from lab analysis  
 
Dry season 

 
 
Wet season  

 

 
Sample ID 1355614 
  Sample Description GTW726 - 

WB4 
Method Number Determinand Units Results  
1 Alkalinity mg CaCO3/L 13.4 
16 Chlorine Free* mg Cl2/L 0.42 
153 Chemical Oxygen Demand* mg O2/L 22.0 
21 Conductivity @ 25°C mS/m 12.3 
121 E. coli MPN per 100mL 0 
157 Ammonia (soluble)* mg N/L 0.60 
5 Nitrite (soluble) mg N/L 0.44 
5 Nitrate (soluble) mg N/L 0.25 
46 pH pH units 6.11 
158 Soluble Reactive 

Phosphate* 
µg P/L 6.32 

    



Exxaro Grootegeluk Coal Mine 

Wetland Delineation & Assessment 2018 

 

©  GroundTruth Water, Wetlands and Environmental Engineering Page   i 

 

799

EXXARO GROOTEGELUK 

COMPLEX: 

Wetland Offset Study 

September 2022 

GroundTruth Reference: GTW1011/0209022/01 

Exxaro Reference: GG/G20/29/03/2017 

FINAL REPORT 



Exxaro Grootegeluk Coal Mine 

Wetland Offset Study 2022 

 

©  GroundTruth Water, Wetlands and Environmental Engineering Page   ii 

 

COMPILED BY: 

TITLE SIGNATURE DATE 

Steven Ellery  14/04/2020 

Fiona Eggers  14/04/2020 

 

ACCEPTED AND APPROVED BY: 

TITLE SIGNATURE DATE 

Craig Cowden  17/02/2020 

Trevor Pike  17/02/2020 

 

DOCUMENT APPROVALS 

ROLE NAME SIGNATURE DATE 

    

 

DISTRIBUTION LIST 

AGENCY, ORGANISATION OR PERSON NO. OF COPIES 

  

  

  

  

 

DOCUMENT CONTROL 

DOCUMENT INFORMATION 

INFORMATION 

Document Owner  

Publish Date [Publish Date] 

 

DOCUMENT HISTORY 

VERSION DATE CHANGES 

Version 1 31/05/19 First draft 

Version 2 12/07/19 
Removed Thabametsi rehabilitation sites from the formal 

rehabilitation plan and inserted into appendices. 

Version 3 17/02/20 

Revised all rehabilitation work proposed in 2019. Have excluded 

borrow pit rehabilitation until created wetland work has been 

completed. 

Version 4 14/04/20 

Revising nomenclature of sites, reviewing Thabametsi mining 

rights area systems in conjunction with the new Thabametsi 

project layout. 

Version 5 02/06/2022 
Updating the offset requirements based on the amendments to 

the Turfvlakte mining footprint (dated October 2021) 

Version 6 02/09/2022 Updating the report based on feedback received from Exxaro 



Exxaro Grootegeluk Coal Mine 

Wetland Offset Study 2022 

 

©  GroundTruth Water, Wetlands and Environmental Engineering Page   iii 

 

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 loss of wetland habitat associated with the expansion of Exxaro’s Grootegeluk mine, located 
approximately 20km to the west of the town of Lephalale within the Limpopo Province of South 
Africa, were unable to be mitigated onsite.  Therefore, suitable candidate sites had to be 
identified and assessed within portions of Exxaro’s landholdings that do not have any proposed 
opencast mining activities planned (Figure 1-1).  In accordance with best practice, the 
Department of Human Settlements, Water and Sanitation (DHSWS) require that the loss of 
wetland habitat should be offset utilising the SANBI Offset Guidelines (Macfarlane et al. 2014) as 
a means of ensuring that at a minimum there is ‘no-nett-loss’ of functional wetland habitat.   
 
Consequently, GroundTruth were appointed to undertake a wetland offset study and 
rehabilitation plan to mitigate the impacts associated with the proposed expansion of the 
Grootegeluk mining activities.  As part of the wetland offset study, candidate wetland 
systems/pans were assessed in terms of rehabilitation opportunities in order to address the 
offset targets.  According to the assessments undertaken by GroundTruth (GroundTruth 2018a; 
GroundTruth 2018b), the proposed expansion of the Grootegeluk mine will result in the loss of 
5.96hectare equivalents, with 5.56ha equivalents and 0.87ha equivalents being within the 
Grootegeluk and Turfvlakte areas, respectively.  In terms of the offset targets that would be 
applicable, the following would need to be considered to mitigate the impacts on the pan systems 
for the combined areas: 

• Wetland functionality target – 5.95hectare equivalents; 

• Ecosystem conservation target – 1.31hectare equivalents; and  

• Species of conservation concern target – not applicable as no species of concern2 
were identified. 

 
It should be noted that this report includes details from previous studies undertaken by 
GroundTruth in 2018, and the Digby Wells Environmental (hereafter referred to as Digby Wells 
or DWE) study in 2018 that focused on the assessment of wetlands associated with the proposed 
expansion of Exxaro’s Thabametsi Coal Mine and potential candidate offset wetlands (DWE 
2018).  In consultation with Exxaro, the following landholdings (hereafter referred to as the study 
area) were considered during the selection of suitable candidate wetlands for offsetting (Figure 
1-1): 

• Gelykebult 450R; 

• Gelykebult 455R;  

• Graaffwater 456 (1); 

• Graaffwater 456R;  

 
2 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 wetland study (GroundTruth 2018) 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. 

• Graaffwater 456 (2);  

• Mc Cabesley 311 

• Onbelyk 257R; 

• Van der Waltspan 310R; 
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• Vooruit 449R; • Zaagput 307R.  
 
Additionally, the rehabilitation planning undertaken for the identified candidate wetland 
systems3 is outlined in this report, and has been undertaken in accordance with the approach 
outlined in WET-RehabPlan (Kotze et al. 2009).   
 
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 associated with the expansion of the Grootegeluk mining activities 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.  A suite of potential risks and impacts on water 
resources are associated with these activities and includes 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 areas immediately to the north and the west of the current open-
cast mine will be mined – which will be rolled out over a thirty (30) year period (Figure 1-1).  In 
order to mitigate the impacts associated with these proposed mining activities, pans located to 
the north-east of the mine, located in the Manketti Game Reserve, were considered for offsetting 
purposes (Figure 1-2).  In addition, a number of wetland systems located in the Thabametsi 
mining rights area, previously specified for offsetting by Digby Wells (Digby Wells Environmental 
2018), were assessed for rehabilitation potential (as seen in Figure 1-2).  The search for additional 
offsetting areas in the Thabametsi mining rights area was necessary as many of the systems 
assessed in the northern section (above the D2001 provincial road) of the Manketti Game 
Reserve alone were not sufficiently degraded to warrant large-scale rehabilitation.  As such, the 
‘value’ of their offsetting potential would not have been sufficient to satisfy the offset 
requirements for the wetland loss associated with both the Grootegeluk and the Turfvlakte 
portions, and additional areas had to be considered.  It is GroundTruth’s understanding that the 
plans for the Thabametsi mining rights area have changed significantly since the Digby Wells 
assessment and as such, some of the systems within Thabametsi area can contribute to the 

 
3 It should be noted that the wetlands identified within the study area are considered to be non-perennial depression 

wetlands that only contain water during the rainy season and are commonly referred to as pans.  Furthermore, these 

systems are not sustained by subsurface water inputs and as such are considered to be ephemeral in nature, which 

is further exacerbated 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 layers.  These 

depressions in the landscape are often formed through a combination of animal wallowing and deflation through 

aeolian means.  The combination of these factors has resulted in the formation of these non-perennial pan systems 

within the landscape, which are considered to be the only wetlands identified within the study area. 
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Grootegeluk and Turfvlakte offset targets.  The Thabametsi systems have already been assigned 
for offsetting targets by Digby Wells to offset Exxaro’s impact in the Thabametsi mining rights 
area.  However, it is GroundTruth’s understanding that the impact to wetland systems in the 
Thabametsi mining rights area will no longer be as extensive and drastic as initially calculated by 
Digby Wells as the mining and infrastructural plans have changed subsequent to the submission 
of the Digby Wells report.  In addition, no formal detailed rehabilitation plan for the Thabametsi 
systems has ever been presented, hence they were visited during the site visit and were added 
to the detailed rehabilitation plan. 
 
1.2 Terms of reference 

The study area is located to the north of the Grootegeluk mine and falls under the management 
of the Manketti Game Reserve (which incorporates the Thabametsi mining rights area), which is 
an Exxaro-owned entity and operates under Ferroland.  Digby Wells undertook a brief review of 
the wetland systems within the study area, and identified a number of potential candidate pans 
for offsetting (DWE 2018).  Prior to undertaking any onsite pan rehabilitation planning, it is 
considered to be 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 ascertain whether opportunity exists within the landscape to mitigate the impacts 
associated with the proposed mining activities.  The terms of reference for this study included 
the following:  

• Review of all of the existing freshwater ecosystem studies that have been undertaken 
to date, which includes all digital data, and would comprise of the following tasks:  

o Desktop collation and review of potential candidate wetlands; 
o Desktop review of wetland impacts; and 
o Mapping of wetland areas at an appropriate scale; 

• Site visit/detailed rehabilitation planning; 

• Functional assessment of the wetland habitat within the study area for the current 
and post-rehabilitation scenarios; 

• Description of the current state/integrity of the wetland systems within the study 
area; 

• Assessment of the potential gains in hectare equivalents; 

• Calculations to determine whether the proposed rehabilitation activities will suitably 
improve the integrity of the systems, thereby achieving the offset targets; and 

• Estimation of costs associated with the agreed wetland rehabilitation activities.   
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Figure 1-1 Overview of the plan/study area within the specified cadastral boundaries in relation to the 30-year life of mine  
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Figure 1-2 Overview of the potential offset sites 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, 
environmental engineers, terrestrial ecologists, 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. 

• The analysis of the areas showed that the catchments yield minimal runoff into the 
depression areas unless there is a significant rain event.  

• For quantifying the brush-packing at the rehabilitation sites, it is assumed that the 
material is sourced from the clearing of the future mining areas; the haulage 
distances are calculated from the future LOM areas to each rehabilitation site. 

• It is assumed that a large portion of the rehabilitation work will be carried out and 
implemented by Ferroland – the Land Management Section of Exxaro.  Therefore, the 
majority of the plant hire requirements for the project will be borne by Exxaro.  In 
addition, it is assumed that the majority of the labour will be sourced locally and will 
already be in the employment of Ferroland or Exxaro. 

• A number of the positions and extents of the rehabilitation sites are based on the 
Digby Wells Environmental study (DWE 2018) and were used to inform the wetland 
offset calculations as well.  However, the DWE delineation and assessment report did 
not include all the systems present in the Manketti and Thabametsi sites and as such, 
a number of them were delineated by GroundTruth using a combination of aerial 
imagery (current and historic), an assessment of dendritic drainage line networks and 
infield verification. 

• The integrity and functional assessments conducted by DWE were acknowledged and 
used to inform the assessments conducted in this report, but it is assumed that the 
results presented in this study are the most up-to-date assessments of these systems. 

• While the majority of the wetland systems assessed in this study are deemed to be 
hydrologically isolated from one another (or only connected during very heavy 
rainfall events), a number of the smaller systems that fall closely together are thought 
to be hydrologically connected given an average year’s rainfall.  As such, these smaller 
systems were grouped together and delineated as a larger complex of wetlands or 
‘string-of-pearls’ configuration4.   

 
4 The string-of-pearls configuration is defined by a number of wetland systems that are located in close proximity to 

one another and become hydrologically linked during the wet season.  During the wet season, these systems become 

hydrologically linked and coalesce into large singular surficial features for a short period of time after rainfall.  As 
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• It assumed that the proposed rehabilitation sites 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 affected.  

 
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: 

• The vegetation species collected during the wet season site visit were unidentifiable 
in some instances due to being at the end of the flowering season.  

• 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.  

• 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 

 

these larger wetlands dry, the extent of each smaller system retreats into their more ‘permanent’ depressions which 

is where the typical wallow pit and clay substrates are located.  The connection of these systems during the wet 

season cannot be ignored and disturbances in the space between the wallow pits may affect the structure and 

functioning of the more permanent wetland areas.  Therefore, these smaller permanent wetlands have been 

grouped and delineated to include the areas that become temporarily inundated during the wet season. 
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would need to be amended to account for the mitigation of impacts on the identified 
species. 

• Due to the gentle terrain, surrounding free-draining soils, and high evaporation to 
precipitation ratio, it was difficult to identify what area of the catchment impacts the 
wetland functioning and water inflows in wetland systems. 

• The LiDAR data provided was not fine enough to calculate the gradients surrounding 
the offset sites.  Therefore, some assumptions were made during this study. Any 
discrepancies that may arise in these areas can be rectified with a tachometry 
surveying or additional LiDAR data, as a result flows could not be accurately 
quantified or traced with missing data. 

• In addition to the sparse LiDAR data, there were areas with missing data within the 
boundaries of Graafwater and Van Der Waltspan farms.  In addition, the LiDAR data 
was clipped to the extent of the study area.  Therefore, the mapping of catchments 
that extend beyond the study area boundary was done based on 5m contour data.   

• As the integrity and functionality of the identified candidate wetlands in the Manketti 
Game Reserve and the Thabametsi mining rights area is considered to be generally 
less than the wetlands that will be lost within the study area, the candidate wetlands 
are unable to contribute fully towards the functionality offset target.  It should be 
noted, that the integrity of the offset receiving systems was generally considered to 
be ‘near natural’ to ‘minimally modified’ (scores ranging between health classes A 
and C) and as such, rehabilitation options were limited.  As such the overall 
improvement of systems’ integrity will not be drastic as the majority of systems have 
been managed and maintained in a healthy state.  In addition, should a security of 
tenure of between thirty (30) and sixty (60) years be adopted on Exxaro owned land, 
in conjunction with the created wetland habitat trial within the greater study area; it 
is anticipated that the authorities may consider the proposed mitigation measures 
appropriate. 

• It should be noted that this report only includes the offset targets required to offset 
the wetland losses associated with Grootegeluk and Turfvlakte.  The offset 
requirements for the Thabametsi mining rights area were calculated by DWE (2018) 
using a different method to those that were employed in GroundTruth (2018a & 
2018b) and are therefore not comparable. 

 
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 wet 
season sampling; and 

• Review of the project 
report. 

20 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 wet 
season site visit; and 

• Review of project report. 

10 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 

Gary De 
Winnaar 

• Conducting wet season 
sampling; 

• Invertebrate results 
analysis; and 

• Conducting biodiversity 
surveys. 

10 years’ experience, with input 
into biodiversity studies and 
assessments of aquatic and 
terrestrial ecosystems, including: 

• Aquatic 
biomonitoring and 
assessments; 

• Desktop 
assessments and 
GIS mapping; and  

Impact assessments, 
rehabilitation planning and 
mitigation measures. 

M.Sc. (Hydrology) 
Pr.Sci.Nat. 
(Ecology) 
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Dr Vere Ross-
Gillespie 

• Conducting the dry and 
wet season sampling; 

• Invertebrate results 
analysis; and 

• Conducting biodiversity 
surveys. 

5 years’ 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 

Trevor Pike • Conducting the infield 
rehabilitation and 
enhancement planning 
(Engineering); 

• Material analysis; and 

• Review of the project 
report. 

20 years’ experience, with input 
into various environmental 
engineering studies, focussing 
on: 

• Wetland rehabilitation 
planning;  

• Wetland rehabilitation 
implementation 
support; and  

• Stormwater 
management. 

BSc (Civil 
Engineering) 
Pr.Eng 

Keaton Parker • Conducting the infield 
rehabilitation and 
enhancement planning 
(Engineering); and 

• Material analysis 

3 years’ experience, with input 
into various geotechnical, 
structural and environmental 
studies, including: 

• Construction 
Management 

• Engineering design 

• Assessments; and 

• Material analysis 
and reporting 

BSc.Eng (Civil 
Engineering) 

Steven Ellery • Conducting wet season 
sampling; 

• Assisting with biodiversity 
surveys; 

• Wetland delineation and 
assessments; 

• Wetland rehabilitation 
plan; and 

• Compilation of project 
report 

1 years’ experience, with input 
into various freshwater 
ecosystem studies, including: 

• Infield research 
studies; 

• Rehabilitation 
planning; 

• Delineation; and 

• Assessments 

MSc 
(Geomorphology) 
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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).   
 
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 across the A41E and A42J quaternary catchments, as defined by Midgley et al. 
(1994).  These quaternary catchments form part of the Matlabas/Mokolo River catchment.  The 
Mean Annual Precipitation (MAP) for A41E is 439.4mm and Potential Evapotranspiration (PET) is 
2’407mm (Schulze 2007). The MAP for A42J is 428.6mm and PET is 2’444mm (Schulze 2007).   This 
suggests that the wetlands/non-perennial 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 
vegetation units and their relationships are described in more detail in the report compiled by 
Natural Scientific Services in 2011.  
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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 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 the dry season 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 
the dry season, highly variable hydrological and thermal regimes) when compared to 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), 
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 
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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 draft resource quality objectives report (Government Gazette No. 41310) has been compiled 
by DHSWS (2017) 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 (DHSWS 2017).  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 rehabilitation and enhancement 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 and south east of the study area, is considered to be a FEPA system.  The 
Sandloop River is not hydrologically connected to any of the wetland systems within the study 
area, but there is a shallow and flat valley bottom feature that runs from the study site in an 
easterly direction and eventually flows into the Sandloop River.  While the Sandloop River may 
not derive any surface flows that originate from the Manketti site, this may be deemed as an 
important landscape connection as there may be important genetic flows that occur between 
the two sites.  In addition, there are a number of low priority NFEPA wetlands within the study 
area that have possibly been prioritised for their rarity and unique origin.   
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Figure 4-1 Overview of NFEPA systems (Nel et al. 2011) within the greater study area 
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55..  MMEETTHHOODDSS  

This section of the report provides an overview of the methods adopted to for the 
determination of losses associated with the expansion of the proposed Grootegeluk mining 
activities, the targets to be achieved through an offset approach and the contribution of the 
identified candidate systems towards offset targets, which includes the proposed 
rehabilitation activities.    
 
5.1 Desktop analysis 

At the outset, a desktop analysis of the study area was undertaken (refer to Figure 1-1 and 
Figure 1-2) to identify potential candidate pans for rehabilitation, in order to address the 
SANBI offset targets.  It should be noted that the desktop review of the candidate systems 
was informed by the Digby Wells (DWE 2018) study however, this study was considered to be 
a high-level study.  The desktop analysis further served to inform the overall wetland 
rehabilitation planning process with the objectives to: 

• Review existing data supplied by Exxaro; 

• Identify potential candidate pans and/or borrow pits for rehabilitation/creation 
and protection; 

• Preliminarily evaluate the pans based on: 
o Area; 
o Level of transformation;  
o Visible problem areas; 
o Catchment land use activities; 
o Location; 
o Future land use activities6;  

• Prioritise those pans that may warrant rehabilitation;  

• Establish the nature of problem within the pans that may require rehabilitation;  

• Determine the possible level of rehabilitation required; and 

• Determine whether the creation of wetland habitat within the disused borrow 
pits would be a feasible option to contribute towards the offset targets.  

 

5.1.1  Identification of candidate pans 

The identification of suitable pans for rehabilitation purposes was undertaken at a desktop 
level utilising available satellite and aerial imagery, the Digby Wells (DWE 2018) proposed 
candidate wetlands spatial coverage, and contour data.  It should be noted that additional 
pans, beyond the Digby Wells candidate pans were identified following a detailed review of 
the aerial imagery and were mapped at a desktop level, with limited infield verification.  The 
desktop mapping relied largely on changes in vegetation cover and colouration of the soils 

 
6 Currently the landholdings/study area is owned by Exxaro and any pans identified for rehabilitation/protection 

will be maintained and protected to ensure that the offset targets are achieved and maintained.  Should the 

ownership of the landholdings change, it is anticipated that the new landowners would be responsible for the 

management and maintenance of these systems.   
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and dense radial animal tracks.  The desktop level mapping/analysis was performed in 
Quantum GIS at a scale of 1:5’000 to create a Geographical Information System (GIS) spatial 
coverage of the wetland ecosystems within the study area.   
 

5.1.2 Assessment of catchment impacts 

The catchment and sub-catchments areas of the identified pans were interrogated using 
available satellite and aerial imagery in order to determine the various land use practices 
and/or impacts within the catchments.  The extent and possible intensity of the activities were 
broadly assessed, provisionally highlighting the extent of the impacts on the pans.  The 
greater the transformations within the landscape and/or the proximity of the impacts to the 
pans, the more likely the pan will be substantially altered and therefore, require 
rehabilitation.  In the majority of the instances the sub-catchments are characterised by land 
use practices associated with the Manketti Game Reserve, and as such the impacts are limited 
to historical land use practices, e.g. overgrazing by livestock, road networks, and/or 
overutilization of an area due to a pan being a permanent artificial source of water.  As such, 
in some instances there are limited in-system impacts but rather catchment related impacts, 
which can be attributed to and should be rectified by the management of the veld in an 
appropriate manner.   
 

5.1.3 Assessment of the pans 

Following the assessment of the catchment impacts, the pans were reviewed for 
rehabilitation opportunities.  The aerial imagery was interrogated for erosion associated with 
animal paths, sedimentation and/or encroachment of invasive vegetation surrounding the 
pans and/or within the temporary zone of the pans.  The extents of the impacts were 
considered in comparison to the size of the pan in question, to determine the potential costs 
of rehabilitating the system to eliminate “lost causes”.   
 
A spatial coverage of the pans in the study area was created, indicating the identified problem 
areas, and rating the systems according to rehabilitation potential.  These ratings were based 
on the rehabilitation objectives, catchment impacts, the pan extent, and potential problems 
to be addressed by rehabilitation efforts (Table 5-1). 
 
Table 5-1 Class ratings of the wetlands depending on the potential for rehabilitation  

(Cowden and Kotze 2009) 

Rank Description of the class based on the score rating 

0 Very low rehabilitation potential – very low returns or rehabilitation costs are considered to 

be too high. 

1 Low rehabilitation potential – identified threats within the system however; return on 

rehabilitation investment potentially low or uncertain.  

2 Moderate rehabilitation potential – identified threats within the system with the return on 

rehabilitation investment moderate. 

3 High rehabilitation potential – identified threats within the system with the return on 

rehabilitation investment being high.  
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5.1.4 Prioritising additional rehabilitation areas 

Following the desktop assessment of the offset sites, it was uncertain as to whether there 
were a sufficient number of rehabilitation-worthy7 wetland areas within the Greater Manketti 
study site to meet the wetland functionality target of 5.85hectare equivalents.  Therefore, 
additional wetlands within the Thabametsi mining rights area were also assessed for 
rehabilitation purposes.  In addition to the Thabametsi sites, it may be necessary for Exxaro 
to consider purchasing areas and/or establishing agreements with the landowners adjacent 
to the current Manketti propriety areas, where similar systems connect to the Sandloop River 
and assist in improving the identified systems.   
 

5.2 Rehabilitation work 

Of the eleven (11) offset rehabilitation sites, totalling an area of 47.19ha, seven (7) are 
depression wetlands across the Thabametsi mining rights area, and four (4) more depression 
wetlands within the Manketti Game Reserve Area.  The following rehabilitation work will be 
undertaken. 
 

 Brush-packing 

Packing brush on bare patches of earth has been known to increase water infiltration, reduces 
the temperature of the soil surface, allows a seed bank to build up and adds organic material 
to the soil.  This method is both low-cost and effective at trapping aeolian and alluvial deposits 
of seed and sediment, as well as shading and preventing any animals from grazing the area 
(Figure 5-1). 
 
The quantifying of brush-packs has been included in Appendix 1, however the costing for this 
is dependent on Exxaro’s labour force, haulage lengths and availability of materials. This will 
need to be reviewed and recalculated closer to implementation. 
 

 
7 Rehabilitation-worthiness was assessed based on a number of landscape and wetland characteristics which 

included; the extent of direct disturbance by man (roads, dam walls, infilling, excavation etc.), the nature of the 

water source (natural/artificial) and the extent of catchment derived impacts associated with poor veld 

condition. 
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Figure 5-1 Chart of useful protective measures for erosion and stabilising of slopes (Sheng, 1990) 

 

5.2.2 Road removal and rehabilitation 

Various roads have been identified as passing through wetlands or running adjacent to the 
rehabilitation areas.  Where drainage has not been controlled across roads, there is gully 
erosion which will need to be repaired, as well as structures to control water flow in these 
areas.  The roads that will need to be removed will need to be appropriately levelled and 
revegetated, if the road needs to pass through the area it can be rerouted around the wetland 
and brush-packs to be installed next to the roads to prevent any erosion.  When shaping the 
roads, it is imperative that the material is bladed to the middle of the road and not to the 
sides, as observed during the site visits.  If material is bladed to the edges of the road during 
road levelling it forms windrows, which stops any water from flowing and creates a loose soil 
that is prone to silting up the rehabilitation sites. 
 

5.2.3 Reshaping and earthworks  

Areas around the rehabilitation sites will be reshaped to shallower slopes, and compacted to 
reduce the likelihood of any loose soil silting up the bottom of the depressions.  Brush-packing 
around the sites will be accompanied with ponding areas to further reduce any sediment from 
mobilising into the rehabilitated areas.  A few earthen berms are to be removed to allow 
water to flow freely, whereas other places berms are to be constructed to divert water flow 
or to stop vehicles from travelling on roads. The material created from the removal of berms 
must be taken offsite so that the sediment does not affect any surrounding areas; this will be 
accounted for as a haulage item in the costing.  
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5.2.4 Alien/invasive plant control 

Dense stands of woody invasive species were identified in the sub-catchment and within two 
(2) of the rehabilitation sites.  The removal of these species would improve both the 
hydrological and vegetative integrity of these wetland areas.  The invasive vegetation removal 
should be done by a hand team and five (5) follow up treatments have been specified to 
eradicate any regrowth that is likely to occur. 
 

5.2.5 Revegetation 

Any damaged or reshaped areas will require revegetation, along with brush-packs to allow 
the vegetation to germinate.  Prior to revegetation, there should be a suitable top soil, of 
which should be scarified and then seeded during the wet season. 
 
5.3 Infield assessment 

A site visit was conducted from the 25th of February till the 1st of March 2019, to identify 
suitable wetlands for rehabilitation, and assess the current level of ecological integrity, and 
ecosystem services provided by the wetlands.  An additional field visit was conducted 
between the 4th and the 6th of December 2019 for additional rehabilitation planning. 
 
5.4 Assessment of wetland functioning and condition  

The expansion of the proposed Grootegeluk mining activities will result in the loss of wetland 
habitat and therefore, a residual impact (refer to Section 1).  To be able to proceed with the 
expansion of the mining activities, Exxaro needs to ensure that the impacts of the proposed 
activities are mitigated through the rehabilitation of candidate pans and/or creation of 
wetland habitat within borrow pits, to meet offset targets.  The assessment of the candidate 
systems was undertaken for both the current and post-rehabilitation scenarios, to ascertain 
whether the proposed activities will assist in attaining the offset targets (refer to Section 1).  
The approach undertaken is outlined in the following sections.   
 

5.4.1 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 post-
rehabilitation 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); 
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• Moderately Low (1); 

• Intermediate (2); 

• Moderately High (3); and  

• 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 5-2). 
 

Table 5-2 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. 

P
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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. 

C
u
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u
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l b

e
n

e
fi

ts
 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 



Exxaro Grootegeluk Coal Mine 

Wetland Offset Study 2022 

 

©  GroundTruth Water, Wetlands and Environmental Engineering  Page 35 

 

• 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 post-rehabilitation 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 5-3 provides an overview of the ratings used to 
record EIS scores.  
 

Table 5-3 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 

 

5.4.2 Assessment of wetland condition/integrity 

For the purpose of the rehabilitation planning, and determining the potential gain in hectare 
equivalents, the systems identified for rehabilitation were assessed using the WET-Health 
(beta version of Macfarlane et al. 2007, namely Macfarlane et al. 2018) assessment technique 
for the current and post-rehabilitation scenarios.  To determine the level of ecological 
integrity, a Level 2 WET-Health (Macfarlane et al. 2018) assessment was performed for 
various pans 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 5-4).  The identified systems were assessed for the current 
scenario and post-rehabilitation 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 
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• Post-rehabilitation/enhancement scenario: the projected state of the system 
after rehabilitation work has been conducted within the system and its 
catchment. 

 
Table 5-4 Impact scores and present ecological state categories for describing the integrity of wetlands8 

(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 3:2:2:29 (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. 
  

 
8 It is assumed that there is no change in classes between the 2007 and 2018 integrity assessment technique.  
9 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 

 
5.5 Freshwater ecosystem risk assessment 

The risk assessment matrix (DHSWS 2015) assesses the likely impact the proposed 
rehabilitation activities may have on the pans that have been identified as candidate offset 
systems.  A broad outline of the criteria considered are as follows: 

• Nature of the impact; 

• Scale/extent of the impact; 

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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• Duration of the impact; 

• Intensity/severity of the impact; and 

• Probability/likelihood of the impact occurring.  
 
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 
points, which are described in Table 5-5. 
 

Table 5-5 List of descriptors for the significance score of an impact. 

(DHSWS 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 

 
In order to reduce the significance of negative impacts and/or increase the significance of 
positive impacts, recommendations have been provided in Section 7.   
 
5.6 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 5-2). 
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Figure 5-2 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) 

 

5.7 Rehabilitation planning  

The rehabilitation of freshwater ecosystems is considered to be a complex undertaking and 
the planning process involves multiple disciplines.  The initial steps of the following 
methodology were adopted for the project and comprised multiple steps (Figure 5-3), using 
existing information from previous studies and infield observations.  A rehabilitation plan was 
compiled to achieve desired levels of functioning and integrity in the identified candidate 
systems within the study area.  The compilation of the rehabilitation plan was based on two 
site visits, one undertaken between the 25th of February and the 1st of March 2019, and the 
other undertaken between the 4th and 6th of December 2019 by the relevant specialists, 
including: 

• Wetland specialists responsible for highlighting those problems identified as 
undermining the hydrological, geomorphic and vegetation integrity of the pans 
within the site and providing a rehabilitation strategy and objectives to achieve 
improvements in system functioning and integrity in order to achieve the offset 
targets;  

• Environmental/soil conservation engineers responsible for identifying 
appropriate earthen, gabion and/or concrete interventions to achieve the 
rehabilitation objectives outlined by the ecologist; and 

• Biodiversity specialists responsible for identifying any rare or endangered faunal 
or floral species in close proximity to the wetlands that may be detrimentally 
affected by the rehabilitation of the wetland systems, and suggesting ways in 
which these impacts could be mitigated. 
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Figure 5-3 Overview of the wetland rehabilitation process 
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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 improvements associated with the proposed wetland 
rehabilitation activities, are outlined in the following sections.  
 

6.1 Characteristics of the freshwater ecosystems 

GroundTruth (2018) undertook a literature review on the formation and functioning of 
wetlands within semi-arid climates (refer to GroundTruth 2018 and 2020 for a detailed 
description of the formation and functioning of these systems).  However, with repeated site 
visits and new data available, a brief description of the updated understanding of the 
structure and functioning of these depression wetlands is provided below. 
 

 Depression wetland functioning 

The majority of the wetland systems specified for rehabilitation are considered to be non-
perennial depression wetlands that only contain water during the rainy season and are 
commonly referred to as pans.  The formation of these systems coincides with depressions in 
the landscape that are underlain by suitable substrate, e.g. clay layers.  These depressions in 
the landscape are often formed and expanded as a result of sediment export through a 
combination of animal wallowing and deflation through aeolian means.  The combination of 
these factors has resulted in the formation of these non-perennial pan systems within the 
landscape, which are considered to be the only wetlands identified within the study area.   
 
Furthermore, these systems are not sustained by subsurface water inputs and as such are 
considered to be ephemeral in nature, which is further exacerbated by the low rainfall and 
high evaporative rates for this area.  It is evident from the review of available soil information 
of the surrounding areas, that the broader landscape lacks soils characterised by lateral 
movement of water which suggests the accumulation and retention of water in these 
depression wetlands is strongly linked to surface runoff and the presence of an impermeable 
layer of clay or bedrock within these depressions (GroundTruth 2018).  A detailed review of 
the topography in the broader landscape revealed a series of dendritic drainage networks 
that connect many of the wetlands via surface flow in the wet season and are thought to be 
responsible for conveying large proportions of the annual precipitation into these 
depressional areas.  These dendritic drainage features are considered to be of vital 
importance to the sustenance of many of these systems in the landscape and have been 
included within the rehabilitation plans as catchment related rehabilitation work.  A number 
of the depression wetlands fall into what has been termed a ‘string-of-pearls configuration’10, 

 
10 The extent of these systems were mapped at a desktop level using a combination of topographic data, 

vegetation signatures, soil signatures and understanding gained from infield observations.  It should be noted 

that therefore, the rehabilitation strategy for a single string-of-pearls configuration or for a series of depression 

wetlands linked by a smaller drainage network will contain several wetland systems within the larger 
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whereby there are a series of depression wetlands that are interconnected by a series of 
dendritic drainage networks.  The string-of-pearls configuration can be defined by a number 
of wetland systems that are located in relatively close proximity to one another and become 
hydrologically linked during the wet season.  During the wet season, these systems can often 
coalesce into large singular surficial features for a short period of time after rainfall.  As these 
larger bodies of water desiccate, the extent of each system retreats into the smaller, more 
‘permanent’ depressions which is where the typical wetland and clay substrates are located.  
The connection of these systems during the wet season cannot be ignored and disturbances 
in the space between the seasonal wetland areas may affect the structure and functioning of 
the systems.  Therefore, these smaller permanent wetlands have been grouped and 
delineated to include the areas that become temporarily wet during the wet season.  Whilst 
portions of the area included within the mapping of these string-of-pearls configurations 
cannot be defined as true wetland areas as per the DHSWS (2005) wetland delineation 
guideline document, these in-between areas are considered to be vital to the functioning of 
the true wetland areas which are located sporadically within the larger string-of-pearls 
configurations.  These areas that lie in-between the delineated wetland areas will be 
delineated and categorised according to specific characteristics.  See Section 6.1.2 for a 
detailed description of the different designations of the catchment areas.   
 
With the PET being so high in the area, these systems are ephemeral in nature and generally 
hold water for no longer than six (6) months at a time.  However, natural variation in the 
water retention capacity of the systems was observed during the site visit.  This variability can 
be attributed to a number of different factors such as size, rainfall variability, substrate type, 
human related impacts and connection to a wider dendritic drainage network.  An 
observation was made that the wetlands with good grass cover in the central wallow section 
of the depression desiccated at a much faster rate than those without grass cover.  Upon 
closer inspection, it appeared that the grassed wetlands contained significantly loamier and 
silty soils, which are much more permeable than the heavily clayed unvegetated systems.  As 
such, it is thought that these grassed systems are more susceptible to subsurface water loss 
than the un-grassed systems.  Natural rainfall variability within the area is another factor that 
may affect the length of time over which a wetland would retain water as some systems may 
receive more rain in a given year than others.  A number of wetland systems displayed very 
temporary signs of wetness which indicated that some areas in larger wetland areas only 
receive and retain water in years with very high rainfall as the majority of the water will drain 
from the temporary zones into the more seasonal wetland areas in lower rainfall years.  In 
these more temporary systems, the layer of characteristically heavy clays was much thinner 
and less well developed which indicates less frequent inundation.  Connection to a wider 
dendritic drainage network is another factor that influences the ability of a wetland system 
to retain water into the drier months of the year.  Catchment and in-system impacts related 
to human activity (current and historical) in the landscape is a major driver in the variability 
observed in the water retention ability of depression wetlands.   
  

 

configuration despite the possibility that not all wetland areas within the wider drainage area will receive 

rehabilitation interventions. 
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 Delineation of areas of influence on wetland integrity and functioning 

In a landscape with high levels of connectivity, it would be short-sighted to ignore the 
influence of the broader landscape on the functioning and integrity of the identified wetland 
systems.  As such, these additional areas will be included in the offset requirements to 
different degrees.  The adopted definitions for these separate areas are outlined below. 
 
Seasonal wetland area 
This is a seasonal wetland zone that is defined primarily using soil indicators and 
characteristics in accordance with the DHSWS guidelines for wetland delineation.  These areas 
generally coincide with the lowest points in the landscape and will therefore naturally 
accumulate water from surrounding areas. 
 
Temporary wetland area 
The temporary wetland zones are also defined primarily using soil indicators and 
characteristics in accordance with the DHSWS guidelines for wetland delineation.  Generally, 
temporary wetland areas are defined by redoximorphic soil characteristics at a depth of 50cm 
below ground level.  However, in the wetland delineation carried out by DWE (2017) the 
temporary zone of the wetland areas in this landscape were defined by redoximorphic soil 
characteristics to a depth of 70cm.  During the wet season, these temporary wetland areas 
are temporarily flooded and are hydrologically linked to the seasonal wetland areas.  As the 
water evaporates from these wetland areas, the temporary wetland areas are the first to 
desiccate as the water line retreats into the more seasonal wetland areas. 
 
Sub-catchment area 
The sub-catchment area refers to the area immediately surrounding the wetland that has a 
distinctive impact on the hydrology of the wetland – even during small rainfall events.  The 
catchments of these systems are so large that it is necessary to be able to distinguish between 
the parts of the catchment that have a distinct effect on wetlands and the parts of the 
catchment that have negligible impacts on the wetland.  It is assumed that the sub-catchment 
does not extend more than 50m beyond the wetland boundary. 
 
Wider area of hydrological influence 
This area is defined primarily by topography and resembles a shallow valley line.  During large 
rain events, water is mobilised into these areas and flows down these features in an event 
that resembles a flood.  The string-of-pearls configurations are often located within these 
features, and such as these and their presence in the landscape is important to the 
functioning of many of the smaller temporary and seasonal wetlands.  With the increased 
presence of water in these particular areas, these wider areas of hydrological influence 
display a biotic response as well – similar to that of riparian areas as defined by the DHSWS 
guidelines for riparian delineation.  The presence of the wetlands within the landscape elicits 
a strong biotic response in the areas surrounding the wetland areas as a result of water 
availability in an otherwise dry landscape.  As such, shifts in vegetation composition and 
structure can be observed along with shifts in soil texture, colour and composition.  These 
areas of biotic influence fall within the catchments of wetland areas and can have a biotic 
impact on the functioning of these wetland areas as well.  Therefore, these wider areas of 
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hydrological influence can also be defined by vegetative and soil signatures in the absence of 
topographical data. 
 

 Factors influencing the degradation of depression wetlands 

The degradation of these depression wetland systems is predominantly related to historical 
land use practices and the extensive presence of dirt tracks and roads within the broader 
landscape.  The wider landscape was historically utilised for cattle grazing and small-scale crop 
farming before it was purchased by Exxaro Coal Pty (Ltd) and managed by Ferroland.  Many 
portions of these landholdings were severely overgrazed for many years, which resulted in a 
shift in vegetative species composition as cattle preferentially graze on specific grass species.  
Large tracts of land were also cleared by these farmers either to plant more appropriate grass 
species for their cattle to graze or to grow agricultural crops.  These cleared portions of land 
have never fully recovered to their natural climax vegetation and are often characterised by 
dense stands of invasive vegetation such as Senegalia mellifera, which is a small to medium 
sized tree.  These areas that are invaded by invasive species are also often characterised by 
poor undergrowth coverage which in turn can result in sediment mobilisation during heavy 
rains.  Degraded lands within wetland catchments can therefore, have negative impacts on 
the functioning of the wetland systems, especially if they are responsible for the mobilisation 
of sediment into the wetlands themselves.   
 
In addition to the historical grazing pressures, the Manketti Game Reserve (which includes 
the Thabametsi mining rights area) were consistently overstocked for a long period of time 
which resulted in heavy grazing and browsing pressure in these areas as well.  Because these 
depression wetlands are the primary source of water for many of the wild animals on the 
game reserves, the herbivorous animals often spend more time in and around these systems.  
As such, the vegetation cover and vegetation diversity in the areas adjacent to the wetland 
systems have been reduced which in turn can result in the mobilisation of sediment into the 
wetlands which can shift these natural systems away from a completely natural state.  In 
many instances the understory has been reduced due to increased grazing and hoof action 
which has allowed for the encroachment of trees around some of these systems – which also 
results in reduced surface roughness in the areas directly surrounding the depression 
wetlands.  In order to offset this particular grazing pressure on the wetland systems and the 
surrounding vegetation, a number of the wetland systems were fitted with artificial water 
supplies such that they were full of water all year round.  The addition of water to a number 
of these systems serves also to provide a vital source of water to the fauna that are kept in 
the area.  This strategy is still utilised to some degree in the Manketti Game Reserve which 
includes the Thabametsi site.  While this strategy does relieve some of the pressure on the 
surrounding sites, it alters the natural hydrological cycle in the artificially supplied wetland 
systems.   
 

Possibly the most significant impact to the wetland systems is associated with the network of 
roads that traverse the Manketti and Thabametsi sites.  While a number of these roads are 
no longer operational, a large number of them are still being used by Ferroland personnel.  
Many of these roads pass through the immediate catchments of wetland areas while a 
number of them pass directly through the depression wetlands themselves.  The impact that 
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roads have on the functioning of these wetlands vary depending on the proximity of the road 
to the wetland system, the nature of the surrounding topography and the ability of the road 
to intercept flows from wider areas of hydrological influence.  Some roads are located in close 
proximity to wetland systems which could result in additional sediment being mobilised from 
the road into the wetland as well as preventing complete hydrological connectivity between 
a wetlands catchment and the wetland itself.  Additionally, if a road passes across or through 
one of the dendritic drainage lines that is responsible for conveying water to a depression 
wetland in a string-of-pearls configuration, the road could potentially divert or interrupt the 
supply of runoff to a given wetland system, thereby changing the hydrology of that wetland.  
Some roads run directly through depression wetlands which have impacted on the hydrology 
of these systems.  In some cases, the deep tyre tracks created by vehicles passing through 
these systems during the wet season remain imprinted in the ground as a result of the high 
clay content in the soils.  This often leads to ponding and pooling of water within the tyre ruts 
– preventing water from flowing along its natural path.  In addition, many of these roads 
running through the wetlands will also contribute to unnatural sediment deposition within 
the wetland during heavy rains.   
 
6.2 Rehabilitation areas 

Across the Manketti Game Reserve study area, four (4) wetland systems were identified and 
specified for rehabilitation covering an area of approximately 10.90ha1112.  In addition to 
these sites, seven (7) more depression wetlands covering an area of 36.29ha13 were identified 
and specified for rehabilitation in the Thabametsi mining right area (Figure 6-1).  A description 
of the systems specified for rehabilitation is provided below. 

 
11 Three disused borrow pits were also identified and specified for rehabilitation within the Manketti Reserve.  

These borrow pits will be utilised as wetland creation sites to contribute towards the wetland functionality offset 

target.  However, until the created wetlands described in GroundTruth 2020 have been successful, these systems 

will be excluded from the offset calculations until such a time that the wetland creation concept has been tried 

and tested.  The descriptions and rehabilitation plans for these borrow pits are included in Appendix 4. 
12 It should be noted that these hectare calculations only include areas that can be defined as true wetlands as 

per the DHSWS (2005) delineation manual. It does not include the sub-catchment and wider areas of 

hydrological influence. 
13 It should be noted that Rehabilitation Site 4 (Wetland 4 in Figure 6-1 below) in the Thabametsi mining rights 

area fall within the Thabametsi Project layout plan (as per TIPP 1 in the drawing ECG-T01-IGN-SP-SP-00002) and 

could potentially be negatively impacted upon by construction and operational activities.  However, this system 

falls approximately 320m away from any infrastructure and as such, should not be directly impacted.  However, 

it is recommended that this system is monitored closely when the Thabametsi Project is implemented in the 

next 30+ years. Refer to Section 9.3 for a detailed explanation. 
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Figure 6-1 Overview of the rehabilitation sites across the Manketti Game Reserve and the Thabametsi site. The areas depicted only show wetland habitat – not 

additional hydrologically connected areas such as the sub-catchments and wider areas of hydrological influence
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Rehabilitation Site 1 (Wetland 1) 

Rehabilitation Site 1 is located within the Thabametsi mining right area of the Exxaro property 
and spans a total length of approximately 340m with an area of 2.61ha.  This wetland is divided 
up into distinctive seasonal and temporary zones, with the seasonal zones being confined to the 
northern and southern-most sections of the wetland and the temporary zone covering the 
remainder of the delineated area (Figure 6-2).  This wetland can therefore be defined as a series 
of seasonal wetlands within a larger drainage network as there is hydrological connectivity 
between the seasonal wetlands within the overall system.  The HGM unit was in a relatively 
degraded state as evidence of heavy grazing was observed within the wetland extent itself.  Old 
construction material was also observed in the wetland, and it was assumed that this material 
was left behind after the construction of the road that runs directly through the middle of the 
wetland, bisecting it (Figure 6-3).  Based on the location of the road, it is anticipated that the road 
is having a negative impact on the drainage patterns and distribution of water within and through 
the system.   
 

 

Figure 6-2 Extent of, and impacts associated with Rehabilitation Site 1. 
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Figure 6-3 Photo of the road bisecting Rehabilitation Site 1 (photo taken facing east) 

 
Rehabilitation Site 2 (Wetland 2) 

Rehabilitation Site 2 is the western-most rehabilitation site and contains is a small drainage 
system which gets temporarily wet during high rainfall seasons with a single portion of the system 
characterised by a more seasonal wetland that holds water for longer periods of time.  The entire 
wetland system is 1.25ha in size and is characterised by a dense stand of trees around the 
wetland to the west.  The temporary and seasonal portions of the wetland are bisected by a dirt 
track that is thought to interrupt the hydrological connectivity between the western and eastern 
sides of the wetland (Figure 6-4).  There is evidence that there is natural hydrological connectivity 
between the two portions of the system as a section of the road has clearly historically been wet 
and is at the point where the seasonal wetland decants into the eastern portion of the wetland 
during heavy rainfall events.  However, the road is thought to be responsible for preventing some 
of the hydrological connectivity between the two portions of the wetland. 
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Figure 6-4 Extent of, and impacts associated with Rehabilitation Site 2. 

 
Rehabilitation Site 3 (Wetland 3) 
Rehabilitation Site 3 contains two true wetland areas wherein water is retained within the 
landscape for extended periods in comparison to the surrounding areas (Figure 6-5).  The wetland 
area within the wider system is 3.55ha in size and is characterised by markedly denser woody 
plant species cover and lower grass cover than the surrounding areas.  There is a dirt track that 
runs through the wetland and runs directly through one of the seasonal wetland areas.  During 
the wet season, this dirt track interrupts hydrological flows between the northern and southern 
sections of the larger wetland as water often gets trapped in the deep tyre tracks created along 
the road in the wet season. 
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Figure 6-5 Extent of, and impacts associated with Rehabilitation Site 3. 

 
Rehabilitation Site 4 (Wetland 4) 
Rehabilitation Site 4 is a string-of-pearls configuration and contains three seasonal wetland areas 
that are hydrologically linked by a dendritic drainage network.  The system drains in a north-
westerly direction to a low point associated with a depression wetland which is located in the 
north-western corner of the wetland (Figure 6-6).  The vegetation within the wetland is 
characterised by dense woody shrub and tree species with reduced grass cover in comparison to 
the surrounding landscape.  There are three dirt roads that pass through the wetland area which 
are thought to be interrupting complete hydrological connectivity between the three seasonal 
wetland areas and possibly channelling water in unnatural and undesirable directions.  In 
addition, one of the seasonal wetland areas has been artificially excavated so that it can hold 
more water during the wet season.  The excavated material has been spoiled around the wetland 
and a low-level berm has been created around the wetland which may prevent surface runoff 
naturally entering the low-lying area. 
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Figure 6-6 Extent of, and impacts associated with Rehabilitation Site 4. 

 
Rehabilitation Site 5 (Wetland 5) 

This wetland system lies to the south and west of a homestead located within Van Der Waltspan 
310R and is surrounded by historically cultivated land.  This old agricultural land is bare and the 
surrounding natural lands are in a degraded state.  Therefore, the majority of the impacts to the 
wetland are associated with degradation and poor veld condition in the catchment and old roads.  
This is a larger string-of-pearls configuration system that drains in a southerly direction towards 
Rehabilitation Site 4 (indicated by the vegetation signature depicted in Figure 6-1).  The total area 
of wetland in this string-of-pearls configuration amounts to 12.99ha.  A number of the seasonal 
wetland areas contained water during both site visits in 2019, which is indicative of the 
importance of the wider area as a water supply area.  The seasonal system directly south of the 
homestead is artificially maintained with water throughout the year (Figure 6-7).  The old farm 
lands in the surrounding area are characterised by very sparse, disturbance tolerant vegetation 
that is not representative of climax natural vegetation within the area.  In addition, some of these 
areas have formed a hard soil cap which prevents vegetation from establishing in these areas.  
These bare areas may increase runoff velocity which may mobilise sediment faster than 
vegetated areas would.  In addition, there are two roads that pass directly through seasonal 
wetland areas and appear to interrupt natural hydrological processes in these areas. 
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Figure 6-7 Extent of, and impacts associated with Rehabilitation Site 5. 

 
Rehabilitation Site 6 (Wetland 6) 
Rehabilitation Site 6 is approximately 0.79ha in size and consists of two distinctly different 
portions of the HGM unit, namely the seasonal wetland area which is located to the north-west 
of the HGM unit, at the lowest point in the wetland, and the more temporary wetland area 
located to the south (Figure 6-8).  The seasonal zone receives the majority of the water in the 
wet season – as such a number of small puddles of water were observed in this section of the 
wetland in amongst a dense and healthy stand of Eragrostis rotifer and Eragrostis acraea.  
Despite the vegetation within the seasonal zone of the wetland being relatively healthy, there 
were erosion gullies and very bare areas of the wetland observed to the east of the seasonal zone 
(Figure 6-9).  These areas appeared to have been eroded by a combination of intense animal hoof 
action and animal path creation and water and wind driven erosion.  Through a combination of 
these processes, large areas of system have been cleared of vegetation and a very hard, 
impermeable soil cap has been created in these areas which prevents any type of vegetation 
from establishing –further exacerbating the erosion process.  This process of erosion has also 
resulted in the deposition of sediment in the HGM unit, which has disturbed the natural vertical 
and horizontal pattern of water distribution within the wetland area. 
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Figure 6-8 Extent of, and impacts associated with Rehabilitation Site 6. 

 

 

Figure 6-9 The area of erosion to the east of the seasonal zone in Rehabilitation Site 6 

 
Rehabilitation Site 7 (Wetland 7) 
Rehabilitation Site 7 is one of the more extensive wetlands specified for rehabilitation, covering 
an area of 7.13ha.  It contains a single wetland area that is artificially maintained with water 
throughout the year for animal watering purposes which is surrounded by a large sub-catchment 
(Figure 6-10).  As can be seen, the permanent watering area is limited to a small 0.37ha area in 
the southern portion of the larger wetland with large areas of temporary wetland that stretch to 
the north.  There is an old road that passes through the wetland in the southern reach of the 
HGM unit and interrupts natural hydrological connectivity between the northern and southern 
portions of the wetland.  The road may also be responsible for the transportation of sediment 
into the low-lying areas associated with the artificial wallow during heavy rainfall events. 
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Figure 6-10 Extent of, and impacts associated with Rehabilitation Site 7. 

 
Rehabilitation Site 8 (Wetland 8) 
Rehabilitation Site 8 is a small series of hydrologically linked seasonal wetlands with a number of 
small seasonal low-lying wetland areas (Figure 6-11).  One of the wetland areas is relatively large 
– almost 0.7ha in size – and is located on the western side of the wetland whereas the smaller 
wetland portions are located towards the east of the wetland.  This wetland is located 
approximately 30m north of the main road that passes through the Manketti Game Reserve.  The 
wetland was dry during the site visit and was characterised by a large stand of Eragrostis rotifer 
and Eragrostis acraea that dominated the majority of the wallow areas.  A number of animal 
tracks were observed leading into the wetland from the surrounding veld, many of which 
originate from the south-western side of the HGM unit, adjacent to the road.  It is thought that 
these animal tracks may be responsible for transporting small quantities of sediment into the 
wetland from the road during the wet season which could be affecting the vertical and horizontal 
drainage properties of the wetland itself.  In addition to the animal tracks, an old dirt road was 
observed within the HGM unit and is thought to be having a negative effect on the natural 
movement of water within the wetland as the road runs perpendicular to the flow of water and 
would interrupt the natural flow of water from west to east.  This road has recently been 
decommissioned and an alternative route has been created that runs around the eastern portion 
of the wetland.  The area to the east outside of the delineated wetland has historically been 
farmed and as a result has become heavily invaded by Senegalia mellifera trees.   
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Figure 6-11 Extent of, and impacts associated with Rehabilitation Site 8. 

 
Rehabilitation Site 9 (Wetland 9) 
Rehabilitation Site 9 is a small system that contains two natural depression wetlands and a third 
wetland area that is artificially maintained throughout the year (Figure 6-12).  The artificially 
maintained portion of the wetland is waterlogged year-round and is characterised by wetland 
indicator species such as Cyperus iria, which is indicative of seasonal to permanent flooding.  The 
substrate within all the wallow pits consisted of very heavy clays that are semi-impermeable 
when wet and have formed as a result of repeated cycles of wetting, drying and chemical 
weathering.  Similarly, to Rehabilitation Site 8, this site is also located on old cultivated lands and 
has been invaded by large, dense stands of Senegalia mellifera trees, which are unnatural in such 
high densities in these areas. 
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Figure 6-12 Extent of, and impacts associated with Rehabilitation Site 9. 

 
Rehabilitation Site 10 (Wetland 10) 
Rehabilitation Site 10 is the largest and most significant string-of-pearls configuration in the 
Manketti Game Reserve, with the wetland area spanning a total area of 5.61ha altogether.  
Within the wider wetland area, there are a total of eight (8) natural depression wetlands that are 
seasonally and temporarily wet whereas the remainder of the system is comprised of 
hydrologically linked areas that form the sub-catchment for the true wetland areas (Figure 6-13).  
Most of the seasonal wetland areas are characterised by trees that surround their margins while 
the remainder of the system is characterised by sparse vegetation and hard, capped soils that 
prevent vegetative growth in the area.  The capped areas are very light grey/white in colour and 
it is thought that through repeated cycles of weathering, the majority of the colourful ions have 
been totally leached out of the soil profile.  There are two decommissioned roads that cut 
through the northern portion of the string-of-pearls configuration and a new road has been 
created that circumnavigates the entire southern boundary of the wider system14.  A third road 
runs through the northern-most seasonal wetland.  A new road has been constructed to the north 
of the system, but the remnants of the old road still interrupt the hydrological flows to the central 
wetland area and hinder vertical and horizontal drainage patterns within the wetland. 
 
 

 
14 It should be noted that the imagery used during the mapping of these systems and associated impacts is from 

2015/2016 and doesn’t reflect recent changes in the landscape such as the presence of the road that 

circumnavigates the southern portion of the wetland. As such, this road has not been mapped. 
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Figure 6-13 Extent of, and impacts associated with Rehabilitation Site 10. 

 
Rehabilitation Site 11 (Wetland 11) 
This wetland system is a circular feature that is located directly to the west of one of the 
management roads in the Manketti Game Reserve (Figure 6-14).  The wetland is located at a low 
point in the road and therefore the road acts as a miniature catchment for the wetland.  Water 
and/or animal tracks have breached the barrier between the wetland and the road and has 
resulted in the transport of road sand into the wetland, creating a relatively unconsolidated 
sediment plume within the HGM unit.  This unnatural deposition of sediment has an effect on 
the surface roughness of the wetland and its buffer area as well as on the vertical and horizontal 
drainage of water entering into the wetland.  Minimal vegetation was found in the wetland 
system itself, and all vegetation that was found in the HGM unit had been heavily grazed and was 
unidentifiable.  
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Figure 6-14 Extent of, and impacts associated with Rehabilitation Site 11. 

 
6.3 Assessment results of the wetlands identified  

The wetlands identified for rehabilitation/enhancement within the study area were assessed in 
terms of their functioning and condition/integrity for both the current and post-
rehabilitation/enhancement15 scenarios.  The results of these assessments are described below.  
 

6.3.1 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 post-rehabilitation 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. 
 

 
15 The term ‘enhancement’ is used to describe the process of improving and enhancing the functional services 

provided by the wetlands through structural interventions.  This differs from the term rehabilitation which refers 

primarily to the improvement of the integrity of a given wetland system. 
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Current scenario 

Generally, the values recorded for the regulating and supporting services for the current scenario 
for the natural rehabilitation sites were Moderately Low to Intermediate (Table 6-1 and Table 
6-2).  The regulating services provided by these wetlands are affected the fact that many of these 
systems exist within wider drainage features and are often the final resting place for hydrological 
flows through the system – thereby becoming pollutant and sediment receiving areas within the 
landscape.  However, it is important to note that the scores for effectiveness generally outweigh 
the scores for opportunity in for regulating and supporting service except in the cases of sediment 
trapping and erosion control as sediment mobilisation and erosion are the biggest threats in the 
broader landscape.  Biodiversity maintenance was generally recorded at an Intermediate to 
Moderately High standard as these systems are very unique and supply a vital source of water 
for both faunal and floral communities within the area.  The loss of these systems within the 
landscape would have devastating effects on the biodiversity of the area.  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. 
 

Post-rehabilitation scenario    

The post-rehabilitation scenario was assessed for all rehabilitation results and will be presented 
as an entire group as the rehabilitation strategy for the majority of the depression wetlands is 
relatively similar.  Therefore, the difference between the pre- and post-rehabilitation scenarios 
is relatively uniform across all systems (Table 6-3 and Table 6-4).  Generally, the majority of the 
systems improved in terms of their ability to provide erosion control, carbon storage and 
biodiversity maintenance services.  This can generally be attributed to the rehabilitation of 
catchment related impacts and the revegetation of bare areas in specific wetlands and/or within 
their sub-catchments.  The restoration of the surrounding veld provides additional habitat for 
fauna and will contribute to overall species diversity in the area and as such will increase the 
biodiversity maintenance rating in the post-development scenario.  The rehabilitation of the veld 
surrounding the wetlands will inevitably increase the systems’ ability to trap and store carbon 
and decrease erosion in the wider landscape.  It should be noted that the scores for sediment 
trapping generally decreased in the post-rehabilitation scenario as the various sources of 
sediment within the immediate catchment of these systems have been deactivated and removed 
in many of the rehabilitation plans and as such, the opportunity and hence the overall score for 
sediment trapping by these systems has been reduced.   
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Table 6-1 Summary of current Ecosystem Services Scores16 for Rehabilitation Sites 1-8  

Ecosystem Services Rehab 1 Rehab 2 Rehab 3 Rehab 4 Rehab 5 Rehab 6 Rehab 7 Rehab 8 
Flood attenuation 2.1 2.0 2.1 1.7 1.9 1.7 2.0 1.9 
   Score for effectiveness: 2.4 2.2 2.4 2.2 2.2 2.2 2.2 2.6 
   Score for opportunity: 1.8 1.8 1.8 1.3 1.5 1.3 1.8 1.3 
Stream flow regulation 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.2 
Sediment trapping 2.4 1.8 1.4 1.6 1.6 1.9 1.8 2.0 
   Score for effectiveness: 1.7 1.1 1.2 1.1 1.1 2.1 1.6 2.3 
   Score for opportunity: 3.0 2.5 1.7 2.0 2.0 1.7 2.0 1.7 
Phosphate trapping 1.6 1.3 1.2 1.4 1.2 1.5 1.4 1.2 
   Score for effectiveness: 2.2 2.0 2.1 2.0 1.7 2.7 2.2 2.1 
   Score for opportunity: 1.0 0.5 0.3 0.7 0.7 0.3 0.7 0.3 
Nitrate removal 0.8 0.8 0.8 0.8 0.8 0.9 0.9 0.6 
   Score for effectiveness: 1.5 1.5 1.5 1.5 1.5 1.8 1.8 1.3 
   Score for opportunity: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Toxicant removal 1.5 1.1 1.1 1.2 1.2 1.3 1.4 1.1 
   Score for effectiveness: 1.9 1.8 1.8 1.8 1.8 2.3 2.2 1.8 
   Score for opportunity: 1.0 0.5 0.3 0.7 0.7 0.3 0.7 0.3 
Erosion control 2.1 2.1 2.1 1.9 1.8 1.9 2.1 1.9 
   Score for effectiveness: 2.3 2.3 2.3 2.0 1.8 1.8 2.3 2.0 
   Score for opportunity: 1.9 1.9 1.9 1.8 1.8 2.1 1.9 1.8 
Carbon storage 1.7 1.7 1.7 1.3 1.7 1.3 2.0 1.7 
Biodiversity maintenance 2.4 2.5 2.6 2.4 2.1 2.6 2.4 2.3 
   Score for noteworthiness: 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
   Score for integrity: 2.9 3.0 3.1 2.9 2.3 3.3 2.8 2.5 
Water supply 0.2 0.2 0.2 0.2 0.5 0.2 0.5 0.2 
Source of harvestable goods /resources 0.0 0.0 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 0.0 0.0 
Socio-cultural significance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Tourism and recreation 0.3 0.3 0.3 0.4 0.6 0.3 0.6 0.3 
Education and research 0.3 0.3 0.3 0.5 0.5 0.5 0.8 0.8 

 

 
16 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Table 6-2 Summary of current Ecosystem Services Scores17 for Rehabilitation Sites 9-11 

Ecosystem Services Rehab 9 Rehab 10 Rehab 11 
Flood attenuation 1.9 2.0 2.1 
   Score for effectiveness: 2.0 2.2 2.4 

   Score for opportunity: 1.8 1.8 1.8 

Stream flow regulation 0.3 0.2 0.2 
Sediment trapping 1.4 1.6 1.8 
   Score for effectiveness: 1.5 1.6 2.2 

   Score for opportunity: 1.3 1.7 1.3 

Phosphate trapping 1.3 1.1 1.0 
   Score for effectiveness: 2.5 1.9 2.1 

   Score for opportunity: 0.0 0.3 0.0 

Nitrate removal 1.0 0.6 0.6 
   Score for effectiveness: 2.0 1.3 1.3 

   Score for opportunity: 0.0 0.0 0.0 

Toxicant removal 1.2 1.0 0.9 
   Score for effectiveness: 2.4 1.7 1.8 

   Score for opportunity: 0.0 0.3 0.0 

Erosion control 2.2 2.0 2.1 
   Score for effectiveness: 2.5 2.0 2.3 

   Score for opportunity: 1.9 1.9 1.9 

Carbon storage 2.0 1.7 1.7 
Biodiversity maintenance 2.3 2.5 2.7 
   Score for noteworthiness: 2.0 2.0 2.0 

   Score for integrity: 2.5 3.0 3.4 

Water supply 0.5 0.2 0.2 
Source of harvestable goods /resources 0.0 0.0 0.0 
Source of cultivated goods /resources 0.0 0.0 0.0 
Socio-cultural significance 0.0 0.0 0.0 
Tourism and recreation 0.6 0.3 0.3 
Education and research 0.5 1.0 0.5 

 

  

 
17 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Table 6-3 Summary of post-rehabilitation Ecosystem Services Scores18 for Rehabilitation Sites 1-8 

Ecosystem Services Rehab 1 Rehab 2 Rehab 3 Rehab 4 Rehab 5 Rehab 6 Rehab 7 Rehab 8 
Flood attenuation 2.2 2.1 2.2 1.8 1.8 2.1 2.1 2.0 
   Score for effectiveness: 2.6 2.4 2.6 2.4 2.4 2.4 2.4 2.8 
   Score for opportunity: 1.8 1.8 1.8 1.3 1.3 1.8 1.8 1.3 
Stream flow regulation 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.2 
Sediment trapping 1.9 1.6 1.3 1.3 1.4 1.4 1.6 1.8 
   Score for effectiveness: 1.8 1.2 1.3 1.2 1.2 1.2 1.2 1.9 
   Score for opportunity: 2.0 2.0 1.3 1.3 1.7 1.7 2.0 1.7 
Phosphate trapping 1.1 1.2 1.2 1.2 1.4 1.4 1.5 1.3 
   Score for effectiveness: 2.3 2.4 2.4 2.4 2.4 2.4 2.4 2.3 
   Score for opportunity: 0.0 0.0 0.0 0.0 0.3 0.3 0.7 0.3 
Nitrate removal 0.8 0.9 0.9 0.9 1.0 0.9 1.0 0.8 
   Score for effectiveness: 1.5 1.8 1.8 1.8 2.0 1.8 2.0 1.5 
   Score for opportunity: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Toxicant removal 1.0 1.0 1.0 1.0 1.3 1.2 1.5 1.2 
   Score for effectiveness: 2.0 2.1 2.1 2.1 2.3 2.1 2.3 2.0 
   Score for opportunity: 0.0 0.0 0.0 0.0 0.3 0.3 0.7 0.3 
Erosion control 2.2 2.3 2.3 2.3 2.3 2.2 2.3 2.1 
   Score for effectiveness: 2.5 2.8 2.8 2.8 2.8 2.5 2.8 2.5 
   Score for opportunity: 1.9 1.9 1.9 1.8 1.8 1.9 1.9 1.8 
Carbon storage 1.7 1.7 1.7 1.7 2.0 1.7 2.0 1.7 
Biodiversity maintenance 2.6 2.6 2.6 2.7 2.4 2.6 2.4 2.4 
   Score for noteworthiness: 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 
   Score for integrity: 3.3 3.1 3.1 3.4 2.8 3.3 2.8 2.8 
Water supply 0.2 0.2 0.2 0.2 0.5 0.2 0.5 0.2 
Source of harvestable goods /resources 0.0 0.0 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 0.0 0.0 
Socio-cultural significance 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Tourism and recreation 0.3 0.3 0.3 0.7 0.6 0.3 0.6 0.3 
Education and research 0.3 0.3 0.3 0.5 0.5 0.5 0.8 0.8 

 
 
 

 
18 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Table 6-4 Summary of post-rehabilitation Ecosystem Services Scores19 for Rehabilitation Sites 9-11 

Ecosystem Services Rehab 9 Rehab 10 Rehab 11 
Flood attenuation 2.1 2.0 2.1 
   Score for effectiveness: 2.4 2.2 2.4 

   Score for opportunity: 1.8 1.8 1.8 

Stream flow regulation 0.2 0.2 0.2 
Sediment trapping 1.3 1.6 1.8 
   Score for effectiveness: 1.2 1.6 2.2 

   Score for opportunity: 1.3 1.7 1.3 

Phosphate trapping 1.2 1.1 1.0 
   Score for effectiveness: 2.4 1.9 2.1 

   Score for opportunity: 0.0 0.3 0.0 

Nitrate removal 0.9 0.6 0.6 
   Score for effectiveness: 1.8 1.3 1.3 

   Score for opportunity: 0.0 0.0 0.0 

Toxicant removal 1.0 1.0 0.9 
   Score for effectiveness: 2.1 1.7 1.8 

   Score for opportunity: 0.0 0.3 0.0 

Erosion control 2.3 2.0 2.1 
   Score for effectiveness: 2.8 2.0 2.3 

   Score for opportunity: 1.9 1.9 1.9 

Carbon storage 1.7 1.7 1.7 
Biodiversity maintenance 2.7 2.5 2.7 
   Score for noteworthiness: 2.0 2.0 2.0 

   Score for integrity: 3.4 3.0 3.4 

Water supply 0.2 0.2 0.2 
Source of harvestable goods /resources 0.0 0.0 0.0 
Source of cultivated goods /resources 0.0 0.0 0.0 
Socio-cultural significance 0.0 0.0 0.0 
Tourism and recreation 0.3 0.3 0.3 
Education and research 0.5 1.0 0.5 

  

 
19 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Figure 6-15 Overview of the ecosystem services provided by Rehabilitation Sites 1-4 in the current and post rehabilitation scenarios.  
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Figure 6-16 Overview of the ecosystem services provided by Rehabilitation Sites 5-8 for the current and post rehabilitation scenarios. 
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Figure 6-17 Overview of the ecosystem services provided by Rehabilitation Sites 9-11 for the current and post rehabilitation scenarios. 
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As WET-EcoServices does not provide a consolidated score that can be used as a target, the 
current and post-rehabilitation assessment scores were incorporated into the Wetland 
Importance and Sensitivity assessment datasheets (Rountree and Malan 2010) to provide EIS 
scores (refer to Table 6-5 to Table 6-15).   
 

Table 6-5 EIS scores for the Rehabilitation Site 1 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Moderate 2.0 Moderate 

Hydro-functional importance  1.5 Low/marginal 1.4 Low/marginal 

Direct human benefits 0.1 None 0.1 None 

Overall Importance and Sensitivity 

Score/Class 
2.0 D 2.0 D 

 

Table 6-6 EIS scores for the Rehabilitation Site 2 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.2 Moderate 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.4 Low/marginal 

Direct human benefits 0.1 None 0.1 None 

Overall Importance and Sensitivity 

Score/Class 
2.2 C 2.2 C 

 

Table 6-7 EIS scores for the Rehabilitation Site 3 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.2 Moderate 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.4 Low/marginal 

Direct human benefits 0.1 None 0.1 None 

Overall Importance and Sensitivity 

Score/Class 
2.2 C 2.2 D 
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Table 6-8 EIS scores for the Rehabilitation Site 4 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.2 Low/marginal 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.3 Low/marginal 

Direct human benefits 0.2 None 0.1 None 

Overall Importance and Sensitivity 

Score/Class 
2.2 C 2.2 C 

 

Table 6-9 EIS scores for the Rehabilitation Site 5 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Moderate 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.4 Low/marginal 

Direct human benefits 0.1 None 0.3 None 

Overall Importance and Sensitivity 

Score/Class 
2.0 D 2.2 C 

 

Table 6-10 EIS scores for the Rehabilitation Site 6 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Moderate 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.4 Low/marginal 

Direct human benefits 0.2 None 0.2 None 

Overall Importance and Sensitivity 

Score/Class 
2.2 C 2.2 C 

 

Table 6-11 EIS scores for the Rehabilitation Site 7 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.2 Moderate 2.2 Moderate 

Hydro-functional importance  1.5 Low/marginal 1.5 Low/marginal 

Direct human benefits 0.3 None 0.3 None 

Overall Importance and Sensitivity 

Score/Class 
2.2 C 2.2 C 
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Table 6-12 EIS scores for the Rehabilitation Site 8 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Low/marginal 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.4 Low/marginal 

Direct human benefits 0.2 None 0.2 None 

Overall Importance and Sensitivity 

Score/Class 
2.0 D 2.2 C 

 

Table 6-13 EIS scores for the Rehabilitation Site 9 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Moderate 2.2 Moderate 

Hydro-functional importance  1.4 Low/marginal 1.3 Low/marginal 

Direct human benefits 0.3 None 0.2 None 

Overall Importance and Sensitivity 

Score/Class 
2.0 D 2.2 D 

 

Table 6-14 EIS scores for the Rehabilitation Site 10 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.2 Moderate 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.3 Low/marginal 

Direct human benefits 0.3 None 0.3 None 

Overall Importance and Sensitivity 

Score/Class 
2.2 C 2.2 C 

 

Table 6-15 EIS scores for the Rehabilitation Site 11 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.2 Moderate 2.2 Moderate 

Hydro-functional importance  1.3 Low/marginal 1.3 Low/marginal 

Direct human benefits 0.2 None 0.2 None 

Overall Importance and Sensitivity 

Score/Class 
2.2 C 2.2 C 
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6.3.2 Wetland ecological integrity assessment20 

The ecological integrity or Present Ecological State (PES) of the wetlands were assessed for the 
hydrology, geomorphology, water quality and vegetation components, taking into account the 
reference/benchmark conditions.  The integrity of the biophysical components of the wetlands 
were assessed for the current and post-rehabilitation scenarios, so as to provide an indication of 
the functional area gained as a result of the proposed rehabilitation activities.   
 
It should be noted that the following assumptions were made with regards to the assessment of 
these systems: 

• The assessment of catchment associated impacts utilised data collected both during the 
site visit and using aerial imagery.  Historical imagery was utilised to assess the change in 
catchment related impacts over time so that an accurate representation of the current 
catchment related impacts could be incorporated into the WET-Health assessments. 

• The size of most of the wetland systems assessed are generally <2% of the size of their 
catchments, as all catchments are >100ha in size.  Therefore, it is unlikely that the portions 
of the catchments that are located farthest away from the wetland systems are going to 
have a large impact on the functioning of these wetland systems unless an exceptionally 
large rain event was to occur.  As such, the WET-Health assessments weight catchment 
related impacts within a 200m buffer of the wetland more substantially than catchment 
related impacts located further away from the HGM unit.   

• Only the areas delineated as ‘true wetland’ according to the DHSWS (2005) guidelines 
were assessed.  As such, the areas delineated as ‘sub-catchment areas’ or ‘areas of wider 
hydrological influence’ were not included in the final hectare equivalent values and 
therefore were not included in the final offset calculation hectare values. 

 
A total of eleven (11) systems were assessed in this study.  Three (3) of the systems assessed have 
been classified as partially artificial depression wetlands as they receive artificial water inputs 
throughout the year, while the remaining eight (8) systems assessed have been classified as 
wholly natural wetland systems.  Generally, the catchments of the wetlands are considered to be 
relatively intact due to the fact that these wetlands are located within the Manketti and 
Thabametsi sites and have been assessed/scored accordingly.  The catchment impacts that were 
accounted for during the assessments include dirt roads, overgrazed vegetation (resulting in 
reduced surface roughness, increased risk of erosion and deposition) due to overstocking, and in 
instances where the dirt roads were in close proximity to the wetlands, additional sediment 
inputs into the systems.  Generally, the in-system impacts are related to old land use practices 
and the presence of management roads within the wetland or the sub-catchment area.  For a full 
description of the typical in-system impacts encountered in the eleven (11) rehabilitation sites, 
refer to Section 6.1.3 (pg. 44). 
 
Figure 6-18 depicts the identified wetlands within the study area and their respective PES 
categories for the current scenario.  A summary of the results for each of the wetland groups are 
outlined below.   

 
20 Please note that the full data for the wetland ecological integrity assessment results can be made available if 

required 
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Figure 6-18 Overview of the identified wetlands within the Manketti Game Reserve and the Thabametsi areas and their associated PES category   
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All the wetland systems fall within the A42J and A41E quaternary catchments – most of which 
fall within the Manketti Game Reserve and the Thabametsi site.  These systems range between 
12.89ha and 0.13ha in size.  The larger systems are generally characterised by a series of smaller 
seasonal depression wetlands that are interlinked by wider temporary zones.  Generally, the 
catchment impacts are relatively uniform and range from the presence of dirt roads to impacts 
associated with degraded lands and poor veld condition as a result of old agricultural land and 
historical land use practices.  The three rehabilitation sites (sites 5, 8 and 9) that are located in or 
near to old agricultural land are the most degraded of all systems – all scoring C categories.  The 
only other wetland that score in the C category was Rehabilitation Site 1 with a range of in-system 
and catchment related impacts.  Generally, the in-system impacts were limited to the presence 
of old roads within the wetland and low surface roughness associated with poor veld conditions.  
Poor veld conditions generally leads to a reduction in surface roughness within a wetland and 
can result in the mobilisation of sediment through erosion within the wetland extent.  All other 
rehabilitation sites fell with the B PES category. 
 
The post-rehabilitation scenario assumes that all the rehabilitation activities were implemented 
as specified in this rehabilitation plan.  The majority of the rehabilitation interventions are 
associated with catchment related rehabilitation and the removal and rehabilitation of old roads 
within wetland systems. 
 

Table 6-16 Summary of the assessment of the ecological integrity for Rehabilitation Site 1 for the current and post-

rehabilitation scenarios  
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 1.90 3.48 1.80 5.41 

PES category B C B D 

Combined PES score 70% 

Overall PES category C 

Hectares of wetland (ha) 2.56 

Hectare equivalents (ha) 1.79 

Post-rehabilitation PES score  79% 

Post-rehabilitation category C 

Post-rehabilitation hectare 

equivalents (ha) 

2.03 
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Table 6-17 Summary of the assessment of the ecological integrity for Rehabilitation Site 2 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.93 0.96 0.72 3.71 

PES category A A A C 

Combined PES score 85% 

Overall PES category B 

Hectares of wetland (ha) 1.25 

Hectare equivalents (ha) 1.06 

Post-rehabilitation PES score  88% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

1.1 

 

Table 6-18 Summary of the assessment of the ecological integrity for Rehabilitation Site 3 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.96 1.59 0.77 2.31 

PES category A B A C 

Combined PES score 86% 

Overall PES category B 

Hectares of wetland (ha) 3.55 

Hectare equivalents (ha) 3.07 

Post-rehabilitation PES score  88% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

3.12 
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Table 6-19 Summary of the assessment of the ecological integrity for Rehabilitation Site 4 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.59 2.42 0.66 4.29 

PES category A C A D 

Combined PES score 82% 

Overall PES category B 

Hectares of wetland (ha) 7.96 

Hectare equivalents (ha) 6.50 

Post-rehabilitation PES score  87% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

6.94 

 

Table 6-20 Summary of the assessment of the ecological integrity for Rehabilitation Site 5 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.39 1.74 1.83 5.61 

PES category A B B D 

Combined PES score 78% 

Overall PES category C 

Hectares of wetland (ha) 12.99 

Hectare equivalents (ha) 10.17 

Post-rehabilitation PES score  82% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

10.70 
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Table 6-21 Summary of the assessment of the ecological integrity for Rehabilitation Site 6 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.42 2.13 1.74 3.98 

PES category A C B C 

Combined PES score 81% 

Overall PES category B 

Hectares of wetland (ha) 0.79 

Hectare equivalents (ha) 0.64 

Post-rehabilitation PES score  89% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

0.71 

 

Table 6-22 Summary of the assessment of the ecological integrity for Rehabilitation Site 7 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.33 1.50 0.70 3.33 

PES category A B A C 

Combined PES score 87% 

Overall PES category B 

Hectares of wetland (ha) 7.13 

Hectare equivalents (ha) 6.18 

Post-rehabilitation PES score  90% 

Post-rehabilitation category A 

Post-rehabilitation hectare 

equivalents (ha) 

6.43 
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Table 6-23 Summary of the assessment of the ecological integrity for Rehabilitation Site 8 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 4.21 2.50 0.88 4.06 

PES category D C A D 

Combined PES score 69% 

Overall PES category C 

Hectares of wetland (ha) 4.47 

Hectare equivalents (ha) 3.10 

Post-rehabilitation PES score  86% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

3.85 

 

Table 6-24 Summary of the assessment of the ecological integrity for Rehabilitation Site 9 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 2.86 0.81 1.16 6.91 

PES category C A B E 

Combined PES score 71% 

Overall PES category C 

Hectares of wetland (ha) 0.71 

Hectare equivalents (ha) 0.50 

Post-rehabilitation PES score  91% 

Post-rehabilitation category A 

Post-rehabilitation hectare 

equivalents (ha) 

0.65 
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Table 6-25 Summary of the assessment of the ecological integrity for Rehabilitation Site 10 for the current and 

post-rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.50 2.19 1.15 4.18 

PES category A C B D 

Combined PES score 82% 

Overall PES category B 

Hectares of wetland (ha) 5.61 

Hectare equivalents (ha) 4.58 

Post-rehabilitation PES score  86% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

4.82 

 

Table 6-26 Summary of the assessment of the ecological integrity for Rehabilitation Site 11 for the current and 

post-rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.60 1.49 1.01 3.50 

PES category A B B C 

Combined PES score 85% 

Overall PES category B 

Hectares of wetland (ha) 0.13 

Hectare equivalents (ha) 0.10 

Post-rehabilitation PES score  91% 

Post-rehabilitation category A 

Post-rehabilitation hectare 

equivalents (ha) 

0.11 
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6.3.3 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 for offsetting purposes (Macfarlane et al. 2018, 
Cowden and Kotze 2009).   
 
Based on the PES score for the current scenario, the 36.29ha of wetland within the Thabametsi 
mining rights area and the 10.90ha of wetland within the Manketti Game Reserve area (totalling 
47.19ha) is considered to be the equivalent to 37.70ha of intact wetland habitat (Table 6-27).  
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 79.88% 
(Figure 6-19).  There are hectare equivalent gains in all wetlands in the post-rehabilitation 
scenario.   
 

Table 6-27 Summary of the hectare equivalents for the current and post-rehabilitation scenarios for the identified 

wetland groups 

HGM unit Overall size (ha) Current ha equiv. 
Post-rehabilitation ha 

equiv. 
Gains (ha) 

Thabametsi 

Wetlands 
36.29 29.42 31.03 1.61 

Manketti 

Wetlands 
10.90 8.28 9.43 1.15 

Total 47.19 37.70 40.46 2.76 

 

 

Figure 6-19 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 post-rehabilitation 

scenarios. 
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6.4 Freshwater ecosystem risk assessment 

When assessing the risks associated with the proposed rehabilitation activities, it was assumed 
that the proposed activities will have a limited footprint on the surrounding landscape, i.e. access 
roads.  Consideration of the principles and approach described in the DHSWS Risk Matrix (GN 
1180 of 2015), highlighted that the proposed rehabilitation activities will have a limited/low risk 
of negative impacts on the functioning and integrity of the systems (Table 6-28).  The objective 
of the rehabilitation activities is to improve the overall functioning and integrity of the identified 
systems, which can be achieved through the careful implementation of the proposed 
rehabilitation activities.  However, the Risk Matrix cannot account for positive impacts in the 
environment and therefore, the potential risks depicted below are considered to be ‘worst-case’ 
scenarios. 
 
The risk associated with the rehabilitation activities is linked to the ‘construction’/ 
implementation phase and may include impacts such as the potential mobilisation of sediments 
into the pans through, for example, the removal of vegetation to create access paths.  These 
impacts however, are considered to be low as it forms part of the rehabilitation process.  It is 
assumed that care will be taken during the implementation phase to limit any impacts on the 
natural environment.  Following the implementation of the proposed rehabilitation activities any 
disturbed areas will be suitably rehabilitated, including the immediate catchments surroundings 
the wetland systems.  
 
The potential risk of the rehabilitation measures within the post-implementation landscape, is 
linked to the movement of wildlife into these pans prior to them being fully established/stable.  
However, it is unlikely to occur as the immediate areas surrounding the rehabilitated wetland 
systems will be suitably brush-packed and as such limiting access to the pans.  In addition, it is 
recommended that these systems are monitoring for a period following the implementation of 
the rehabilitation activities, and as such guidance would be provided when the movement of 
wildlife into these systems would be considered to be acceptable again.   
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Table 6-28 Freshwater ecosystem risk assessment activities, impacts and risk ratings for the rehabilitation activities for the natural systems  

Phase Activity Aspect Impact Severity 
Spatial 
Extent 

Duration 
Probability/
Likelihood 

Signifi-
cance 

Risk Rating 
Confidence 

level 
Control Measures Residual Risk Rating* 

C
o

n
st

ru
ct

io
n

  

Creating access path to 
rehab sites (where 
applicable) 

Removal of vegetation to 
create access path  

Removal of the vegetation 
within the catchment of the 
wetlands  

1.1 1 1 8 25 L 

90% 

Adoption of the 
environmentally 

sensitive measures 
during the 

implementation phase 
to be supplied during the 

detailed design phase 
Low (as these systems 
will receive protection 

for a period of 60 years), 
as they form part of the 

offset requirements  

Siltation of wetland  

Siltation of pan from access 
roads (especially with rehab 
activities are undertaken during 
the wet periods)  

1 1 1 8 24 L 

Movement of machinery  Water contamination/ pollution  1 1 1 8 24 L 

Removal of 
roads/sediment 
plumes within the pans 

Compaction of section of 
the remaining natural pan  

Removal of the vegetation 
within the pan and/or changing 
the substrate characteristics, 
i.e. compacted sections  

1.1 1 1 8 25 L 

Removal of invertebrates 
from pan (i.e. through 
trampling of additional 
areas) 

Reduced invertebrate diversity 
within the pan 

1.5 1 1 8 28 L 

Movement of machinery  Water contamination/ pollution  1 1 1 8 24 L 

Deactivation of 
gullies/animal paths 

Placement of 
ecologs/staggered logs  

Siltation of pan 1 1 1 8 24 L 

Potholing within 
catchment 

Disturbance of the 
sediments and/or 
vegetation 

Siltation of the pan particularly 
if activity is undertaken during 
wet periods 

1 1 1 8 24 L 

Brush-packing  

Disturbance of areas within 
the catchment from where 
the brush will be sought  

Removal of vegetation/ 
additional access paths  

1.1 1 1 8 25 L 

Movement of machinery  Water contamination/ pollution  1 1 1 8 24 L 

Draining artificially 
sustained pan 

Movement of machinery  Water contamination/ pollution  1 1 1 8 24 L 

O
p

e
ra

ti
o

n
al

 

Access of wildlife to 
rehabilitated pans 
(worst-case scenario) 

Siltation of wetland  
Siltation of the pan associated 
with wildlife paths  

1 1 2 8 32 L 

90% 

Management of the 
rehabilitation sites, 

ensuring that the wildlife 
do not gain access to the 
wetlands prior to them 
fully recovered and the 

vegetation in the 
catchment has 

established 

Damaging of brush-packing  
Removal of vegetation/ 
additional access paths  

1 1 2 8 32 L 
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6.5 SANBI offset calculator 

As the impacts associated with the proposed expansion of the Grootegeluk mine on all of the 
identified wetlands within the LOM footprint of the study area were unable to be mitigated 
through the rehabilitation of wetlands 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 (see GTW726/301018/01).    
 
The loss of 5.95hectare equivalents of wetland habitat, associated with the expansion, was 
considered in terms of the approach specified by the SANBI Offset Guidelines (Table 6-29). 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 – 5.95hectare equivalents; 

• Ecosystem conservation target – 1.31hectare equivalents; and 

• Species of conservation concern target – not applicable as no species of special 
concern21 were identified.   

 
Table 6-29 Wetland offset targets and the contribution of the identified candidate wetlands towards the 

wetland functionality and ecosystem conservation targets 

 
Wetland functionality 

(ha equiv.) 

Ecosystem conservation 

(ha equiv.) 

Thabametsi Wetlands 1.06 61.54 

Manketti Wetlands 0.75 21.20 

Total gains 1.81 82.74 

Offset targets 5.95 1.31 

Surplus/shortfalls -4.14 +81.43 

 
It should be noted that the SANBI Offset Guidelines (Macfarlane et al. 2014) account for a level 
of risk associated with the rehabilitation and long-term protection of the wetlands in the 
receiving areas by utilising an adjustment factor that lowers the gains received from each wetland 
being rehabilitated offsite based on whether rehabilitation, averted loss or establishment is 
taking place and the level of protection the systems will receive in the post-
rehabilitation/establishment scenario.  In this instance, the candidate sites fall within Exxaro land 
holdings and therefore, are incorporated within the management and conservation protocols of 
Exxaro and their satellite organisations.  The adjustment factor to account for risks associated 
with activities on other land holdings has therefore been excluded from the offset calculations to 

 
21 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  
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account for the fact that the wetlands fall within Exxaro land holdings and management and long-
term protection of the candidate site are secured. 
 
As is evident from Table 6-29, the identified candidate sites are not able to address the wetland 
functionality offset target, but significantly exceed the ecosystem conservation offset target.  The 
inclusion of all candidate sites results in a nett-loss of 4.14ha in terms of wetland functionality 
and a gain of 81.43ha in terms of ecosystem conservation targets.  It should also be noted that 
these wetland systems are some of the least understood and most threatened wetland types in 
South Africa and a like-for-like trade is necessary.  It is recommended that all sites be 
rehabilitated to meet the agreed targets and account for impacts associated with the proposed 
mining activities.  
 
It is recommended that a commitment to long-term conservation management of the identified 
candidate wetlands be secured through the Biodiversity Stewardship Programme22 or having the 
candidate sites deemed conservation servitudes23.  The process of meeting offset demands 
becomes an extremely land hungry endeavour if additional offset receiving sites are required 
outside of Exxaro owned and managed land as the SANBI offset calculator employs a multiplier 
that decreases the offset value if the land is not owned or managed by the entity responsible for 
the destruction of the wetlands in the first place.  In a landscape that is scarce in its wetland 
coverage, it is advised that all additional offset work be kept on Exxaro managed land. 
 
Even though the offset targets are unattainable within the identified areas, due to the condition 
of these systems being between ‘A’ and ‘C’ class systems24, it should be noted that Exxaro have 
shown their commitment towards trying to mitigate the impacts associated with the loss of the 
wetland habitat within the landscape.  It should be noted that the system used to calculate offsets 
does not penalise individuals/organisations that allow wetland systems on their properties to 
become degraded with the intention of using them for offsetting purposes when required and 
does not reward those for maintaining healthy wetland systems.  Exxaro have commenced with 
a study which aims to recreate wetland habitat, i.e. non-perennial pans, within the landscape 
(GroundTruth 2020).  The objective of the trial is to recreate functional pans within the landscape, 
in the hope that the pans can be recreated within the rehabilitated pit area and disused borrow-
pits in the future, thereby ensuring that wetland habitat is replaced within the rehabilitated pit 
area.  Thus, even though the contribution of these created systems is currently a trial, these 
systems may potentially contribute to future functional gains within the modified and 
rehabilitated pit landscape thereby attempting to address the current deficit.  
 
It is GroundTruth’s understanding that the Zonderwater farm to the east of the Manketti Game 
Reserve is owned by Exxaro.  There is a large feature of hydrological influence that originates in 
the Vooruit cadastral in Manketti that runs in an easterly direction, through the farm Ganzepan 
446 and into the Zonderwater farm.  This wider area of hydrological influence appears to have a 

 
22 This would include the development of a conservation management plan. 
23 This would be considered the responsibility of Exxaro as a part of the offset requirements 
24 ‘A’ class systems are unmodified and natural systems, ‘B’ class systems are slightly modified systems with slight 

signs of degradation, and ‘C’ class systems are moderately modified systems where the alteration to the system and 

its ability to function have been altered although the natural system remains relatively intact. 
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series of wetland systems located within it and could contain a series of string-of-pearls 
configurations.  If Exxaro were to purchase and/or reach an agreement with landowners adjacent 
to the current Manketti propriety areas there may be scope to decrease the offset deficit of 
4.14ha.  A site visit would be required to confirm this. 
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Figure 6-20 Possible areas of expansion of Exxaro property in order to achieve the wetland offset targets
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77..  WWEETTLLAANNDD  RREEHHAABBIILLIITTAATTIIOONN  PPLLAANN    

Wetland rehabilitation can be described as a process in which the causes and symptoms of the 
wetland degradation are addressed, ensuring the wetland integrity and functionality are 
maintained and/ or improved to a desired state.  A proactive approach in terms of corrective 
interventions is recommended to address the impacts within the wetland systems.  An example 
of a rehabilitated wetland is shown by Figure 7-1, with wetland habitat directly adjacent to a 
development serving to provide regulatory benefits and services such as flood attenuation and 
water quality enhancement.   
 

 

Figure 7-1 An example of rehabilitated wetland habitat in a landscape previously devoid of functional wetland 

habitat 

 
The proposed wetland rehabilitation activities aim to improve the integrity of the identified 
candidate depression systems thereby, ensuring the offset targets are achieved in part.  The 
following sections serve to describe the rehabilitation of the wetland ecosystems including the 
problems, aims, objectives and details pertaining to the proposed structural interventions.   
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7.1 Wetland problems 

The biophysical drivers of the depression wetlands have been significantly impacted upon by 
current and historical activities, including inter alia: 

• Coal mining; 

• Construction of mining associated housing and infrastructure; 

• Road construction; 

• Poor veld management and overgrazing; 

• Sediment deposition and infilling; and 

• Alien invasive vegetation. 
 

7.2 Wetland rehabilitation aims and objective 

With the implementation of wetland rehabilitation, it is important to set aims and objectives for 
the planned rehabilitation in accordance with WET-RehabPlan (Kotze et al. 2009).   
 
Aim:  
Due to the high level of cumulative loss of freshwater ecosystems in this region, the aim of the 
rehabilitation is to mitigate the residual impacts of the expansion of the Grootegeluk mining 
footprint, by enhancing the functioning and integrity of the identified wetlands within the 
Manketti Game Reserve and Thabametsi mining right area. 
 
Objective:  
The primary objective of the wetland rehabilitation is to secure and improve the overall integrity 
of the various systems, particularly focusing on improving: 

• The hydrological conditions in the systems that are artificially maintained; 

• The hydrological and geomorphic conditions in many of the natural systems; 

• Wider hydrological connectivity between wetland systems; 

• Promoting obligate wetland species to establish within the wetland habitat; and 

• Promoting the establishment of an understory in the areas immediately surrounding 
the wetland systems. 

 
Achieving these objectives will facilitate the provision of higher levels of ecosystem service 
delivery within the landscape, specifically sediment and nutrient trapping, and the maintenance 
of biodiversity. 
 
Based on the nature of the stated objective, the timeframes would be subject to a lag period, but 
ecosystem response would be expected within five years of the implementation of the 
rehabilitation activities. 
 
7.3 Wetland rehabilitation strategy 

Based on the observations of ecosystem functioning and integrity during all visits made to site, 
the ecosystem functioning and integrity of the majority of the systems would improve with the 
incorporation of site specific interventions to promote diffuse flow of water into the wetland 
systems during the wet season by means of catchment related rehabilitation, to increase 
infiltration rates and surface roughness.  The ecosystem functioning and integrity of the majority 
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of the systems would further improve if access to the wetland systems and their sub-catchment 
areas (assuming a 50m radius) is limited during critical periods of the wet and dry seasons, 
allowing these areas to regenerate.  In addition, small erosion control measures will also be 
implemented to prevent the mobilisation of sediment into the wetland systems from adjacent 
roads and degraded patches of veld.  The design and location of the proposed interventions have 
been determined taking into consideration the nature of each site (refer to Section 7.5 and 
Appendix 1).   
 
Based on the above-mentioned approach to promote diffuse flow through the wetlands and 
prevent erosion, it is anticipated that the following intervention types would be required: 

• Erosion control measures along the edges of the wetland systems to encourage 
understory recovery and to prevent sediment transport into the wetland systems. 
These erosion control measures include: 

o Brush-packing; 
o Timber erosion control logs; and 
o ‘Potholes’; 

• Terminating artificial supplies of water to wetland areas and creating additional 
artificial watering points for animals in terrestrial areas – taking pressure off the 
wetland systems themselves; 

• Removing old roads that pass-through wetland systems that have been 
decommissioned;  

• Construction of low-key earthen berms to direct water off roads or animal tracks that 
run through or around wetlands; and 

• Revegetation of certain areas within wetland catchments with suitable seed mixes 
and, where possible, suitable seed/root stock will be harvested from rehabilitation 
sites to be re-planted subsequent to the rehabilitation activities. 

 
7.4 Wetland rehabilitation/enhancement interventions 

There are two separate rehabilitation related terms being used to describe interventions namely: 
‘rehabilitation’ and ‘enhancement’ and it is important to make a distinction between the two as 
they are ultimately going to have different outcomes.  The types of interventions specified for 
both strategies are exactly the same and will therefore be described together in the sections 
below (refer to Appendix 1 for details regarding each specific intervention).  It should be noted 
that the majority of the interventions specified for each rehabilitation site are relatively generic 
and consist predominantly of soft interventions that do not require the use of concrete or stone 
work.  As such, very detailed drawings for each intervention and rehabilitation site have been 
deemed unnecessary as generic design details can be applied across the site.  Therefore, no 
specific designs have been included in this report, instead specific concepts and instructions have 
been included in the following sections that outline the method with which each intervention 
type should be carried out and implemented.  The dimensions and the number of each 
intervention have been specified per rehabilitation site in Section 7.5 in Appendix 1. 
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7.4.1 Brush-packs 

These interventions have become the ubiquitous intervention for the majority of the 
rehabilitation sites as the majority of the wetland systems.  Many catchment related impacts will 
be minimised through the use of brush-packs.  Brush-packing is achieved by covering the ground 
surface with organic plant material – in this case branches and debris generated during the 
clearing of land for mining or the clearing of alien invasive species.  Brush-packs on exposed soils 
simulates the protective effect of plant cover and thereby encourages plant growth (Figure 7-2).  
This is achieved through: 

• The reduction of rain splash erosion; 

• Increasing retention of moisture in the soil;  

• Decreasing soil temperature;  

• Restricting soil and humus movement in run-off and wind; 

• Protecting germinating plants from grazing animals; and  

• Creating habitat for soil-living animals to burrow and aerate the soil (Coetzee, 2005). 
 

 

Figure 7-2 Example of the effects of brush-packing on a localised area 

 
The brush-packs should be packed in a 200-300mm thick layer and should consist of branches 
and plant cuttings.  Each brush-pack will should be approximately 1m in width and will vary in 
length depending on the extent of the area requiring rehabilitation.  Generally, the rehabilitation 
of roads will require brush-packs that are between 5 and 7m in length whereas larger areas that 
are affected by erosion and/or capping may require brush-packs in excess of 15m in length.  Each 
brush-pack should cover 70-75% of the soil surface to prevent erosion effectively, but should not 
be in excess of 80% cover which would limit the process of plant growth and ultimate 
revegetation.  In particularly exposed areas, larger branches and/or small tree trunks can be used 
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to weigh the brush-packs down to prevent them being blown away by wind.  If additional organic 
material is required, larger branches and tree trunks can be put through a wood-chipper and laid 
down beneath the brush-packs to provide additional cover and organic material to aid the 
germination of plants beneath the brush-packs.  The creation of these brush-packs will be very 
cost-effective and will therefore be used in the majority of the systems receiving rehabilitation, 
whether to stabilise eroding animal paths or to simply protect the soil and encourage vegetative 
regrowth of the understory. 
 

7.4.2 Potholes/hollows 

The catchments of many of the wetlands have been severely degraded as a result of overgrazing 
by herbivores which has reduced the vegetative cover of the immediate catchments and in some 
cases has resulted in capping of the ground surface.  This capping is very hard and extremely 
impermeable, preventing infiltration during the wet season and preventing vegetation 
establishment in these degraded areas.  Hollows or ‘potholes’ are small damlets that break 
through hard surface capping and allow for infiltration instead of runoff and can either be created 
by hand or machinery. In addition, the use of hollows or potholes in the catchments of a number 
of the wetland systems will: 

• Prevent the loss of rich organic matter via run off; 

• Trap wind-blown seeds and animal droppings which will germinate and fertilise 
simultaneously during the wet season; 

• Contribute to overall soil moisture to assist with vegetation establishment; 

• Create a microclimate if many potholes are dug on a degraded piece of land, creating 
conditions favourable for vegetation establishment; and 

• Reduces the effects of erosion by water and wind (Coetzee, 2005). 
 
Each pothole can be excavated by hand and should be 500mmx600mm by 200-300mm in depth.  
These potholes should be spaced 2m apart in rows that are 1.5m apart.  The excavated material 
should be removed from the site so as to prevent excessive trapping of water in the landscape.  
These potholed areas can be seeded with an appropriate seed mixture that contains both 
herbaceous and woody species.  The potholes will be packed with brush-packs so as to prevent 
excessive grazing by animals for as long as possible and assist in vegetative recovery of the 
immediate catchments. 
 

7.4.3 Road removal and rehabilitation 

Many of the rehabilitation sites are dissected by management roads that have been specified for 
removal.  The removal of these roads will reinstate natural hydrological connectivity across the 
affected HGM units and will thereby increase the ability of wetlands to provide ecosystem 
services (Figure 7-3).  The roads will be removed to a level that coincides with the natural ground 
level of the wetland such that hydrological flows are allowed to flow along natural pathways.  The 
additional material generated by the removal of these roads will be used in the construction of 
the new alignments of these roads around the wetland systems.  The process of breaking the 
road surface to encourage vegetative regeneration will either be achieved using a disking 
machine which pummels the road surface with two large disks to break up the surface, or 
scarified with the teeth of the backhoe of a tractor-loader-backhoe (TLB).  Both these methods 
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will break the hard surface of the road to allow infiltration of water and vegetation to re-establish 
in the area.  In addition, brush-packs will be laid across the road surface to trap organic matter 
that may be mobilised down the old road during rain events as well as to provide a nursery 
environment to allow other plants to establish.  An appropriate seed mix can also be spread 
across the old road surface to speed up the revegetation of the old road surface. 
 

 

Figure 7-3 Example of a road crossing within Rehabilitation Site 4 and its effect on the hydrological connectivity 

within the wetland. 

 

7.4.4 Alien/invasive vegetation removal and follow up activities 

A number of invasive woody species were identified within two wetland areas and removal of 
these species would improve the hydrological and vegetative integrity of these two sites.  
Invasive trees must be felled in accordance with the general approach adopted by the Working 
for Water programme.  Due to the risk associated with the formation of debris dams following 
invasive plant clearing operations, the clearing method adopted within the wetland habitat is 
described as ‘Cut-and-Remove’.  This includes the cutting down and removal of all invasive plants 
and material from the wetland habitat.  The branches of the invasive trees can be removed and 
dried appropriately to be used as brush-packing material while the trunks can either be put 
through a wood chipper, can be used as weights for brush-pack bundles, or can be removed from 
the site completely.  A selective herbicide for stump treatment should be used to ensure that the 
existing grass plants are not impacted upon.   
 
In addition to the initial clearing of the identified invasive plant species, follow-up activities are 
required to eradicate emerging seedlings or coppicing stumps.  The implementation of follow-up 
operations is essential in order to reach maintenance levels in terms of controlling invasive plants 
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within the systems.  It is recommended that the follow-up invasive plant clearing activities adopt 
the following approach: 

• Manual activities, including hand-pulling of seedlings, to reduce the risk of the 
translocation of herbicide; 

• Frequent follow-up operations with at least two operations being undertaken per year; 
and 

• Where necessary foliar application of herbicide to emerging coppice. 
 

7.4.5 Re-vegetation and planting 

A number of the rehabilitation activities may result in bare areas within the wetland.  These areas 
will need to be revegetated to restore natural ecological function and stabilise soil.  It is 
recommended that the revegetation of the wetland areas and the surrounding sub-catchment 
areas is achieved through the mosaic harvesting and re-seeding of appropriate wetland and non-
wetland species.  The revegetation of each HGM unit and associated catchment should be done 
with a seed mixture that is appropriate for the ecotone that exists in that particular area.  The 
selection of species will need to be achieved in consultation with a wetland specialist as well as 
the land manager responsible for the management of the Manketti Game Reserve, including the 
Thabametsi mining rights area. 
 

7.4.6 Earthen diversion berms 

Earthen diversion berms have been specified where flows are required to be diverted away from 
specific features and into or away from wetland systems.  These have generally been specified 
for systems that have roads that either cross through or very close to the HGM unit.  Earthen 
diversion berms will generally be constructed on a road at a specific angle to intercept flows and 
push the flows in a certain direction.  Generally, the flows are pushed away from the wetland 
areas to prevent deposition of additional sediment, but in some cases, these will deflect water 
into the wetland in order to provide it with additional water inputs.  These earthen berms have 
also been specified for the animal tracks that lead into Rehabilitation Site 4 which will force water 
out of the concentrated flow paths and encourage diffuse flows into the wetland zone. 
 

7.5 Proposed Rehabilitation strategies for individual HGM units 

Various rehabilitation and enhancement strategies have been adopted within the greater study 
area in order to achieve the aims of enhancing the functioning and integrity of the identified 
wetland systems in the broader landscape.  In this section, the rationale for the selection of the 
interventions to achieve the adopted rehabilitation strategy is specified for the individual HGM 
units.  An intervention layout per individual HGM unit is provided for use in conjunction with the 
strategy summaries (Appendix 1). 
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Proposed enhancement strategy for Rehabilitation Site 1 

The problems with Rehabilitation Site 1 are primarily associated with the old road that dissects 
the HGM unit (Figure 7-4).  The road prevents complete hydrological connectivity between the 
northern and southern portions of the wetland as there are portions of the road that are raised 
above natural ground level which prevent water from flowing freely across the landscape.  The 
wetland sits at the lowest point within the wider landscape which means that it naturally 
becomes a collection and depositional area for water and sediment.  The presence of the 
unvegetated road means that additional sediment is transported into the wetland during heavy 
rains.  This road is no longer being utilised, as an alternative road has been created along an old 
existing track which circumnavigates the entire wetland and as such, the removal of the old road 
is essential to prevent further unnatural sedimentation within the wetland.  In addition, old 
construction material like bricks, concrete, HDPE pipes and wires were observed within the 
wetland itself and would need to be removed and disposed of appropriately. 
 
The enhancement strategy for this site will include the scarifying and/or disking of the old road 
surface to break the harder layers of ground that have been compacted over many years of use.  
Brush-packs will then be laid down across the road in 5-10m intervals to encourage vegetation 
regrowth on the old road surface as well as to prevent further sedimentation within the wetland.  
These brush-packs will also be reseeded to speed up the revegetation process.  The construction 
material will also be removed from the wetland. 
 

 

Figure 7-4 Overview of the proposed rehabilitation strategy for Rehabilitation Site 1 

 

Proposed enhancement strategy for Rehabilitation Site 2 
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Rehabilitation Site 2 has been included within this rehabilitation plan because the road passing 
through the wetland is having a negative and an unnatural impact on the functioning of the 
wetland system.  As such, the road has been realigned to the east of the wetland and 
circumnavigates the entire wetland area25 - rendering the road through the wetland useless.  
(Figure 7-5).  As such, the road passing through the HGM unit can be removed in a similar manner 
to that described for Rehabilitation Site 1 by scarifying/disking, brush-packing and revegetating. 
 

  

Figure 7-5 Overview of the proposed rehabilitation strategy for Rehabilitation Site 2 

 

Proposed enhancement strategy for Rehabilitation Site 3 

The enhancement strategy for Rehabilitation Site 3 is exactly the same as that of Rehabilitation 
Site 2 as the old management road has been rerouted to the north of the wetland system26 and 
the old road that passes directly through the wetland area will be removed.  As such, a 
combination of disking/scarifying, brush-packing and revegetating will be utilised to remove and 
rehabilitate this old road (Figure 7-6).   
 

 
25 It should be noted that the realignment of this road has been implemented subsequent to the latest site visit 

undertaken by GroundTruth and therefore is not displayed on the imagery. 
26 It should be noted that the realignment of this road has been implemented subsequent to the latest site visit 

undertaken by GroundTruth and therefore is not displayed on the imagery. 
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Figure 7-6 Overview of the proposed rehabilitation strategy for Rehabilitation Site 3 

 

Proposed enhancement strategy for Rehabilitation Site 4 

Similar to the enhancement strategies for Rehabilitation Sites 2 and 3, the enhancement of 
Rehabilitation Site 4 will also require the removal and rehabilitation of all three roads that pass 
through the temporary wetland area.  (Figure 7-7).  As Rehabilitation Site 4 is a string-of-pearls 
configuration, there is a much wider hydrological linkage that exists in the dendritic drainage 
network within the wetland.  As such, the hydrological connectedness between the wallows is of 
extreme importance to the continual functioning of this particular system.  As such, the three 
roads through the wetland itself have already been decommissioned and a new road has been 
constructed to the north and east of the wetland that joins the main road that runs in a north-
west/south-east direction located to the south of the wetland27.   
 
In addition to the rehabilitation of these roads, the western-most seasonal wallow area was 
artificially deepened using an excavator to increase the water holding capacity of the depression.  
The excess material from the excavation was spoiled around the depression itself and a small 
low-level berm was created around portions of the wallow.  As such, water cannot freely enter 
the depression as it naturally would have.  Therefore, these small berms will be removed as a 
part of the enhancement plan for this rehabilitation site as well.  There are multiple animal tracks 
(which occur naturally in the landscape) that lead to the western-most seasonal wetland area 
from multiple directions.  Due to poor veld conditions in this particular area, these animal tracks 

 
27 It should be noted that the realignment of this road has been implemented subsequent to the latest site visit 

undertaken by GroundTruth and therefore is not displayed on the imagery. 
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have become semi-permanent erosion features within the landscape and generate high velocity 
discharges down their length during heavy rain events which mobilise sediment into the western 
seasonal wetland zone.  A number of low-level berms will be constructed at 45 degree angles 
across these animal tracks to deflect water off of these paths to break the water velocity and 
disperse the water over a wider area before reaching the depression.   
 

  

Figure 7-7 Overview of the proposed rehabilitation strategy for Rehabilitation Site 4 

 

Proposed enhancement strategy for Rehabilitation Site 5 

Rehabilitation Site 5 forms part of a larger string-of-pearls configuration that sits alongside an old 
farmstead and associated fields.  As such, the vegetation composition within the catchment of 
this wetland has historically been altered and is not representative of the natural vegetation 
within the area.  As can be seen from imagery, the old fields are still well defined within the 
landscape as the vegetation has simply not been able to recover in these particular areas (Figure 
7-8).   
 
Therefore, the enhancement strategy for Rehabilitation Site 5 is related to the rehabilitation of 
the catchment.  Revegetation of the abandoned farm lands will need to happen with appropriate 
species that are representative of the natural vegetation type.  Brush-packs will be used 
extensively in this enhancement strategy as they are effective at providing a nursery environment 
for undergrowth species to establish themselves with reduced pressure and stress from 
herbivores and climatic conditions such as heat.  In addition to the brush-packing, a technique 
known as potholing will be utilised to encourage the growth of larger plants species.  The 
restoration of the catchment will have positive impacts on the wetland areas that are fed by this 
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catchment as the increased vegetation cover will decrease the volume of sediment transported 
into the depositional areas within the wetland.  In addition to sediment trapping, increased 
vegetation cover will reduce evaporative losses from the wallow areas and will reduce the extent 
to which hard impenetrable capping of the soil occurs.  In addition, the roads that currently pass 
through the seasonal wetland areas will be decommissioned and rehabilitated using the road 
removal and rehabilitation method as described for Rehabilitation Sites 2, 3 and 4.   
 

 

Figure 7-8 Overview of the proposed rehabilitation strategy for Rehabilitation Site 5 

 

Proposed enhancement strategy for Rehabilitation Site 6 

Rehabilitation Site 6 is a wetland system that has been severely affected by in-system erosion 
and deposition.  A large section of the eastern side of the wetland has been eroded as a result of 
animal tracks and small gullies have begun to form in these areas.  A large sediment mound has 
been created to the west of these gullies in the wetland which has resulted in the creation of a 
small earthen berm in the middle of the wetland (Figure 7-9).  The additional sediment in the 
wetland system has altered the system’s ability to hold and retain water as the infiltration rates 
of the imported material is much higher and water is being lost to subsurface flows.  The 
enhancement strategy for Rehabilitation Site 6 is to remove the sediment deposit and small berm 
by skimming this excess material back to natural ground level.  The erosion face within the 
wetland will be sloped back to a 1:5 slope such that many of the gullies are flattened and the run-
off velocity and its ability to transport sediment will be greatly reduced.  Brush-packs have also 
been specified for this eroded area to prevent further erosion and to encourage revegetation of 
this area. 
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Figure 7-9 Overview of the proposed rehabilitation strategy for Rehabilitation Site 6 

 

Proposed enhancement strategy for Rehabilitation Site 7 

The problems with Rehabilitation Site 7 are primarily associated with the management road that 
dissects the HGM unit and the artificial supply of water to the southern side of the HGM unit 
(Figure 7-10).  The road prevents hydrological connectivity between the southern and northern 
sections of the wetland system and a large sediment plug has been created at the lowest point 
of the depression which further prevents hydrological and geomorphic connectivity.   
 
The rehabilitation strategy for this site will include the removal of the road and the portions of 
road that contribute to the sedimentation of the lowest point in the wetland.  In addition, a series 
of vegetated earthen berms will be constructed along the existing road to deflect flows traveling 
down the road into the HGM unit, thereby decreasing the rate of sediment deposition in the 
bottom of the depression.  Brush-packs will be placed between the berms to assist with 
revegetation of the road surface as well as to trap additional sediment mobilised between the 
berms.  The road specified for removal has already been decommissioned and an alternative road 
has already been created to the south of the system.  As such, the rehabilitation of this system is 
already underway with the recommended approach described above being an intensification of 
the rehabilitation of this system. 
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Figure 7-10 Overview of the proposed rehabilitation strategy for Rehabilitation Site 7 

 

Proposed enhancement strategy for Rehabilitation Site 8 

Rehabilitation Site 8 is located in close proximity to the main road that passes through the 
Manketti Game Reserve.  There are multiple animal/erosion paths that lead from the road into 
the wetland.  The animal paths are characterised by reduced surface roughness which can result 
in the transportation and deposition of sediment derived from the road into the wetland (Figure 
7-11).  A blocked culvert was observed beneath the main road which prevents water flows from 
passing freely beneath the road and as such, occasionally dams up behind the road and may 
decant into Rehabilitation Site 8.  In addition, a slightly raised management road crosses the 
wetland and interrupts complete hydrological and geomorphic connectivity between the 
western and eastern portions of the larger string-of-pearls configuration.  The wetland itself is 
located near to historically cultivated lands which have now been invaded by dense stands of 
Senegalia mellifera which are disturbance tolerant species and can be considered to be 
indigenous invasives if not kept under control.  Therefore, the main wetland problems are 
associated with catchment management and deposition within the HGM unit. 
 
The proposed rehabilitation strategy for Rehabilitation Site 8 includes the removal of the 
sediment deposits in the HGM unit itself and returning the wetland to its natural ground level.  
The spoil generated from this skimming will be used in the creation of a series low earthen berms 
to be created in between a series of potholes or ponds to the south-east of the wetland.  A 10m 
strip of potholes will be created to encourage revegetation of this particular area as the 
understory is sparsely vegetated and there are signs of capping in these bare areas.  These 
potholes will then be filled with brush-packs and an appropriate seed mix to encourage 
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germination of plants in these areas.  The road will be removed by skimming any excess material 
off the top of the road to return the road surface to ground level.  The old surface will then be 
scarified and/or disked to break the compacted ground beneath the surface to encourage 
vegetative regrowth.  The new road that circumnavigates the system to the east will also be 
removed in favour of a new road that is totally removed from the system.  The removal of this 
road to the east will be undertaken with the same method described for the road running directly 
through the system.  The area to the east of the wetland will be cleared of most Senegalia 
mellifera plants that have invaded the area.  A few of the larger S. mellifera individuals will be left 
to provide a nursery environment for the new plant species that will be planted in the area.  Once 
the clearing has been completed, the area will be scarified and/or disked and an appropriate seed 
mix will be applied to the newly broken soil. 
 

 

Figure 7-11 Overview of the proposed rehabilitation strategy for Rehabilitation Site 8 

 

Proposed enhancement strategy for Rehabilitation Site 9 

The problems with Rehabilitation Site 9 are associated with the old cultivated lands and the dense 
stands of Senegalia mellifera that are located to the east and the south of the wetland system.  
The density of the S. mellifera in this area would contribute to the rapid desiccation of the string-
of-pearls wetland configuration in the wet months as a dense stand of trees transpires at a much 
more rapid rate than the naturally mixed vegetation type that surrounds the old cultivated land.  
The wetland in the western half of the wetland system is artificially maintained throughout the 
year and evidence of frequent animal activity in the vicinity of the wallow was evident.  The 
homogenous cover of S. mellifera in this area may also be related to the heavy grazing pressure 
on other plant species due to the increased presence of animals in this particular area.   
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The enhancement strategy for Rehabilitation Site 9 will include the removal of the S. mellifera 
population as described in the Rehabilitation Site 8 enhancement strategy whereby the majority 
of the tress will be removed and an appropriate seed mix will be applied to the disturbed area.  
In addition, water will no longer be supplied to the western-most wallow in order to relieve some 
of the pressure on the vegetation and soil in this area (Figure 7-12).  Two artificial wallow areas 
will be created in the nearby landscape to which water will be pumped year-round.  The 
management road that runs along the southern border of the wetland will also be removed and 
rehabilitated.  Brush-packs will be utilised to encourage revegetation on the bare areas as well 
as to prevent some of the inevitable sediment mobilisation into the wetland area.  A new 
management road that does not affect the functioning of Rehabilitation Site 9 will be created. 
 

 

Figure 7-12 Overview of the proposed rehabilitation strategy for Rehabilitation Site 9 

 

Proposed enhancement strategy for Rehabilitation Site 10 

Rehabilitation Site 10 is negatively impacted upon by the roads that run through and around it.  
The roads that run through the string-of-pearls wetland inhibits the flow of water between the 
sections of the greater wetland (Figure 7-13).  Evidence that water has been trapped by the road 
and the tyre tracks on the road was observed as a new animal wallow has recently been created 
on the southern-most road itself, where water has been trapped for prolonged periods of time.  
A second road runs along the outer western edge of the wetland for a short way will also need 
to be removed as it has already been decommissioned.  Therefore, the enhancement strategy for 
Rehabilitation Site 10 will include skimming of the old road surface to return it to natural ground 
level.  Once the surface has been skimmed, scarifying and/or disking will be undertaken to break 
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the compacted surface of the road to allow vegetation to grow easily along the old road surface.  
Brush-packs will then be laid across the old road surface in 5-10m intervals and will be seeded 
with an appropriate seed mix to assist with the revegetation process.  An alternative road 
circumnavigating the southern portion of the wetland has already been created.  This process 
will be repeated for the road passing through the wetland zone located at the northern end of 
the wetland system. 
 

 

Figure 7-13 Overview of the proposed rehabilitation strategy for Rehabilitation Site 10 

 

Proposed enhancement strategy for Rehabilitation Site 11 

The problems with Rehabilitation Site 11 are primarily associated with the presence of a 
management road to the east of the wetland system and the fact that the berm separating the 
road and the wetland has been breached by herbivore hoof action.  This has resulted in the 
deposition of sediment in the wetland (Figure 7-14).  The excess sediment has caused the slope 
of the western side of the wetland to increase to an almost unnatural gradient and will alter the 
hydrological and geomorphic characteristics of the wetland. 
 
These problems can be addressed through the removal of the sediment deposit in the wetland 
and the construction of brush-packs between the road and the wetland to prevent additional 
sediment from entering into the HGM unit.  This removal of sediment should be done with great 
care so as not to disturb a large area.  As such, it is suggested that a hand team equipped with 
spades and wheelbarrows is deployed to carry out the removal of the sediment deposit.  In 
addition, a number of extra low earthen berms will be constructed along the road to divert water 
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and sediment away from the wetland area.  These berms will be small enough for cars to drive 
safely over them and will be spaced approximately 25m apart. 
 

 

Figure 7-14 Overview of the proposed rehabilitation strategy for Rehabilitation Site 11 
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88..  SSEEQQUUEENNCCEE  OOFF  WWOORRKK  AANNDD  EESSTTIIMMAATTEEDD  CCOOSSTTSS  

8.1 Sequence of work 

It should be noted that the sequence of work of the proposed rehabilitation activities is critical 
and as such a phased approach is recommended.  It is therefore recommended that the following 
sequence is adopted.  

• Phase 1: 
o All in-system and catchment related earthworks; 
o Harvesting of all necessary material for brush-packing; 

• Phase 2: 
o Revegetation of the pans (if applicable); 

• Phase 3:  
o Reseeding and brush-packing of the disturbed areas.   

 
It should be noted that the proposed phased approach should be adopted for each of the 
wetlands and should be continuously implemented until completed.  This allows the threats 
posed by partial implementation to be minimised.  
 
8.2 Estimated costs 

The following tables (Table 8-1 - Table 8-3) are estimated costs of the interventions based on 
bills of quantities included in the appendices, and rehabilitation work to be done for the eleven 
(11) sites.  It should be noted that these costs may change, and are preliminary values that can 
be used as a reference. 
 

Table 8-1 Cost summary of offset works 

Rehabilitation Site Cost Summary (R) 

Rehab 01 48 352.00 

Rehab 02 27 088.40 

Rehab 03 29 127.60 

Rehab 04 113 586.40 

Rehab 05 304 855.60 

Rehab 06 29 425.60 

Rehab 07 40 304.00 

Rehab 08 350 806.64 

Rehab 09 885 864.80 

Rehab 10 124 896.00 

Rehab 11 5 181.00 

Grand Total 1 959 488.04 
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Table 8-2 Summary of quantities for offset works (earthmoving) 

Rehabilitation 
Site 

Excavation 
(non-restricted 
and spoil) (m³) 

Revegetation 
(m²) 

Haulage (km) Earthen 
material (m³) 

Reshaping (ha) 

Rehab 01   2 207.00 6.00   

Rehab 02   2 506.00 6.90   

Rehab 03   2 185.00 6.10   

Rehab 04 95.00 4 801.00 4.90 95.00  

Rehab 05 500.00 40 950.00 4.10    

Rehab 06 93.00 640.00 4.10  0.09  

Rehab 07  2 374.00 4.50    

Rehab 08 131.00  21 118.00 8.10    

Rehab 09   75 995.00 8.70    

Rehab 10   4 341.00 10.50    

Rehab 11   10.50 23.85  

Grand Total 819.00 157 117.00 74.40 118.85 0.09 

 

Table 8-3 Summary of quantities for offset works (brush-packing/erosion control) 

Rehabilitation 
Site 

Brush-packing 
lengths (m) 

Scarifying/Disking 
(ha) 

Alien vegetation 
clearing (m²) 

Alien vegetation 
clearing (follow up 
treatments28) (m²) 

Rehab 01 1 020.00 0.22   

Rehab 02 231.00 0.25   

Rehab 03 385.00 0.22   

Rehab 04 1 680.00 0.48   

Rehab 05 3 048.00 0.89   

Rehab 06 100.00 
 

  

Rehab 07 708.00 0.24   

Rehab 08 672.00 0.26 14 188.00 14 188.00 

Rehab 09 900.00 0.42 35 695.00 35 695.00 

Rehab 10 3 000.00 0.43   

Rehab 11 24.00    

Grand Total 11 768.00 3.41 49 883.00 49 833.00 

 
  

 
28 It should be noted that a total of five (5) follow up treatments have been specified for the areas that have been 

cleared.  The first follow-up treatment should be carried out three (3) months after initial clearing with the 

following four (4) follow-up treatments being space six (6) months apart thereafter. 
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99..  WWEETTLLAANNDD  RREEHHAABBIILLIITTAATTIIOONN  MMOONNIITTOORRIINNGG  AANNDD  EEVVAALLUUAATTIIOONN  

The following wetland rehabilitation monitoring framework was developed in accordance with 
the principles outlined in WET-RehabEvaluate (Cowden and Kotze 2009), with specific monitoring 
being recommended for the anticipated outputs and outcomes of the project.  The monitoring 
includes the collection of baseline and routine monitoring information to enable the evaluation 
of the rehabilitation effectiveness at least five years after completion of the rehabilitation 
activities.  It should be noted that the following recommended monitoring is considered to be 
the minimum level of monitoring required to show rehabilitation effectiveness, and additional 
monitoring may be required by the relevant authorities (e.g. water quality, vegetation 
composition etc.). 
 
9.1 Monitoring of interventions 

The assessment of the structural integrity would be undertaken based on the specific criteria 
outlined in Table 9-1 and focus on the long-term stability of the interventions and the likelihood 
of achieving the stated objectives.  This assessment would serve to identify weaknesses or 
strengths of the selected interventions within the wetlands.  
 

Table 9-1 Criteria used for monitoring earthen structural integrity of wetland rehabilitation interventions  

(Modified from Cowden and Kotze 2009, p4729). 

Earthen structures/works:  

• Dimensions according to specifications 

• Authorised deviations from plan 

• Excessive settling of the soil (>10% of overall 
height) 

• Erosion on the bank 

• Establishment of vegetative cover 

• Scouring downstream 

• Evidence of outflanking 

• Adequate compaction of soil 

 
The majority of the rehabilitation interventions are considered to be ‘soft’ as none of them 
involve major earthworks or construction of any concrete or stone structures.  Brush-packing and 
potholing are temporary veld management measures designed to assist in veld regeneration 
processes.  Therefore, the majority of the monitoring required will need to be observation based.  
Specific veld assessments can be carried out on a seasonal basis to assess the change in veld 
conditions in the post-rehabilitation landscape. 
  

 
29 It should be noted that Table 9-1 is currently under review through a current Water Research Commission project 

(K5/2344).  The project is aimed at providing a wetland rehabilitation monitoring and evaluation framework, which 

includes updating the structural integrity checklist.   
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9.2 Fixed point photography/site photographs 

Pre- and post-implementation photographs must be recorded for each rehabilitation site.  These 
should be collected in the form of Fixed-Point Photographs, as outlined in WET-RehabEvaluate, 
to allow repeated monitoring to be undertaken. 
 
9.3 Wetland assessments 

The ecological integrity and functioning of the wetlands should be monitored with: 

• WET-Health and WET-EcoServices, collected during the planning process being used 
as the baseline; and 

• Subsequent monitoring being undertaken approximately five years after completion 
of the rehabilitation strategy, to provide the final assessment of the benefits and 
effectiveness of the rehabilitation activities. 

 
In addition, it should be noted that one of the systems in the Thabametsi mining rights area falls 
relatively close to infrastructure planned for the Thabametsi Project, which is proposed to be 
implemented in 30+ years.  The system is Rehabilitation Site 4 which falls approximately 320m 
away from the planned South West Pit (IPP 145 Mt Pit as per the TIPP 1 layout provided in 
drawing ECG-T01-IGN-SP-SP-00002 – refer to Figure 9-1).  The potential impacts on the system 
are likely to be negligible, as the system, for the most part, is hydrologically isolated from the IPP 
145 Mt Pit and would not be negatively affected upon by hydrologically derived impacts.  
However, it would be important to monitor both Rehabilitation Site 4 and Rehabilitation Site 3 
(which lies approximately 530m away from the mentioned pit) as there may be negative impacts 
derived from aeolian transport of sediment and coal dust associated with the IPP 145 Mt Pit.  
These systems should be assessed in terms of their integrity and functionality before the 
implementation of the Thabametsi Project and for a number of years thereafter, depending on 
the progress of the remainder of the Thabametsi Project. 
 
9.4 Wetland rehabilitation effectiveness 

All of the above-mentioned monitoring should be used to inform the evaluation of the 
effectiveness of the rehabilitation and enhancement.  This would be undertaken once the 
required monitoring information has been collected, five years following the completion of the 
wetland rehabilitation activities.  
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Figure 9-1 Location of Rehabilitation Site 4 (Wetland 4) in relation to the Thabametsi Project infrastructure – 

specifically the IPP 145 Mt Pit. 
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1100..  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 wetland systems varying in size from 0.13ha to 12.98ha.  Despite there 
being no perennial streams, there are large areas of wider hydrological connectivity that make 
up a complex dendritic drainage network that operates for only a few days during the wet season.  
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).   
 
Due to the location of the pans/depressions within the Manketti Game Reserve (including the 
Thabametsi mining area), the eleven (11) identified wetlands are considered to be predominantly 
in good condition, i.e. ‘B’ and ‘C’ category systems and cover an area of 47.19ha.  Based on the 
integrity assessment (Macfarlane et al 2018), the wetlands were considered to be equivalent to 
37.7ha of functional wetland habitat.  The offset requirements calculated in the GroundTruth 
(2018) reports stipulated that the wetland functionality target is 5.95hectare equivalents and the 
ecosystem conservation target amounted to 1.31hectare equivalents.  The wetland functionality 
target will not be met with the current rehabilitation work proposed in this report as only 
1.81hectare equivalents from this rehabilitation work will contribute to the wetland functionality 
target.  However, the ecosystem conservation targets were well exceeded with 81.43hectare 
equivalents that are suitable to contribute to these targets.   
 
Due to the nature of the distribution and extent of wetlands within the broader landscape, the 
wetland functionality targets are unable to be met within Exxaro’s landholdings, despite the 
proposed rehabilitation presented in this study.  While opportunities may exist to look further 
afield for additional offset candidate systems, in this instance achieving the SANBI guideline’s 
wetland functionality targets may be practically unachievable, requiring expansive areas.  It 
should be noted that Exxaro are in the process of implementing the created wetland study (see 
report GTW726/120918/01) which may yield results that will allow for Exxaro to create wetland 
habitat in old quarries and borrow pits in the offset areas or create additional wetland habitat on 
the rehabilitated pit in the post-mining scenario.  This concern largely stems from attempting to 
achieve gains from predominantly intact wetland areas that cover small areas within the 
landscape and would contribute less to the offset targets the farther away these candidates are 
from the area of loss.  However, if Exxaro were to consider purchasing and/or consider 
agreements with landowners adjacent to the current Manketti propriety areas – there could be 
significant opportunity to obtain additional offset-worthy areas that may assist in closing the gap 
on the functional hectare equivalent requirements.   
 
Exxaro have shown their commitment to protecting and rehabilitating these systems through 
their commitment to this rehabilitation process and the wetland creation project (see 
GTW726/22012020/CW01).  The created wetland project is considered as advancing the wetland 
field of practice by means of a documented experimental approach to address impacts on 
wetlands in the landscape.  This experimental design would not yet contribute to offset 
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requirements as it is still in the experimental phase, but Exxaro would invest in the protection of 
these systems by financing the wetland creation and committing time and energy into this 
experimental approach.  As such, it is recommended that the authorities favourably consider 
Exxaro’s multi-faceted approach towards addressing the offset targets by 1) partially meeting 
wetland functionality targets, 2) significantly exceeding in the ecosystem conservation targets, 
and 3) meaningfully contributing to the wetland field of practice by means of experimental 
wetland creation, which may ultimately lead to the creation of additional wetland habitat in the 
post-mining landscape.  This would need to be determined in consultation with the relevant 
authorities as recommended by the SANBI guidelines for any wetland offset plan.  In addition, 
with the proof-of-concept that may come though the wetland creation process, it may be 
possible to look into rehabilitating old borrow pits such as the systems specified for rehabilitation 
in Appendix 2.   
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1122..  AAPPPPEENNDDIICCEESS  

12.1 Appendix 1: Proposed Intervention Details for Manketti Sites 

This appendix provides a summary of details regarding the rehabilitation interventions proposed 
for the wetland rehabilitation plan. The summary includes and overall layout of the rehabilitation 
area (provided in Figure A12-1). The details of each proposed intervention provided includes a 
table with the following relevant information: 

• Intervention type; 

• Intervention objectives; 

• Co-ordinate locations; 

• Dates of when the structure was planned; and 

• Intervention drawing numbers. 
 
In addition to the tabulated relevant information, a photograph, Bill of Quantities and 
intervention specific notes for each proposed intervention have been provided. 
 

 

Figure A12-1 Layout of A41E and A42J interventions   
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 Intervention A41E-001 

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit 

Latitude -23.61973 S 

Longitude 27.45912 E 

Designed By Trevor Pike 

Date February 2020 

 

 

Figure A12-2 Location Photograph (A41E-001)  
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Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 2 207 

Revegetation m2 2 207 

Brush-packs 

Brush-pack length30 

no. 

m 

85 

1020 

Overhaul31 distance from future mining if needed km 6.3 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 

 

 Intervention A41E-002 

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit 

Latitude -23.63860 S 

Longitude 27.45536 E 

Designed By Trevor Pike 

Date February 2020 

 
30 It should be noted that the length associated with the brush-packs is highly dependent on site specific 

conditions.  In areas where there are vast areas of open and disturbed space surrounding the road, brush-packing 

may need to extend farther off the road footprint than in areas where there is good vegetative cover surrounding 

the roads.  The final area per brush-pack will need to be decided at the time of implementation.  An average length 

of 7m per brush-pack was assigned to well vegetated areas and an average value of 12m was assigned to less well 

vegetated areas for the purpose of pricing in this report. 
31 A free haulage distance of 5km is assumed. 
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Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 2 506 

Revegetation m2 2 506 

Brush-packs 

Brush-pack length 

no. 

m 

33 

231 

Haulage distance from future mining if needed km 6.9 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 

 

 Intervention A41E-003  

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit 

Latitude -23.63899 S 

Longitude 27.46068 E 

Designed By Trevor Pike 

Date February 2020 
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Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 2 185 

Revegetation m2 2 185 

Brush-packs 

Brush-pack length 

no. 

m 

55 

385 

Haulage distance from future mining if needed km 6.1 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 

 

 Intervention A41E-004 

Intervention Type 
Scarify, brush-pack, revegetate and minor 

earthworks 

Rehabilitation Objective 

Removing old roads through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit. Low earthen berms to divert 

water off animal tracks to encourage diffuse 

flow into wetland 

Latitude -23.63841 S 

Longitude 27.47169 E 

Designed By Trevor Pike 

Date February 2020 
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Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 4 801 

Revegetation m2 4 801 

Brush-packs 

Brush-pack length 

no. 

m 

140 

1 680 

Earthen berm removal m3 95 

Earthen berm construction m3 95 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• The removal of the berm around the wetland area should be carried out during the 
dry season and should be carried out by a hand team to minimise disturbance; 

• The removal of the berms should be done to natural ground level and the material 
from the removal can be utilised for the construction of the earthen berms along the 
animal tracks; 

• The construction of the berms along the animal tracks should be done at 45 degrees 
to the flow of water in order to deflect the water off the animal track most effectively; 

• At least two berms should be constructed per animal track and each should deflect 
water in the opposite direction to the berms below and above it (if applicable); 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 
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 Intervention A41E-005 

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit. Potholing approach will also 

be used to assist germination and growth of 

larger species 

Latitude -23.61925 S 

Longitude 27.47833 E 

Designed By Trevor Pike 

Date February 2020 

 

Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 8 900 

Revegetation m2 40 950 

Potholes (excavation) m3 500 

Brush-packs 

Brush-pack length 

no. 

m 

254 

3 048 

Haulage distance from future mining if needed km 4.1 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Potholing should be carried out using a tractor-loader-backhoe and the excavations 
should not exceed 1m in length, 0.5m in width and 0.5m in depth; 

• One pothole should be placed every 10m2; 

• Potholes should be seeded immediately after excavation and covered with additional 
brush-packs to provide a nursery environment for the germinating plants; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 
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 Intervention A41E-006 

Intervention Type Earthworks and sediment traps 

Rehabilitation Objective 
Sloping with brush-pack bundles 

Removal of sediment and earthen berm 

Latitude -23.61058 S 

Longitude 27.48599 E 

Designed By Trevor Pike 

Date February 2020 

 

 

Figure A12-3 Location Photograph (A41E-006) 
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Bill of Quantities 

Item Unit Quantity 

Excavation  m³ 93 

Brush-packs 

Brush-pack length 

no. 

m 

8 

100 

Earthworks for reshaping m3 850 

Revegetation m2 640 

Haulage distance from future mining if needed km 4.1 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Sediment plug to be removed and surplus material to be disposed appropriately off 
site; 

• Backfill material to be compacted in 150mm layers; 

• Backfill material to be moistened to optimum moisture content to ensure optimum 
compaction; 

• Before brush-packing, loosen soil and scarify paths, then seed area and brush-pack 
over seed; and 

• Reshaping of the eroded area to be done to 1:5 (V:H) in order to achieve an 
appropriate grade to prevent erosion during heavy rains. 

 

 Intervention A42J-001 

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit 

Latitude -23.60867 S 

Longitude 27.50750 E 

Designed By Trevor Pike 

Date February 2020 
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Figure A12-4 Location Photograph (A42J-001) 

 

Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 2 374 

Revegetation m2 2 374 

Brush-packs 

Brush-pack length 

no. 

m 

59 

708 

Haulage distance from future mining if needed km 4.5 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  
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• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 

 

 Intervention A42J-002 

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit. Potholing approach will also 

be used to assist germination and growth of 

larger plant species. Removal of invasive 

vegetation will be undertaken too. 

Latitude -23.59806 S 

Longitude 27.50870 E 

Designed By Trevor Pike 

Date February 2020 

 

 

Figure A12-5 Location Photograph (A42J-002) 



Exxaro Grootegeluk Coal Mine 

Wetland Offset Study 2022 

 

©  GroundTruth Water, Wetlands and Environmental Engineering  Page 124 

 

Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 2556 

Revegetation m2 21 118 

Potholes (excavation) m3 131 

Brush-packs 

Brush-pack length 

no. 

m 

56 

672 

Alien veg. removal m2 14 188 

Alien veg. follow up treatments m2 14 188 (x5) 

Haulage distance from future mining if needed km 3.1 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Removal of invasive tree species should be done using the cut-stump method 
whereby the trees are cut off at their stumps; 

• These stumps should be treated with an appropriate herbicide to reduce coppicing; 

• Follow up invasive plant removal protocols should be implemented to ensure the 
suppression and ultimate elimination of invasive species from the site; 

• The invasive tree removal should happen before or after seeding season i.e. it should 
happen in winter.  This will allow for the cut invasive trees to be utilised as brush-
pack material without fear of reseeding in the brush-packed areas; 

• Potholing should be carried out using a tractor-loader-backhoe and the excavations 
should not exceed 1m in length, 0.5m in width and 0.5m in depth; 

• One pothole should be placed every 10m2; 

• Potholes should be seeded immediately after excavation and covered with additional 
brush-packs to provide a nursery environment for the germinating plants; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 
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 Intervention A42J-003 

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit. Removal of invasive 

vegetation will be undertaken too. 

Latitude -23.59481 S 

Longitude 27.51472 E 

Designed By Trevor Pike 

Date February 2020 

 

 

Figure A12-6 Location Photograph (A42J-003) 
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Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 4 214 

Revegetation m2 75 995 

Brush-packs 

Brush-pack length 

no. 

m 

75 

900 

Alien veg. removal m2 35 695 

Alien veg. follow up treatments m2 35 695 (x5) 

Haulage distance from future mining if needed km 8.7 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Removal of invasive tree species should be done using the cut-stump method 
whereby the trees are cut off at their stumps; 

• These stumps should be treated with an appropriate herbicide to reduce coppicing; 

• Follow up invasive plant removal protocols should be implemented to ensure the 
suppression and ultimate elimination of invasive species from the site; 

• The invasive tree removal should happen before or after seeding season i.e. it should 
happen in winter.  This will allow for the cut invasive trees to be utilised as brush-
pack material without fear of reseeding in the brush-packed areas; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 
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 Intervention A42J-004 

Intervention Type Scarify, brush-pack and revegetate 

Rehabilitation Objective 

Removing old road through wetland by 

scarifying, brush-packing and revegetating. Will 

serve to prevent additional sediment entering 

into the HGM unit.  

Latitude -23.58869 S 

Longitude 27.53240 E 

Designed By Trevor Pike 

Date February 2020 

Bill of Quantities 

Item Unit Quantity 

Scarification/disking m2 4 341 

Revegetation m2 4 341 

Brush-packs 

Brush-pack length 

no. 

m 

250 

3 000 

Haulage distance from future mining if needed km 10.5 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Scarification/disking should not be allowed disturb the soil profile below a depth of 
200mm to prevent long term damage to the soil profile, especially within the wetland 
itself; 

• Revegetation should take place using an appropriate grass-seed mix based on the 
ecotone present at this particular site (can be assigned at the park managers 
discretion);  

• The revegetated areas should be watered directly after seeding to encourage 
immediate germination and growth; and 

• Brush-packing and revegetation should happen immediately after scarification to 
minimise mobilisation of sediment via wind and/or rain. 
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 Intervention A42J-005 

Intervention Type Earthworks and brush-packing 

Rehabilitation Objective 

Construct diversion berms along existing road. 

Brush-pack along edge of road before pan for 

sediment control and vegetation establishment.  

Latitude -23.57100 S 

Longitude 27.61870 E 

Designed By Trevor Pike 

Date February 2020 

 

 

Figure A12-7 Location Photograph (A42J-005) 

 

Bill of Quantities 

Item Unit Quantity 

Earthworks for earthen berms m³ 23.85 

Brush-packs 

Brush-pack length 

no. 

m 

2 

24 

Haulage distance from future mining if needed km 10.5 
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Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Backfill material to be compacted in 150mm layers; 

• Backfill material to be moistened to optimum moisture content to ensure optimum 
compaction; 

• Earthen berms are to be smoothed to allow vehicle to easily drive over; 

• Berms are to be angled towards the natural slope of the topography; and 

• Before brush-packing, loosen soil and scarify paths, then seed area and brush-pack 
over seed. 
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12.2 Appendix 2: Borrow-pit assessments 

Please note: The following rehabilitation plans will only contribute towards the Grootegeluk 

offset requirements, should the created wetland concept be deemed successful and the 

creation of artificial wetland areas within this landscape be deemed a plausible possibility 

(refer to Section 2.1).  In addition, it should be noted that the assessments and rehabilitation 

planning methods used to inform these plans were identical to those documented in Section 

5. 

 

 Characteristics of the freshwater ecosystems 

A total of three (3) disused quarries/borrow pits were assessed during the site visit, two of 
which held minimal water at the time of the site visit and the third showed recent signs of 
water retention.  All three quarries/borrow pits were characterised by very heavy clay 
material at the lowest point in the pit, which can be explained by weathering of the substrate 
as a result of continuous wetting and drying cycles.  All three quarries also displayed recent 
signs of animal activity in and around the waterlogged zone of the pit. 
 
Borrow pit 1 
Borrow Pit 1 is a large and relatively deep disused borrow pit that spans 0.36ha (Figure 12-8).  
It is located adjacent to the main road running through the Greater Manketti Game Reserve 
and was historically used as a borrow pit to provide material for road construction and 
maintenance.  The centre of the pit is almost completely devoid of any vegetation and it is 
assumed that this is a result of the very hard cap that has formed on the surface of the 
majority of the pit.  This cap is comprised of clay material that dries to become a very hard, 
impermeable layer that overlies a subsurface clay layer which is significantly softer and less 
impermeable.  This pit was considered as a potential rehabilitation site because it appeared 
to have a small catchment that it derived additional water from during the wet season.  
Evidence of water entering the pit from a surrounding catchment was observed as there were 
a number of small headcut erosional features running down the side walls of the pit, and 
many flow paths that originated outside of the pit walls were observed.  

 

 
Figure 12-8 View of Borrow Pit 1. The dark area in the centre being the lowest point of the pit and the lighter 

areas to the right being the impermeable capped material. 
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Borrow pit 2 
Borrow Pit 2 is a smaller disused borrow pit that was also historically utilised to generate 
material for road construction and maintenance (Figure 12-9).  This site was selected for 
rehabilitation as it appears to have a small catchment that supplies it with additional water in 
the wet season and evidence existed of wetland characteristics forming in the lower portion 
of the pit.  This pit had similar erosional features to those that were observed in the Borrow 
Pit 1 indicating water flowing into the system from localised areas.  One of these erosion 
pathways is connected to the access road located to the east of the pit and is responsible for 
the movement of sediment from the road into the pit.  A resultant sediment mound has 
formed on the eastern side of the pit.  Very little water remained in the pit during the site 
visit, however a heavy clay was observed in the remaining wet areas of the pit and capping of 
the areas surrounding the lowest point in the pit was also observed – similar to Site 1. 
 

 
Figure 12-9 View of Borrow Pit 2. Black lines represent approximate sediment mound generated by sand 

washed in from the adjacent road. 

 
Borrow pit 3 

Borrow Pit 3 was the final disused borrow pit that was specified for rehabilitation.  The total 
size of the borrow pit was much larger than the other two borrow pits, but the opportunity 
for wetland creation is fairly limited by the topography of the borrow pit and as such, two 
smaller wetland areas of 0.12ha and 0.018ha will be created within this particular pit.  The 
sides of Site 3 slope much more gently than the other two borrow pits and as such, there are 
much smaller bowls in the middle of the pit.  The pit consists of two bowls – one main bowl 
in the centre and another smaller bowl in a raised section of the pit located to the east of the 
main bowl (Figure 12-10).  Site 3 is characterised by a different substrate to the other borrow 
pits as this borrow pit appears to be much more recently excavated and remnant sandstone 
parent material outcrops still extrude from the ground in multiple locations within the pit.  
Therefore, the nature of the clay within the bowls of the pit is slightly coarser than, and not 
as heavy as, the clay found in the other two borrow pits. 
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Figure 12-10 View of Borrow Pit 3. The large bowl is encircled in the black and the secondary smaller bowl 

for wetland creation is encircled in the white. 
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Figure 12-11 Overview of the borrow pits identified within the study site 
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  Assessment results of the wetlands identified  

The borrow pits identified for rehabilitation/enhancement within the study area were 
assessed in terms of their functioning and condition/integrity for both the current and post-
rehabilitation/enhancement scenarios.  The results of these assessments are described 
below.  
 

12.2.2.1 Wetland ecosystem functioning assessment 

The general features of the wetland groups were assessed in terms of the ecosystem 
functioning at a landscape level for the current and post-rehabilitation 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: Borrow pit rehabilitation sites 

Generally, the values recorded for the regulating and supporting services for the current 
scenario for the borrow pit sites were Moderately Low to Intermediate (Table 12-1 and 
Figure 12-12).  In some instances, the wetlands’ effectiveness at providing a particular 
ecosystem service differs markedly from the opportunity that exists to supply that ecosystem 
service.  For example, the opportunity of the wetlands to trap sediments was considered to 
be Intermediate, due to erosive potential of the soils within the catchment.  However, the 
gentle gradient of the catchment and the fact that the delivery of any sediments into the 
wetlands would not be likely even with changes to land use practices e.g. agricultural 
activities; but is rather a natural process in such a landscape.  Furthermore, the isolated 
nature of these systems from a stream network also reduces the ‘value’ these systems have 
within the landscape as they are not connected to systems that would be ‘receiving’ their 
benefits.  Biodiversity maintenance values were considered to be Moderately High.  This can 
be attributed to the fact that the borrow pits 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 systems’ location within private property.  
 

Post-rehabilitation scenario    

The post-rehabilitation scenario was assessed for all rehabilitation results and will be 
presented as an entire group as the rehabilitation strategy for the majority of the depression 
wetlands is relatively similar.  Therefore, the difference between the pre- and post-
rehabilitation scenarios is relatively uniform across all systems (Table 6-3 and Table 6-4).  
Generally, the majority of the systems improved in terms of their ability to provide erosion 
control, carbon storage and biodiversity maintenance services.  This can generally be 
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attributed to the rehabilitation of catchment related impacts and the revegetation of bare 
areas in specific wetlands and/or within their sub-catchments.  The restoration of the 
surrounding veld provides additional habitat for fauna and will contribute to overall species 
diversity in the area and as such will increase the biodiversity maintenance rating in the post-
development scenario.  The rehabilitation of the veld surrounding the wetlands will inevitably 
increase the systems’ ability to trap and store carbon and decrease erosion in the wider 
landscape.  It should be noted that the scores for sediment trapping generally decreased in 
the post-rehabilitation scenario as the various sources of sediment within the immediate 
catchment of these systems have been deactivated and removed in many of the rehabilitation 
plans and as such, the opportunity and hence the overall score for sediment trapping by these 
systems has been reduced. 
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Table 12-1 Summary of current Ecosystem Services Scores32 for the borrow-pit rehabilitation sites 

Ecosystem Services Borrow Pit 1 Borrow Pit 2 Borrow Pit 3 
Flood attenuation 2.1 2.1 2.4 
   Score for effectiveness: 2.4 2.4 2.8 
   Score for opportunity: 1.8 1.8 2.0 
Stream flow regulation 0.0 0.0 0.0 
Sediment trapping 1.6 1.6 1.4 
   Score for effectiveness: 1.2 1.2 1.4 
   Score for opportunity: 2.0 2.0 1.3 
Phosphate trapping 0.9 0.9 0.9 
   Score for effectiveness: 1.7 1.7 1.8 
   Score for opportunity: 0.0 0.0 0.0 
Nitrate removal 0.5 0.5 0.5 
   Score for effectiveness: 1.0 1.0 1.0 
   Score for opportunity: 0.0 0.0 0.0 
Toxicant removal 0.7 0.7 0.7 
   Score for effectiveness: 1.3 1.3 1.4 
   Score for opportunity: 0.0 0.0 0.0 
Erosion control 1.8 1.8 2.0 
   Score for effectiveness: 1.8 1.8 2.0 
   Score for opportunity: 1.9 1.9 2.0 
Carbon storage 1.3 1.3 1.3 
Biodiversity maintenance 1.9 1.9 2.0 
   Score for noteworthiness: 1.0 1.0 1.0 
   Score for integrity: 2.8 2.8 3.0 
Water supply 0.0 0.0 0.0 
Source of harvestable goods /resources 0.0 0.0 0.0 
Source of cultivated goods /resources 0.0 0.0 0.0 
Socio-cultural significance 0.0 0.0 0.0 
Tourism and recreation 0.3 0.3 0.3 
Education and research 0.0 0.0 0.0 

  

 
32 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Table 12-2 Summary of post-rehabilitation Ecosystem Services Scores33 for the borrow-pit rehabilitation sites 

Ecosystem Services Borrow Pit 1 Borrow Pit 2 Borrow Pit 3 
Flood attenuation 2.1 2.1 2.4 
   Score for effectiveness: 2.4 2.4 2.8 
   Score for opportunity: 1.8 1.8 2.0 
Stream flow regulation 0.2 0.2 0.2 
Sediment trapping 1.6 1.6 1.4 
   Score for effectiveness: 1.2 1.2 1.4 
   Score for opportunity: 2.0 2.0 1.3 
Phosphate trapping 1.0 1.0 1.1 
   Score for effectiveness: 2.1 2.1 2.1 
   Score for opportunity: 0.0 0.0 0.0 
Nitrate removal 0.8 0.8 0.8 
   Score for effectiveness: 1.5 1.5 1.5 
   Score for opportunity: 0.0 0.0 0.0 
Toxicant removal 0.9 0.9 0.9 
   Score for effectiveness: 1.8 1.8 1.9 
   Score for opportunity: 0.0 0.0 0.0 
Erosion control 2.2 2.2 2.3 
   Score for effectiveness: 2.5 2.5 2.5 
   Score for opportunity: 1.9 1.9 2.0 
Carbon storage 1.7 1.7 1.7 
Biodiversity maintenance 2.6 2.6 2.6 
   Score for noteworthiness: 2.0 2.0 2.0 
   Score for integrity: 3.1 3.1 3.1 
Water supply 0.2 0.2 0.2 
Source of harvestable goods /resources 0.0 0.0 0.0 
Source of cultivated goods /resources 0.0 0.0 0.0 
Socio-cultural significance 0.0 0.0 0.0 
Tourism and recreation 0.3 0.3 0.3 
Education and research 0.0 0.0 0.0 

 
 
 

 
33 Where applicable the scores for opportunity and effectiveness have been presented to ensure understanding of effectiveness of the systems. 
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Figure 12-12 Overview of the ecosystem services provided by the borrow pits for the current and post rehabilitation scenarios. 
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As WET-EcoServices does not provide a consolidated score that can be used as a target, the 
current and post-rehabilitation assessment scores were incorporated into the Wetland 
Importance and Sensitivity assessment datasheets (Rountree and Malan 2010) to provide EIS 
scores (refer to Table 12-3 to Table 12-5).   
 

Table 12-3 EIS scores for the Borrow pit 1 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Moderate 2.0 Moderate 

Hydro-functional importance  1.1 Low/marginal 1.3 Low/marginal 

Direct human benefits 0.1 None 0.1 None 

 

Table 12-4 EIS scores for the Borrow pit 2 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Moderate 2.2 Moderate 

Hydro-functional importance  1.1 Low/marginal 1.3 Low/marginal 

Direct human benefits 0.1 None 0.1 None 

 

Table 12-5 EIS scores for the Borrow pit 3 in the current and post-rehabilitation scenario 

 Current  Post-rehabilitation 

Categories Importance 

Score 

Importance 

Rating 

Importance 

Score 

Importance 

Rating 

Ecological importance & sensitivity 2.0 Moderate 2.0 Moderate 

Hydro-functional importance  1.2 Low/marginal 1.3 Low/marginal 

Direct human benefits 0.1 None 0.1 None 

 

12.2.2.2 Wetland ecological integrity assessment34 

The ecological integrity or Present Ecological State (PES) of the borrow pits, were assessed for 
the hydrology, geomorphology, water quality and vegetation components, taking into account 
the reference/benchmark conditions.  The integrity of the biophysical components of the 
borrow-pits were assessed for the current and post-rehabilitation scenarios, so as to provide an 
indication of the functional area gained as a result of the proposed rehabilitation activities.   
 
It should be noted that the following assumptions were made with regards to the post-
rehabilitation scenario: 

 
34 Please note that the full data for the wetland ecological integrity assessment results can be made available if 

required 
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• The assessment of catchment associated impacts utilised data collected both during the 
site visit and using aerial imagery.  Historical imagery was utilised to assess the change in 
catchment related impacts over time so that an accurate representation of the current 
catchment related impacts could be incorporated into the WET-Health assessments. 

• The size of most of the wetland systems assessed are generally <2% of the size of their 
catchments, as all catchments are >100ha in size.  Therefore, it is unlikely that the portions 
of the catchments that are located farthest away from the wetland systems are going to 
have a large impact on the functioning of these wetland systems unless an exceptionally 
large rain event was to occur.  As such, the WET-Health assessments weight catchment 
related impacts within a 200m buffer of the wetland more substantially than catchment 
related impacts located further away from the HGM unit.   

• Only the areas delineated as ‘true wetland’ according to the DHSWS (2005) guidelines 
were assessed.  As such, the areas delineated as ‘sub-catchment areas’ or ‘areas of wider 
hydrological influence’ were not included in the final hectare equivalent values and 
therefore were not included in the final offset calculation hectare values. 

• All borrow pit offset receiving systems specified for rehabilitation were delineated and 
assessed by DWE (2018).  The extents mapped by DWE were utilised for the purposes of 
this study, however, GroundTruth reassessed all of the rehabilitation sites in terms of 
their integrity and functioning.  It is understood that the borrow pit sites are not natural 
wetland systems and were therefore assessed as ‘desired-state’ systems.   

 
Borrow Pits 

This group comprises of Borrow Pits 1, 2 and 3 within the A42J quaternary catchment and are all 
less than 0.5ha in extent.  Generally, the catchment impacts for these systems are uniform and 
are associated with poor veld condition and the presence of roads.  The catchment of Borrow Pit 
1 does have mining associated impacts which has affected the integrity of the system.  These 
impacts have been accounted for accordingly.   

 

These smaller, artificial 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, 
i.e. surface water35, for approximately four (4) weeks per annum36.  Table 12-6 - Table 12-8 
provide summaries of the systems’ biophysical drivers for the current and post-rehabilitation 
scenarios.  The post-rehabilitation scenario incorporates positive impacts associated with brush-
packing and erosion control in the immediate catchments to prevent sediment deposition in 
these systems. Brush-packing will also encourage vegetation recovery and an increase in surface 
roughness. 
  

 
35 It should be noted that this does not include the period during which the soil profile is inundated.  
36 It should be noted that this assumption can only be confirmed with long-term seasonal monitoring of the systems 

but is based on infield observations. 
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Table 12-6 Summary of the assessment of the ecological integrity for Borrow Pit 1 for the current and post-

rehabilitation scenarios  
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 2.05 3.02 1.76 5.48 

PES category C C B D 

Combined PES score 70% 

Overall PES category C 

Hectares of wetland (ha) 0.362 

Hectare equivalents (ha) 0.255 

Post-rehabilitation PES score  75% 

Post-rehabilitation category C 

Post-rehabilitation hectare 

equivalents (ha) 

0.271 

 

Table 12-7 Summary of the assessment of the ecological integrity for Borrow Pit 2 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 1.28 2.42 1.37 4.56 

PES category B C B D 

Combi-ned PES score 77% 

Overall PES category C 

Hectares of wetland (ha) 0.205 

Hectare equivalents (ha) 0.158 

Post-rehabilitation PES score  86% 

Post-rehabilitation category B 

Post-rehabilitation hectare 

equivalents (ha) 

0.178 
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Table 12-8 Summary of the assessment of the ecological integrity for Borrow Pit 3 for the current and post-

rehabilitation scenarios 
 

Hydrology Geomorphology Water Quality Vegetation 

Impact scores 1.52 3.12 2.86 7.47 

PES category B C C E 

Combined PES score 65% 

Overall PES category C 

Hectares of wetland (ha) 0.132 

Hectare equivalents (ha) 0.086 

Post-rehabilitation PES score  71% 

Post-rehabilitation category C 

Post-rehabilitation hectare 

equivalents (ha) 

0.094 
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12.2.3 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 for offsetting purposes (Macfarlane et al. 2018, 
Cowden and Kotze 2009).   
 
Based on the PES score for the current scenario, the 0.70ha of borrow-pit habitat is considered 
to be the equivalent to 0.5ha of intact borrow-pit wetland habitat (Table 12-9).  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 71.4% (Figure 
12-13).  There are hectare equivalent gains in all three wetland groups in the post-rehabilitation 
scenario.   
 

Table 12-9 Summary of the hectare equivalents for the current and post-rehabilitation scenarios for the identified 

wetland groups 

HGM unit Overall size (ha) Current ha equiv. 
Post-rehabilitation ha 

equiv. 
Gains (ha) 

Borrow pits 0.70 0.50 0.54 0.04 

 

 

Figure 12-13 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 post-rehabilitation 

scenarios. 
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 Freshwater ecosystem risk assessment 

When assessing the risks associated with the proposed rehabilitation activities, it was assumed 
that the proposed activities will have a limited footprint on the surrounding landscape, i.e. access 
roads.  The assessment of the potential risks posed by the rehabilitation activities have been 
grouped according to the nature of the systems, i.e. natural versus artificial/quarry.    
 
Consideration of the principles and approach described in the DHSWS Risk Matrix (GN 1180 of 
2015), highlighted that the proposed rehabilitation activities will have a limited/low risk of 
negative impacts on the functioning and integrity of the systems (Table 12-10).  The objective of 
the rehabilitation activities is to improve the overall functioning and integrity of the identified 
systems, which can be achieved through the careful implementation of the proposed 
rehabilitation activities.  However, the Risk Matrix cannot account for positive impacts in the 
environment and therefore, the potential risks depicted below are considered to be ‘worst-case’ 
scenarios. 
 
The risk associated with the rehabilitation activities is linked to the ‘construction’/ 
implementation phase and may include impacts such as the potential mobilisation of sediments 
into the borrow pits through, for example, the removal of vegetation to create access paths.  
These impacts however, are considered to be low as it forms part of the rehabilitation process.  
It is assumed that care will be taken during the implementation phase to limit any impacts on the 
natural environment.  Following the implementation of the proposed rehabilitation activities any 
disturbed areas will be suitably rehabilitated, including the immediate catchments surroundings 
the wetlands/quarries.  
 
The potential risk of the rehabilitation measures within the post-implementation landscape, is 
linked to the movement of wildlife into these pans prior to them being fully established/stable.  
However, it is unlikely to occur as the immediate areas surrounding the rehabilitated 
pans/quarries will be suitably brush-packed and as such limiting access to the pans.  In addition, 
it is recommended that these systems are monitoring for a period following the implementation 
of the rehabilitation activities, and as such guidance would be provided when the movement of 
wildlife into these systems would be considered to be acceptable again.   
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Table 12-10 Freshwater ecosystem risk assessment activities, impacts and risk ratings for the rehabilitation activities for the borrow-pits 

Phase Activity Aspect Impact Severity 
Spatial 
Extent 

Duration 
Probability 
/Likelihoo

d 

Significa
nce 

Risk 
Rating 

Confidence 
level 

Control Measures Residual Risk Rating* 

C
o

n
st

ru
ct

io
n

  

Creating access path to 
rehab sites (where 
applicable) 

Removal of vegetation to 
create access path  

Removal of the vegetation 
within the catchment of the 
borrow-pit 

1.1 1 1 8 25 L 

90% 

Adoption of the 
environmentally 

sensitive measures 
during the 

implementation phase 
to be supplied during the 

detailed design phase 
Low (as these systems 
will receive protection 

for a period of XX years), 
as they form part of the 

offset requirements 

Siltation of borrow-pit 

Siltation of borrow-pit from 
access roads (especially with 
rehab activities are undertaken 
during the wet periods)  

1 1 1 8 24 L 

Movement of machinery  Water contamination/ pollution  1 1 1 8 24 L 

Removal of sediment 
plumes within the 
borrow-pits 

Compaction of section of 
the remaining borrow-pit  

Removal of the vegetation 
within the borrow-pit and/or 
changing the substrate 
characteristics, i.e. compacted 
sections  

1.1 1 1 8 25 L 

Removal of invertebrates 
from borrow-pit (i.e. 
through trampling of 
additional areas) 

Reduced invertebrate diversity 
within the borrow-pit 

1.5 1 1 8 28 L 

Movement of machinery  Water contamination/ pollution  1 1 1 8 24 L 

Deactivation of 
gullies/animal paths 

Placement of 
ecologs/staggered logs  

Siltation of borrow-pit from 
access roads (especially with 
rehab activities are undertaken 
during the wet periods)  

1 1 1 8 24 L 

Brush-packing  

Disturbance of areas within 
the catchment from where 
the brush will be sought  

Removal of vegetation/ 
additional access paths  

1.1 1 1 8 25 L 

Movement of machinery  Water contamination/ pollution  1 1 1 8 24 L 

O
p

er
at

io
n

al
 

Access of wildlife to 
enhanced borrow-pits 
(worst-case scenario) 

Siltation of borrow-pit 
Siltation of the borrow-pit 
associated with wildlife paths  

1 1 2 8 32 L 

90% 

Management of the 
rehabilitation sites, 

ensuring that the wildlife 
do not gain access to the 
wetlands prior to them 
fully recovered and the 

vegetation in the 
catchment has 

established 

Damaging of brush-packing  
Removal of vegetation/ 
additional access paths  

1 1 2 8 32 L 
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 SANBI offset calculator 

As the impacts associated with the proposed expansion of the Grootegeluk mine on all of the 
identified wetlands within the LOM footprint of the study area were unable to be mitigated 
through the rehabilitation of wetlands 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 (see GTW726/301018/01).    
 
The loss of 5.85 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 –5.85 hectare equivalents; 

• Ecosystem conservation target – 1.31 hectare equivalents; and 

• Species of conservation concern target – not applicable as no species of special 
concern37 were identified.   

 

Table 12-11 Wetland offset targets and the contribution of the identified candidate wetlands towards the 

wetland functionality and ecosystem conservation targets 

 
Wetland functionality 

(ha equiv.) 

Ecosystem conservation 

(ha equiv.) 

Thabametsi Wetlands 1.06 61.54 

Manketti Wetlands 0.75 21.20 

Borrow pits 0.03 1.20 

Total gains 1.84 83.94 

Offset targets 5.85 1.31 

Surplus/shortfalls -3.72 +82.74 

 
It should be noted that the SANBI Offset Guidelines (Macfarlane et al. 2014) account for a 
level of risk associated with the rehabilitation and long-term protection of the wetlands in the 
receiving areas by utilising an adjustment factor that lowers the gains received from each 
wetland being rehabilitated offsite based on whether rehabilitation, averted loss or 
establishment is taking place and the level of protection the systems will receive in the post-
rehabilitation/establishment scenario.  In this instance, the candidate sites fall within Exxaro 
land holdings and therefore, are incorporated within the management and conservation 

 
37 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  
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protocols of Exxaro and their satellite organisations. The adjustment factor to account for 
risks associated with activities on other land holdings has therefore been excluded from the 
offset calculations to account for the fact that the wetlands fall within Exxaro land holdings 
and management and long-term protection of the candidate site are secured. 
 
As is evident from Table 12-11, the identified candidate sites are not able to address the 
wetland functionality offset target, but significantly exceed the ecosystem conservation offset 
target.  The inclusion of all candidate sites results in a nett-loss of 3.72ha in terms of wetland 
functionality and a gain of 82.74ha in terms of ecosystem conservation targets.  It should also 
be noted that these wetland systems are some of the least understood and most threatened 
wetland types in South Africa and a like-for-like trade is necessary.  It is recommended that 
all sites be rehabilitated to meet the agreed targets and account for impacts associated with 
the proposed mining activities.  
 
It is recommended that a commitment to long-term conservation management of the 
identified candidate wetlands be secured through the Biodiversity Stewardship Programme38 
or having the candidate sites deemed conservation servitudes39.  The process of meeting 
offset demands becomes an extremely land hungry endeavour if additional offset receiving 
sites are required outside of Exxaro owned and managed land as the SANBI offset calculator 
employs a multiplier that decreases the offset value if the land is not owned or managed by 
the entity responsible for the destruction of the wetlands in the first place.  In a landscape 
that is scarce in its wetland coverage, it is advised that all additional offset work be kept on 
Exxaro managed land. 
 
It is GroundTruth’s understanding that the Zonderwater farm to the east of the Manketti 
Game Reserve is owned by Exxaro.  There is a large feature of hydrological influence that 
originates in the Vooruit cadastral in Manketti that runs in an easterly direction, through the 
farm Ganzepan 446 and into the Zonderwater farm.  This wider area of hydrological influence 
appears to have a series of wetland systems located within it and could contain a series of 
string-of-pearls configurations.  If Exxaro were to purchase the Ganzepan 446 farm portion, 
there may be scope to drastically decrease the offset deficit of 4.04ha.  Upon review of the 
available imagery, it appears as though there may be rehabilitation potential within the 
Ganzepan 446 farm portion.  A site visit would be required to confirm this. 
 
  

 
38 This would include the development of a conservation management plan. 
39 This would be considered the responsibility of Exxaro as a part of the offset requirements 
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12.3 Appendix 3: Proposed rehabilitation strategies for individual borrow pits 

Various rehabilitation and enhancement strategies have been adopted within the greater 
study area in order to achieve the aims of enhancing the functioning and integrity of the 
identified borrow-pits and wetland systems in the broader landscape.  In this section, the 
rationale for the selection of the interventions to achieve the adopted rehabilitation strategy 
is specified for the individual HGM units.  An intervention layout per individual HGM unit is 
provided for use in conjunction with the strategy summaries (Appendix 5). 
 

12.3.1  Proposed enhancement strategy for Borrow Pit 1 

The proposed interventions for the enhancement of the borrow-pit are specified in this 
section (Figure 12-14).  Currently, the steepness of the sides of the borrow-pit encourages 
erosion on the pit sides and deposition of sediment in the central reaches of the borrow-pit, 
which disturbs the natural process of wetland soil pedogenesis in the bottom of the borrow-
pit.  The actual depression within the borrow-pit is too deep and covers a small surface area, 
and as such, water concentrates over a small surface area in the wetland and creates an 
unnaturally deep pool during the wet season. 
 
The approach to the enhancement of this borrow-pit will be to reshape the extent of the pit 
so that it is morphologically similar to natural wetland systems.  This approach will include 
the sloping out the sides of the wetland to a much gentler grade (between 3 and 10%) such 
that sediment isn’t as readily mobilised from the pit sides.  Revegetation of the sloped sides 
with an appropriate grass and shrub seed mix will be carried out as soon as the reshaping has 
been completed.  The central area of the borrow-pit will be filled with an appropriate 
substrate to create a much flatter bottomed system that will be more representative of a 
natural wetland system.   
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Figure 12-14 Overview of the proposed rehabilitation strategy for Borrow Pit 1 
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12.3.2 Proposed enhancement strategy forBorrow Pit 2 

The system problems associated with this borrow-pit site are identical to those in Borrow Pit 
1 and will be treated in the same way.  However, the access road located to the east of this 
borrow pit is acting as a source of sediment to the borrow-pit and erosion of the road 
embankment has resulted in the formation a gully from the road into the wetland (Figure 
12-15).   
 
The approach to the enhancement of this borrow-pit will be the same as the approach in 
Borrow Pit 1.  The reshaping of the sides of the borrow-pit will result in gradients ranging 
between 1% and 12% around the central depression which will also be filled to create a flatter 
bottomed depression.  Further propagation of the gully will be prevented by reshaping the 
eastern slope of the borrow-pit down to a 1% grade and shaving the ground level on either 
side of the erosion gully down to the level of the bottom of the gully.  This way diffuse flows 
from the road will be encouraged.  The section of road that contributes to the hydrological 
and geomorphic functioning of this borrow-pit will also be sloped to have a 2% mono-camber 
facing the borrow-pit. 
 

 

Figure 12-15 Overview of the proposed rehabilitation strategy for Borrow Pit 2 
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12.3.3 Proposed enhancement strategy for Borrow Pit 3 

Like Borrow Pit 1 and 2, Borrow Pit 3 has similar problems associated with a deep depression 
and steep depression sides.  However, Borrow Pit 3 is significantly deeper and is limited in its 
capacity to be reshaped as much of the depression lies on exposed sandstone bedrock.  A 
management road is located directly to the north of the borrow-pit and is a source of 
sediment to the depression.  There are two distinctive depressions that will be enhanced in 
this rehabilitation site, and will eventually become two separate HGM units.   
 
Due to the limited reshaping potential in Borrow Pit 3, alternative sediment control and bank 
stabilisation methods are required to enhance this system.  A 20m wide terrace will be sloped 
to a 1% grade on the northern side of the borrow-pit and will be laterally lined with brush-
packs in 3m intervals to trap sediment mobilised from the road (Figure 12-16).  There is a 
large berm located to the south of the rehabilitation site which will be used as backfilling 
material if necessary. 
 

 

Figure 12-16 Overview of the proposed rehabilitation strategy for Borrow Pit 3 
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 Sequence of work 

It should be noted that the sequence of work of the proposed rehabilitation activities is critical 
and as such a phased approach is recommended.  It is therefore recommended that the 
following sequence is adopted.  

• Phase 1: 
o All in-system and catchment related earthworks; 
o Harvesting of all necessary material for brush-packing; 

• Phase 2: 
o Revegetation of the pans (if applicable); 

• Phase 3:  
o Reseeding and brush-packing of the disturbed areas.   

 
It should be noted that the proposed phased approach should be adopted for each of the 
wetlands and should be continuously implemented until completed.  This allows the threats 
posed by partial implementation to be minimised.  
 

 Estimated costs 

The following tables (Table 12-12 - Table 12-14) are estimated costs of the interventions 
based on bills of quantities included in the appendices, and rehabilitation work to be done 
for the eleven (11) sites.  It should be noted that these costs may change, and are 
preliminary values that can be used as a reference. 
 

Table 12-12 Cost summary of offset works 

Rehabilitation Site Cost Summary (R) 

Borrow Pit 1 169 113.46 

Borrow Pit 2 1 307 287.46 

Borrow Pit 3 355 093.97 

Grand Total 1 831 494.89 

 

Table 12-13 Summary of quantities for offset works (earthmoving) 

Rehabilitation 
Site 

Excavation 
(m³) 

Spoil Material 
(m3) 

Haulage (km) Earthen 
material (m³) 

Clay Liner 
Material (m3) 

Rehab 01 2 481.90  3.08  900.00 

Rehab 02 13 101.15 7 166.16 3.08 1934.99 360.00 

Rehab 03 3 259.73  11.88 3238.26 400.00 

Grand Total 18 842.78 7 166.16 18.04 5 173.25 1 660.00 
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Table 12-14 Summary of quantities for offset works (brush-packing/erosion control) 

Rehabilitation Site Brush-packing lengths 
(m) 

Rehab 01  

Rehab 02  

Rehab 03 149.00 

Grand Total 149.00 

 

 Wetland rehabilitation monitoring 

The following wetland rehabilitation monitoring framework was developed in accordance 
with the principles outlined in WET-RehabEvaluate (Cowden and Kotze 2009), with specific 
monitoring being recommended for the anticipated outputs and outcomes of the project.  
The monitoring includes the collection of baseline and routine monitoring information to 
enable the evaluation of the rehabilitation effectiveness at least five years after completion 
of the rehabilitation activities.  It should be noted that the following recommended 
monitoring is considered to be the minimum level of monitoring required to show 
rehabilitation effectiveness, and additional monitoring may be required by the relevant 
authorities (e.g. water quality, vegetation composition etc.). 
 

12.3.6.1 Monitoring of interventions 

The assessment of the structural integrity would be undertaken based on the specific criteria 
outlined in Table 12-15 and focus on the long-term stability of the interventions and the 
likelihood of achieving the stated objectives.  This assessment would serve to identify 
weaknesses or strengths of the selected interventions within the wetlands.  
 

Table 12-15 Criteria used for monitoring earthen structural integrity of wetland rehabilitation interventions  

(Modified from Cowden and Kotze 2009, p4740). 

Earthen structures/works:  

• Dimensions according to specifications 

• Authorised deviations from plan 

• Excessive settling of the soil (>10% of overall 
height) 

• Erosion on the bank 

• Establishment of vegetative cover 

• Scouring downstream 

• Evidence of outflanking 

• Adequate compaction of soil 

 
The majority of the rehabilitation interventions are considered to be ‘soft’ as none of them 
involve major earthworks or construction of any concrete or stone structures.  Brush-packing 
and potholing are temporary veld management measures designed to assist in veld 

 
40 It should be noted that Table 12.20 is currently under review through a current Water Research Commission 

project (K5/2344).  The project is aimed at providing a wetland rehabilitation monitoring and evaluation 

framework, which includes updating the structural integrity checklist.   
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regeneration processes.  Therefore, the majority of the monitoring required will need to be 
observation based.  Specific veld assessments can be carried out on a seasonal basis to assess 
the change in veld conditions in the post-rehabilitation landscape. 
 

12.3.6.2 Fixed point photography/site photographs 

Pre- and post-implementation photographs must be recorded for each rehabilitation site.  
These should be collected in the form of Fixed Point Photographs, as outlined in WET-
RehabEvaluate, to allow repeated monitoring to be undertaken. 
 

12.3.6.3 Wetland assessments 

The ecological integrity and functioning of the wetlands should be monitored with: 

• WET-Health and WET-EcoServices, collected during the planning process being 
used as the baseline; and 

• Subsequent monitoring being undertaken approximately five years after 
completion of the rehabilitation strategy, to provide the final assessment of the 
benefits and effectiveness of the rehabilitation activities. 

 

12.3.6.4 Wetland rehabilitation effectiveness 

All of the above-mentioned monitoring should be used to inform the evaluation of the 
effectiveness of the rehabilitation and enhancement.  This would be undertaken once the 
required monitoring information has been collected, five years following the completion of 
the wetland rehabilitation activities.  
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12.4 Appendix 4: Proposed Intervention Details for borrow pit sites 

 

Figure 12-17 Layout of borrow pit interventions  
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 Intervention A42J-006 

Intervention Type Earthworks 

Rehabilitation Objective 
Reshaping of existing quarry and revegetation 

to re-establish and optimize pan functioning. 

Latitude -23.62781371 S 

Longitude 27.55981462 E 

Designed By Trevor Pike, Keaton Parker 

Date February 2020 

Design Drawings A42J-006-01 

 

 

Figure A12-18 Location Photograph (A42J-006)  
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Bill of Quantities 

Item Unit Quantity 

Excavation m³ 2482 

Earthworks m³ 6372 

Clay liner m³ 900 

Revegetation m² 6000 

Fill material to be received from A42J-001 m³ 4000 

Haulage distance from A42J-001 km 1.3 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Backfill material to be compacted in 150mm layers; 

• Backfill material to be moistened to optimum moisture content to ensure optimum 
compaction; 

• Vegetation and topsoil is to be removed from the footprint of the quarry prior to its 
rehabilitation. The topsoil is to be spread and vegetation replanted on the side slopes 
of the quarry (vegetation is to be watered after removal and re-planting). Grass 
seeding of the slopes will be required if replanting the sods is unsuccessful; 

• The slope of the created pan is to be at 3% until it reaches an area of 2000m²;  

• A 450mm thick clay layer is to be placed over the footprint of the created pan to reach 
design level; 

• All slopes to be max 1:10 (V:H), unless otherwise specified; 

• Excess material required for sloping the sides of the quarry is to be taken from the 
excavation of intervention A42J-006; and 

• Material is to be transported using the road running alongside the intervention. 
 

 Intervention A42J-007 

Intervention Type Earthworks 

Rehabilitation Objective 
Reshaping of quarry and revegetation to re-

establish and optimize pan functioning. 

Latitude -23.61596521 S 

Longitude 27.55784247 E 

Designed By Trevor Pike, Keaton Parker 

Date February 2020 

Design Drawings A42J-007-01 
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Figure A12-19 Location Photograph (A42J-007) 

Bill of Quantities 

Item Unit Quantity 

Excavation m³ 13101 

Earthworks m³ 1935 

Clay liner m³ 360 

Revegetation m² 5500 

Material to be moved to A42J-001 m³ 4000 

Haulage distance to A42J-001 km 1.3 

Spoil material m³ 7166 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem. 

• Backfill material to be compacted in 150mm layers 

• Backfill material to be moistened to optimum moisture content to ensure optimum 
compaction 

• Vegetation and topsoil is to be removed from the footprint of the quarry prior to its 
rehabilitation. The topsoil is to be spread and vegetation replanted on the side slopes 
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of the quarry (vegetation is to be watered after removal and re-planting). Grass 
seeding of the slopes will be required if replanting the sods is unsuccessful; 

• The slope of the created pan is to be at 3% until it reaches an area of 800m²;  

• A 450mm thick clay layer is to be placed over the footprint of the created pan to reach 
design level; 

• All slopes to be max 1:10 (V:H), unless otherwise specified; 

• Excess cut material to be used for intervention A42J-006; 

• Material is to be transported using the road running alongside the intervention;  and 

• All excess cut material to be used for other interventions where needed or spoiled 
appropriately. 

 

 Intervention A42J-008  

Intervention Type Earthworks and Brush-packing 

Rehabilitation Objective 

Reshaping of quarry and revegetation to re-

establish and optimize pan functioning. Brush-

packs along created terrace for sediment 

control 

Latitude -23.60174243 S 

Longitude 27.52350469 E 

Designed By Trevor Pike, Keaton Parker 

Date February 2020 

Design Drawings A42J-008-01 

 

 

Figure A12-20 Location Photograph (A42J-008) 
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Bill of Quantities 

Item Unit Quantity 

Excavation m³ 3260 

Earthworks m³ 3238 

Clay Liner m³ 400 

Number of 2m long brush-pack bundles No. 150 

Area of loose brush-packing m² 1940 

750mm Wooden Pegs no. 100 

3mm steel wire  m 281 

Revegetation m² 2740 

Haulage distance from future mining if needed km 17.88 

Construction Notes 

The following construction notes apply to the proposed intervention: 

• The contractor is to inform the engineer if site conditions have changed and that the 
intervention no longer adequately addresses the problem; 

• Backfill material to be compacted in 150mm layers; 

• Backfill material to be moistened to optimum moisture content to ensure optimum 
compaction; 

• Vegetation and topsoil is to be removed from the footprint of the quarry prior to its 
rehabilitation. The topsoil is to be spread and vegetation replanted in the footprint 
area (vegetation is to be watered after removal and re-planting). Grass seeding of the 
berm will be required if replanting the sods is unsuccessful; 

• All slopes to be no steeper than a 1:5 (V:H) slope, unless otherwise specified; 

• The slope of the created pan is to be at 5% until it reaches an area of 800m²;  

• A 450mm thick clay layer is to be placed over the footprint of the created pan to reach 
design level; and 

• Before brush-packing, loosen soil and scarify paths, then seed area and brush-pack 
over seed. 

 



Exxaro Coal (Pty) Ltd Grootegeluk Consolidated EMPR 

21-0835 September 2022 Page 268 

APPENDIX D: STORMWATER MANAGEMENT PLAN(S) 
1. Grootegeluk Stormwater Management Plan (Golder Associates, November 2012) 
2. Stormwater Regional Master Plan, Revision 2 (Delta, April 2015) 
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1.0 INTRODUCTION 
Golder Associates Africa (GAA) was requested to develop the stormwater management plan for the 
Grootegeluk Coal Mine. Department of Water Affairs (DWA) requires that all mines design, construct, 
maintain and operate independent clean and dirty water systems so that they are not likely to spill more than 
once in 50 years (National Water Act, 1998). The mine has also requested that the stormwater management 
plan meet the Environmental, Health, and Safety (EHS) Guidelines set by the World Bank Group. These 
guidelines state that permanent independent drainage installations should be designed so that they are not 
likely to spill more than once in 100 years. 

Therefore the clean and dirty water catchments were identified and the surface water runoff originating from 
these areas kept separate, with the clean water runoff being diverted into the environment and the dirty 
water being collected on-site. The stormwater channels were sized for both the 1 in 50 and 1 in 100 year 
recurrence interval flood peaks. 

2.0 SITE DESCRIPTION 
The site is situated in the Limpopo Plain climate zone (Kleynhans et al. 2005).  This climate zone is 
characterized by plains and lowlands, with low to moderate relief. The vegetation consists mostly of 
Bushveld and Mopane Veld. There are no perennial streams originating within the area itself, however 
perennial rivers that traverse the region include the Crocodile (West), Marico, Mokolo, Lephalala and 
Mogalakwena. The general lay out of the site can be seen in Figure 1, the figure illustrates the type of 
infrastructure and land usage occurring on the mine site. 

The Grootegeluk mine is located within the A42J Quaternary catchment (Figure 2). The Rainfall Depths were 
extracted from the closest weather station obtained from the Design Rainfall Estimation Program (details 
given in Table 1) (Smithers et al. 2002). The selection of station 0674100_W (Grootgeluk Station) is based 
on the fact that this is the closest station to the study area with a reliable record. The rainfall distribution on 
site is classified as a type 3 design rainfall distribution. 

Table 1: Mean annual precipitation and the relevant rainfall station 

Name of rainfall 
station 

Rainfall 
station 
number 

Distance 
(km) 

Latitude 
(°)(‘) 

Longitude 
(°)(‘) 

Record 
(Years) MAP(mm) 

Grootgeluk 0674100_W 3.4 23° 40‟ 27° 34‟ 95 428 

 

The 24 hour storm rainfall depths for both the 1 in 50 and 1 in 100 year recurrence intervals at the South 
African Weather Service (SAWS) Station 0674100_W (Grootgeluk Station) was abstracted from the 
database. The depths are presented in Table 2. 

Table 2: 24 hour storm rainfall depths (mm) for the 50 year and 100 year recurrence intervals 
Return Period (Years) 1 in 50  1 in 100 

Rainfall Depth (mm) 157 179 
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Figure 1: Grootegeluk Mine Layout 
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Figure 2: The Grootegeluk mine is located within the A42J Quaternary Catchment 
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3.0 STORMWATER MANAGEMENT SYSTEM 
3.1 Description of Current Stormwater Management System 
There are currently no formal clean and dirty water separation systems in place, with all runoff from mine 
infrastructure areas being treated as dirty water and contained for re-use. In terms of dirty water 
management, Grootegeluk Mine has partial compliance with Regulation 704 (1999), given that there is 
collection of water in the open pit, from the top of the slimes dam and around the plant and Blending Bed 
areas.  

The stormwater originating from Dumps 1,2,3,4 and 5 is diverted to the pit via the road system. The 
stormwater from the Renoster & Tyre Dump is not included in the current stormwater management system, 
the Renoster Dump consist out of overburden which has very little to no carbonaceous material.  The 
stormwater captured here is diverted from entering the pit via berms; the remaining clean storm water is 
allowed to disperse into the environment. The surface water runoff generated by the Tyre Dump which has 
been rehabilitated will be channelled as clean storm water into the environment. 

Stormwater generated by the processing plant and its surrounding areas is diverted by stormwater channels 
to the pit area via the WP slimes pits, any overflows are channelled to the Olifantskop Dam. The stormwater 
runoff from the stockpile areas is diverted by stormwater channels to the Bosbok dam previously known as 
Dam 20 000. The current stormwater management system is illustrated in Figure 4. 

However, other sources, such as runoff from the waste rock residue facilities, seepage from the slimes dams 
and historical overflows from the storm water dams, are currently collected in inadequate conveyance 
channels and storage facilities.  

The following aspects were not compliant with Regulation 704: 

 There was no evidence of the design and construction of a proper clean water system in accordance 
with the specified design requirements; 

 Storm water systems within the plant area are insufficiently sized in places to cater for 1 in 50 year 
recurrence interval event.  The capacity of the storm water system is also significantly reduced due to 
accumulation of coal fines and other sediment in the channels and require replacement where 
degraded;  

 The lack of implementation of adequate measures to contain contaminated surface water runoff from 
Dumps 1,2,3,4 and 5; and 

 The lack of implementation of adequate measures to prevent seepage from Buffer Dam and Olifantskop 
Dam which receives effluent from the processing plant and stormwater from surrounding areas. 

3.2 Description of Proposed Stormwater Management System 
The site wide framework for this work is to separate the clean and dirty catchments. The clean water runoff 
being generated from the upslope clean water catchments will be diverted away from the area producing 
dirty water as seen in Figure 5. 

The dirty water generated from the mine infrastructure will be sized to convey the flood peak generated by 
the 24 hour storm event with a 1 in 50 and 1 in 100 year recurrence interval. The analysis was carried out 
using PCSWMM (advanced modelling software for stormwater management). The proposed changes to the 
system are listed below:  

 The current dirty water conveyance system at the plant will be resized so as to include the surface 
water runoff from Dumps 1,2,3,4 and 5 as well as GG 7 and 8. This water will be conveyed via the WP 
to in-pit outflow channel to the in-pit storage facility on Bench 11.  The capacity of Bench 11 is 188 000 
m3 (obtained from Grootegeluk Mine Water Balance 2010), which is large enough to hold the 50 year 
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event.  The overflow water coming from the plant area in a 1:50 year flood event which is not canalized 
to the Pit will then end up in the Olifantskop dam. 

 The stormwater originating from Dump 6 will be collected in the planned “Dump 6 to open pit cut-off 
trench” that will convey the dirty stormwater to the pit.  This channel will then also be the barrier 
between the dirty and clean water area on the southern side of the mining activity. . 

 The stormwater and subsurface water originating from the stockpile beds and draining system is 
collected in a surface sump.  From here the water is pumped back to the plants for re-use, the overflow 
from the sump is diverted the Bosbok dam by means of diversion channels. The current capacity of the 
Bosbok dam is 112 000 m3 (excluding the 6 000 m3 Silt trap) (according to the Bosbok dam 
Engineering Report).  

The clean water from upslope will be diverted by means of cut-off trenches and diversion berms; this reduces 
the need for on-site water storage and, consequently, minimizes the risk of spillage into the dirty water 
system. Diversion berms are currently in place along the perimeter of the pit and will also be implemented  
along the perimeter of Slimes Dams 1, 2, 3 and 5 to divert the clean surface water runoff.  Where possible 
the clean water system will be sized to convey the flood peak generated by the 24 hour storm event with a 1 
in 50 and 1 in 100 year recurrence interval. 

3.3 Catchment Characteristics 
The discretisation into subcatchments is based on the topography of the Grootegeluk mine area. The 
parameters used to model the overland and channel flow are shown in Table 3. Manning‟s „n‟ coefficient 

used in the model for the impervious areas and pervious areas were 0.013 and 0.15 respectively. The layout 
of both the clean and dirty water catchments is shown in Figure 3 below. A geotechnical investigation was 
carried out by Jones and Wagner (Report No.: JW166/06/A621, Summary of Technical Design Report), in 
which the soils were identified to be in the sandy to loamy sand group. The model uses these criteria to 
incorporate infiltration into the analysis using the Green-Ampt infiltration method. The sandy to loamy sand 
group resulted in a Suction head of 55.4 mm, a Hydraulic conductivity of 100 mm/hr and an Initial deficit of 
0.25 being implemented into the model. However to account for the high impermeability of the Grootegeluk 
pit a suction head of 316.3 mm, a hydraulic conductivity of 0.6 mm/hr and an initial deficit of 0.25 was 
implemented into the model. The infiltration parameters are presented in Table 3. 
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Table 3: Catchment parameters used in the modelling of the overall stormwater management plan 
 Green-Ampt Infiltration Parameters 

Name Description Area (ha) 
Flow Length 
(m) Slope (%) % Imperv (%) 

Suction Head 
(mm) 

Conductivity 
(mm/hr) 

Initial Deficit 
(fraction) 

CAT1 Dirty 104.77 666.76 9 0 55.4 100 0.25 

CAT2 Dirty 221.06 221.41 10 0 55.4 100 0.25 

CAT3 Dirty 36.42 196.91 8 0 55.4 100 0.25 

CAT4 Dirty 93.86 948.58 14 0 55.4 100 0.25 

CAT5 Dirty 123.34 361.25 8 0 55.4 100 0.25 

CAT6 Dirty 101.76 392.66 8 0 55.4 100 0.25 

CAT7 Dirty 74.18 309.12 9 0 55.4 100 0.25 

CAT8 Dirty 33.88 538.22 1.5 10 55.4 100 0.25 

CAT9 Dirty 46.76 49.98 20 5 55.4 100 0.25 

CAT10 Dirty 15.71 20.54 1.5 10 55.4 100 0.25 

CAT11 Dirty 8.83 26.62 1 80 55.4 100 0.25 

CAT12 Dirty 19.23 157.65 1 80 55.4 100 0.25 

CAT13 Dirty 24.07 249.66 1 85 55.4 100 0.25 

CAT14 Dirty 15.83 250.96 1 60 55.4 100 0.25 

CAT15 Dirty 8.22 213.01 14 0 55.4 100 0.25 

CAT16 Dirty 11.56 262.48 14 0 55.4 100 0.25 

CAT17 Dirty 10.74 164.78 14 0 55.4 100 0.25 

CAT18 Dirty 19.29 88.52 12 0 55.4 100 0.25 

CAT19 Dirty 54.93 26.23 8 0 316.3 0.6 0.25 

CAT20 Dirty 51.68 196.38 22 0 316.3 0.6 0.25 

CAT21 Dirty 29.59 222.67 60 0 316.3 0.6 0.25 
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 Green-Ampt Infiltration Parameters 

Name Description Area (ha) 
Flow Length 
(m) Slope (%) % Imperv (%) 

Suction Head 
(mm) 

Conductivity 
(mm/hr) 

Initial Deficit 
(fraction) 

CAT22 Dirty 10.98 33.28 57 0 316.3 0.6 0.25 

CAT23 Dirty 55.01 137.88 4 0 316.3 0.6 0.25 

CAT24 Dirty 24.58 23.74 9 0 316.3 0.6 0.25 

CAT25 Dirty 37.15 721.96 16 0 55.4 100 0.25 

CAT26 Dirty 29.50 27.64 16 0 55.4 100 0.25 

CAT27 Dirty 32.83 183.85 1 0 316.3 0.6 0.25 

CAT28 Dirty 265.06 94.11 7 0 316.3 0.6 0.25 

CAT29 Dirty 124.52 1337.71 7 0 316.3 0.6 0.25 

CAT30 Dirty 53.30 1567.61 1 0 316.3 0.6 0.25 

CAT31 Dirty 1.52 255.80 65 0 55.4 100 0.25 

CAT32 Dirty 6.79 1543.86 4 0 55.4 100 0.25 

CAT33 Dirty 0.72 238.94 75 0 55.4 100 0.25 

CAT34 Dirty 3.87 269.64 3 0 55.4 100 0.25 

CAT35 Dirty 3.45 582.12 4 0 55.4 100 0.25 

CAT36 Dirty 2.31 193.16 5 0 55.4 100 0.25 

CAT37 Dirty 15.47 311.91 3 0 55.4 100 0.25 

CAT38 Dirty 6.21 575.52 8 0 55.4 100 0.25 

CAT39 Dirty 8.80 858.07 0.5 0 55.4 100 0.25 

CAT40 Dirty 18.96 588.58 4 0 55.4 100 0.25 

CAT41 Dirty 3.33 194.52 71 0 55.4 100 0.25 

CAT42 Dirty 7.17 714.22 4 0 55.4 100 0.25 

CAT43 Dirty 2.02 33.28 75 0 55.4 100 0.25 
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 Green-Ampt Infiltration Parameters 

Name Description Area (ha) 
Flow Length 
(m) Slope (%) % Imperv (%) 

Suction Head 
(mm) 

Conductivity 
(mm/hr) 

Initial Deficit 
(fraction) 

CAT44 Dirty 0.97 491.67 33 0 55.4 100 0.25 

CAT45 Dirty 3.98 631.70 0.5 0 55.4 100 0.25 

CAT46 Dirty 0.49 218.84 55 0 55.4 100 0.25 

CAT47 Dirty 4.26 708.01 2 0 55.4 100 0.25 

CAT48 Dirty 3.57 266.25 3 0 55.4 100 0.25 

CAT49 Dirty 1.28 626.20 55 0 55.4 100 0.25 

CAT50 Dirty 39.42 669.64 7 0 55.4 100 0.25 

CAT51 Dirty 31.66 116.99 8 0 55.4 100 0.25 

CAT52 Dirty 16.88 155.37 10 0 55.4 100 0.25 

CAT53 Clean 331.41 1729.34 1 0 55.4 100 0.25 

CAT54 Clean 284.08 557.24 1.5 0 55.4 100 0.25 

CAT55 Clean 440.99 484.68 1.5 0 55.4 100 0.25 

CAT56 Clean 312.17 126958.76 2.8 0 55.4 100 0.25 

CAT57 Clean 153.86 20393.34 1.5 0 55.4 100 0.25 

CAT58 Clean 88.42 14024.46 1.8 0 55.4 100 0.25 

CAT59 Clean 61.24 1224.80 2 70 55.4 100 0.25 

CAT60 Clean 97.39 1947.80 0.2 0 55.4 100 0.25 
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Figure 3: The location and extent of the clean and dirty water subcatchments 
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3.4 Modelling and sizing of the proposed infrastructure 
The PCSWMM model was used as the flood analysis model. PCSWMM is a dynamic rainfall-runoff 
simulation model used for single event or long-term simulation of runoff quantity. This model was set up for 
the site and used to size the conveyance structures for separation of clean and dirty stormwater runoff. 

Simulated runoff volumes and flood peaks are summarised in Table 4for the 50 and 100 year recurrence 
interval storm events. These volumes were used to check the capacities of the pollution control dams; this is 
however based on the assumption that the dams will only contain stormwater.  

All diversion channels have been sized to divert the clean and dirty water runoff for the 50 year return period 
flood peak as per Regulation 704 of the National Water Act (shown in Table 5), as well as the 100 year 
return period as per the EHS Guidelines set by the World Bank Group (shown in Table 6). A freeboard of 
0.3 m was included. Sizes of the structures are given in Table 5 and Table 6. The proposed clean and dirty 
water diversion channel layout can be seen in Figure 4. The Manning‟s roughness assumed for the channels 

were 0.035 (Vegetation lined channels) and 0.013 (concrete lined channels) (Hicks et al. 1998). 

Table 4: Simulated 50 and 100 year recurrence interval flood peaks and volumes 
 1 in 50 1 in 100 

Name Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

CAT1 8.08 9049 11.57 14321 
CAT2 41.23 40118 56.99 59017 
CAT3 6.47 6111 8.87 8884 
CAT4 8.66 12627 13.44 22059 
CAT5 14.72 15176 20.74 23042 
CAT6 11.41 11920 16.13 18219 
CAT7 12.87 16123 18.54 25955 
CAT8 4.12 7049 5.00 8882 
CAT9 24.86 15860 31.04 20331 
CAT10 7.78 6240 9.78 7837 
CAT11 7.49 11644 8.61 13322 
CAT12 14.19 25088 16.51 28746 
CAT13 16.99 32942 19.81 37672 
CAT14 8.65 15839 10.14 18330 
CAT15 1.62 1505 2.23 2153 
CAT16 2.04 1933 2.81 2812 
CAT17 2.57 2167 3.50 3050 
CAT18 6.62 4595 8.77 6263 
CAT19 46.86 64302 53.80 75035 
CAT20 32.03 60205 37.62 70343 
CAT21 20.61 34545 24.04 40345 
CAT22 9.80 12840 11.19 14980 
CAT23 27.91 63828 33.14 74638 
CAT24 21.27 28772 24.38 33572 
CAT25 3.40 3690 4.84 5756 
CAT26 16.83 8700 20.74 11273 
CAT27 10.95 37549 13.16 44049 
CAT28 173.42 309096 203.04 361076 
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 1 in 50 1 in 100 

Name Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

Peak Runoff 
(m³/s) 

Total Runoff 
Volume (m3) 

CAT29 22.15 137765 27.19 162702 
CAT30 4.08 52820 5.07 63161 
CAT31 0.46 442 0.62 661 
CAT32 0.17 218 0.25 370 
CAT33 0.39 483 0.57 755 
CAT34 0.40 423 0.56 652 
CAT35 0.21 246 0.30 396 
CAT36 0.41 458 0.58 721 
CAT37 1.49 1734 2.13 2788 
CAT38 0.53 620 0.76 1002 
CAT39 0.14 188 0.21 324 
CAT40 1.15 1339 1.66 2160 
CAT41 1.44 1682 1.99 2654 
CAT42 0.37 437 0.53 713 
CAT43 1.27 832 1.55 1198 
CAT44 0.17 194 0.24 309 
CAT45 0.09 112 0.13 191 
CAT46 0.19 236 0.27 383 
CAT47 0.16 198 0.23 329 
CAT48 0.37 393 0.53 605 
CAT49 0.31 423 0.48 694 
CAT50 2.72 3107 3.91 4962 
CAT51 7.92 6528 10.76 9158 
CAT52 3.72 3274 5.10 4636 
CAT53 3.81 5081 5.58 8850 
CAT54 11.65 14269 16.92 23622 
CAT55 20.54 24786 29.76 40719 
CAT56 0.08 116 0.13 206 
CAT57 0.19 259 0.28 460 
CAT58 0.17 236 0.26 419 
CAT59 28.37 68581 33.40 78691 
CAT60 0.45 615 0.67 1085 
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Figure 4: The current dirty water diversion channel layout 
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Figure 5: The proposed clean and dirty water diversion channel layout 
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Table 5: Dimensions of the clean and dirty water runoff collection channels for the 1:50 year return period 

Name Length (m) Roughness Cross-Section Height (m) Bottom 
Width (m) 

Left Slope 
(1:H) 

Right 
Slope 
(1:H) 

Slope of 
conduit 
(m/m) 

Maximum 
Flow (m³/s) 

Maximum 
Velocity 
(m/s) 

CH1 5354 0.035 TRAPEZOIDAL 2.3 2 2 2 0.010 28.74 3.50 
CH2 446 0.035 TRAPEZOIDAL 2 2.5 2 2 0.029 40.86 4.67 
CH3 5423 0.035 TRAPEZOIDAL 1.8 2 2 2 0.007 15.11 5.55 
CH5 803 0.035 TRAPEZOIDAL 0.8 1 2 2 0.010 1.40 2.45 
CH6 763 0.035 TRAPEZOIDAL 0.8 1 2 2 0.010 1.78 2.62 
CH7 947 0.035 TRAPEZOIDAL 0.8 1 2 2 0.011 2.09 2.73 
CH8 1182 0.035 TRAPEZOIDAL 1.2 1 2 2 0.010 4.82 4.15 
CH9 2269 0.035 TRAPEZOIDAL 1 1 2 2 0.010 2.67 3.97 
CH10 1532 0.035 TRAPEZOIDAL 1.3 1 2 2 0.010 6.03 4.21 
CH11 652 0.035 TRAPEZOIDAL 0.8 0.5 2 2 0.010 0.16 1.42 
CH12 513 0.035 TRAPEZOIDAL 0.8 0.5 2 2 0.010 0.14 1.20 
CH20 294 0.013 TRAPEZOIDAL 0.8 1 2 2 0.010 7.44 4.33 
CH21 213 0.013 TRAPEZOIDAL 1.5 1.5 2 2 0.010 40.95 4.67 
CH22 132 0.013 TRAPEZOIDAL 1 1 2 2 0.010 7.37 4.30 
CH23 409 0.013 TRAPEZOIDAL 1.5 1.5 2 2 0.010 41.53 4.63 
CH24 229 0.013 TRAPEZOIDAL 1 1 2 2 0.010 42.33 3.24 
CH25 468 0.013 TRAPEZOIDAL 1.5 1.5 2 2 0.010 41.46 3.64 
CH26 561 0.013 TRAPEZOIDAL 1.2 1 2 2 0.010 35.36 2.86 
CH27 205 0.013 TRAPEZOIDAL 1.5 2 2 2 0.010 41.45 4.62 
CH28 457 0.013 TRAPEZOIDAL 1.4 1.5 2 2 0.010 34.16 3.38 
CH29 572 0.013 TRAPEZOIDAL 1.4 1.5 2 2 0.010 33.39 5.34 
CH30 268 0.013 TRAPEZOIDAL 1.4 1.5 2 2 0.031 53.99 4.81 
CH31 1201 0.013 TRAPEZOIDAL 1 0.8 2 2 0.010 10.21 3.63 
CH32 460 0.013 TRAPEZOIDAL 1.2 1 2 2 0.010 8.23 4.48 
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Name Length (m) Roughness Cross-Section Height (m) Bottom 
Width (m) 

Left Slope 
(1:H) 

Right 
Slope 
(1:H) 

Slope of 
conduit 
(m/m) 

Maximum 
Flow (m³/s) 

Maximum 
Velocity 
(m/s) 

CH33 519 0.013 TRAPEZOIDAL 1.5 2 2 2 0.035 42.53 4.52 
CH34 1248 0.035 TRAPEZOIDAL 1 1 2 2 0.010 2.17 2.79 
CH35 1875 0.035 TRAPEZOIDAL 2 1.5 2 2 0.018 24.18 3.81 
CH36 984 0.035 TRAPEZOIDAL 1 1 2 2 0.030 15.32 4.26 
CH41 1143 0.035 TRAPEZOIDAL 1 1 2 2 0.011 0.13 1.32 
CH42 635 0.035 TRAPEZOIDAL 1 1 2 2 0.030 0.42 1.64 
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Table 6: Dimensions of the clean and dirty water runoff collection channels for the 1:100 year return period 

Name Length (m) Roughness Cross-Section Height (m) Bottom 
Width (m) 

Left Slope 
(1:H) 

Right 
Slope 
(1:H) 

Slope of 
conduit 
(m/m) 

Maximum 
Flow (m³/s) 

Maximum 
Velocity 
(m/s) 

CH1 5354 0.035 TRAPEZOIDAL 2.5 2.2 2 2 0.010 39.01 4.80 
CH2 446 0.035 TRAPEZOIDAL 2 2.5 2 2 0.029 62.16 5.18 
CH3 5423 0.035 TRAPEZOIDAL 2.2 2 2 2 0.007 24.75 4.36 
CH5 803 0.035 TRAPEZOIDAL 0.8 1 2 2 0.010 1.94 2.30 
CH6 763 0.035 TRAPEZOIDAL 0.8 1 2 2 0.010 2.49 2.42 
CH7 947 0.035 TRAPEZOIDAL 0.8 1 2 2 0.011 2.86 3.12 
CH8 1182 0.035 TRAPEZOIDAL 1.2 1.2 2 2 0.010 6.41 3.65 
CH9 2269 0.035 TRAPEZOIDAL 1 1 2 2 0.010 3.62 4.22 
CH10 1532 0.035 TRAPEZOIDAL 1.3 1.3 2 2 0.010 7.99 4.22 
CH11 652 0.035 TRAPEZOIDAL 0.8 0.5 2 2 0.010 0.23 1.46 
CH12 513 0.035 TRAPEZOIDAL 0.8 0.5 2 2 0.010 0.20 1.17 
CH20 294 0.013 TRAPEZOIDAL 1 1 2 2 0.010 9.25 3.34 
CH21 213 0.013 TRAPEZOIDAL 1.7 1.7 2 2 0.010 42.09 4.89 
CH22 132 0.013 TRAPEZOIDAL 1 1 2 2 0.010 8.46 3.23 
CH23 409 0.013 TRAPEZOIDAL 1.7 1.7 2 2 0.010 41.43 4.84 
CH24 229 0.013 TRAPEZOIDAL 1 1 2 2 0.010 35.23 3.26 
CH25 468 0.013 TRAPEZOIDAL 1.7 1.7 2 2 0.010 41.47 4.84 
CH26 561 0.013 TRAPEZOIDAL 1.2 1 2 2 0.010 40.63 4.63 
CH27 205 0.013 TRAPEZOIDAL 1.8 2 2 2 0.010 41.46 4.82 
CH28 457 0.013 TRAPEZOIDAL 1.6 1.5 2 2 0.010 34.35 4.68 
CH29 572 0.013 TRAPEZOIDAL 1.5 1.5 2 2 0.010 29.59 4.52 
CH30 268 0.013 TRAPEZOIDAL 1.4 1.5 2 2 0.031 44.96 3.50 
CH31 1201 0.013 TRAPEZOIDAL 1 0.8 2 2 0.010 22.34 5.10 
CH32 460 0.013 TRAPEZOIDAL 1.2 1 2 2 0.010 9.51 3.40 
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Name Length (m) Roughness Cross-Section Height (m) Bottom 
Width (m) 

Left Slope 
(1:H) 

Right 
Slope 
(1:H) 

Slope of 
conduit 
(m/m) 

Maximum 
Flow (m³/s) 

Maximum 
Velocity 
(m/s) 

CH33 519 0.013 TRAPEZOIDAL 1.5 2 2 2 0.035 44.11 4.72 
CH34 1248 0.035 TRAPEZOIDAL 1 1 2 2 0.010 3.49 3.44 
CH35 1875 0.035 TRAPEZOIDAL 2 1.5 2 2 0.018 29.95 5.89 
CH36 984 0.035 TRAPEZOIDAL 1 1 2 2 0.030 20.16 4.23 
CH41 1143 0.035 TRAPEZOIDAL 1 1 2 2 0.011 0.20 1.46 
CH42 635 0.035 TRAPEZOIDAL 1 1 2 2 0.030 0.65 1.92 
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The clean water runoff being generated from the upslope clean water catchments will be diverted away from 
the area producing dirty water, in accordance with Regulation 704 of the National Water Act. The clean water 
from upslope will be diverted by means of stormwater diversion berms (a height of 1 m will be sufficient). 
Figure 6 below illustrates how construction of berms will allow the clean water to be diverted from areas 
which may contaminate it. The berms are placed so that the natural topography will allow the clean surface 
water runoff to be diverted away from the mine area. 

 
Figure 6: Clean water management plan implementing diversion berms to redirect water away from the mine area 

4.0 WATER MONITORING PLAN 
4.1 Objectives 
As per DWA (2006), the most common environmental management actions require data and thus the 
objectives of water monitoring include: 

 Development of environmental and water management plans based on incident and impact monitoring 
which facilitates decision making and serves as an early warning system to allow remedial measures 
and subsequent actions to be taken for the mine and region. 

 Generation of baseline / background data before the project implementation phase. 

 Identifying the sources of pollution and the extent thereof, which constitutes legal implications or 
liabilities associated with risks of contamination, moving off site from the current mining operations or 
activities. 

 Monitoring of water usage (including downstream and upstream) by various users. This also implies 
costs in usage of water and water re-use activities and potentials. 

 Verification and calibration of various prediction and assessment models. This includes planning for 
decommissioning and closure pertaining to financial provisions and required actions. 

 Assessment of compliance with set standards and legislation such as Integrated Water Use licenses, 
Environmental Management Plans, etc. 

 Assessment of the impacts of the mining operation and activities on the receiving water environment. 
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 Quantification of waste discharge changes. 

The water quality monitoring system should therefore be designed so as to allow for remedial action and for 
sustainable water management. 

4.2 Potential point of diffuse source of pollution 
4.2.1 Point sources 
The following sources have been identified as potential point sources of pollution: 

 Pit decant; and Pollution control dam spillage. 

4.2.2 Diffuse sources 
The following sources have been identified as potential diffuse sources of pollution: 

 Pollution control dam seepage; 

 Discard dump seepage; 

 Slimes Dams seepage; 

 Dust; and 

 Dirty water area runoff. 

4.2.3 Description of Surface water monitoring points 
The location of the proposed monitoring points is presented in Figure 7 and Figure 8. 

 
Figure 7: Figure 7: Surface water monitoring points 
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Figure 8: Borehole water monitoring points 

4.2.4 Parameters to be measured 
The key indicators of pollution from a coal mine have been identified and are presented in Table 7. 

Table 7: Water Quality variables to be measured 
Key Indicators  
pH 
EC 
TDS 
Ca 
Na 
SO4 
NH4 
NO3 
Cl 
Mg 
Fe 
F 
B 
Al  
Mn 
Suspended Solids 
P 
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Key Indicators  
K 
Phenols (Char plant only) 

 

The monitoring points with their monitoring details are presented in Table 8. 

Table 8: Description of monitoring points and frequency of water quality measurements 

Monitoring Point ID Description Frequency of Water 
Quality Measurement 

BSB Bosbok dam Monthly 
CNL Canal near new laboratory area Monthly 
CTL Control sample (tap water for analysis reference) Monthly 
CWS Central workshop dam Monthly 
D6D Dam near dump 6 Monthly 
GEO Geo-hydrological membrane cut off trench  Monthly 
MMB Mamba dam Monthly 
OLI Oliphantskop dam Monthly 
PSP Product stockpile point Monthly 
PSS Pit service station point Monthly 
PWD Pool workshop dam Monthly 
TDB Total depot bridge point Monthly 
VTJ Voeltjie Dam Monthly 
CHA Char Plant Dam Monthly 
PIT Bench 11 Monthly 
OXI Oxidation Dams  Monthly 
 

5.0 CONCLUSIONS 
The stormwater management plan described in this report has been developed to meet the requirements of 
Regulation 704 of the National Water Act by: 

 Confinement of any unpolluted water to a clean water system; away from possible contamination; 

 Collection of water  arising within dirty water areas into a dirty water system; and 

 Sizing of both the clean and dirty water systems so that it is not likely to spill more than once in 
50 years. 

Should Grootegeluk in future be required to meet the EHS Guidelines set by the World Bank Group, it will 
entail the resizing of the stormwater diversion channels so that the system will not spill more than once in a 
100 year.  

The assessment provided in this report shows that the storage facilities can store the runoff volume for the 
50 year, 24 hour rain event. However the site wide water management model needs to be applied to check 
on the sizes of the pollution control dams. 
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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 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 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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Grootegeluk Stormwater Master Plan 

1 INTRODUCTION 

 BACKGROUND 1.1

Exxaro Resources (Ltd) is in the process of expanding its mining operations in the 
Lephalale district of the Limpopo Province. As part of the expansions, the 
Grootegeluk mine has been upgraded significantly to increase its production, and 
the Grootegeluk Medupi Expansion Project has seen major infrastructure 
upgrades already completed on the mine that is geared towards the main aim of 
producing 14.6 million tonnes of coal by 2014. 

Infrastructure expansion in the Waterberg District is increasing to take full 
advantage of the major coal reserves of the area, and in addition to the Exxaro 
developments, there will be other major infrastructure developments in the 
region. These developments will have a major impact on the current and future 
stormwater run-off in the area, and will have a significant impact on the 
environmental surroundings. 

Delta Built Environment Consultants (herein after referred to as Delta BEC) was 
appointed by Exxaro Resources (Ltd) to complete a study and report on the 
expected greater stormwater master plan pertaining to the Grootegeluk mining 
operations and its effect on the surrounding areas, as well as the dangers of 
flooding and infiltration of overland stormwater into the mining area.  

 PURPOSE OF REPORT 1.2

The details included in this report aims to provide a synthesized lookout on the 
stormwater management for the Grootegeluk mine and its surrounding areas. The 
report will provide clarity on the existing stormwater management systems in 
place for the internal operations of the mine, the expected regional stormwater 
flow regions, as well as the effect of the expected storm flow on the surrounds. 

Areas will be classified in their appropriate categories to support the water use 
licence legislation and the report will act as guidance for possible future 
developments, problems and challenges associated with Grootegeluk mine and its 
immediate surrounding areas. The main purpose of this report is to enable 
Grootegeluk mine to effectively and pre-emptively plan for future flood 
occurrences. 

 STRUCTURE OF REPORT 1.3

The report comprises the following sections: 

 Section 2:  Hydrological characteristics 

 Section 3: Stormwater run-off methodology 

 Section 4:  Site specific stormwater master plan 

 Section 5:  Conclusion. 
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2 HYDROLOGICAL CHARACTERISTICS  

 INTRODUCTION 2.1

Grootegeluk mine is situated in the Limpopo (A) primary drainage region. The 
majority of the stormwater run-off generated in this area drains into the Limpopo 
River, bordering the northern part of this region and spills out into the Indian 
Ocean. On a quaternary drainage level, the mine is situated in the A42J drainage 
basin as displayed in Figure 2-1 and Figure 2-2. The prominent river sections 
surrounding the site are the following: 

 Sandloop River 

 Mokolo River 

 Limpopo River. 

In this quaternary region, the Mokolo River is the major stormwater conveyance 
system. 

 

Figure 2-1 Quaternary catchment location on RSA map 
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Figure 2-2 Quaternary catchment 

 

The stormwater run-off from the Lephalale area surrounding the mine can be 
described as a flat drainage basin with the area renowned for the underground 
movement of water and rivers. The permeable soil type, relatively low yearly 
rainfall as well as the topography of the area results in very few distinct perennial 
water streams running through the area.   

 REGIONAL TOPOGRAPHY 2.2

The region has a uniform relief, relatively flat with a slope of about 0.8% (1 m 
vertical variation in a horizontal distance of 127 m). The regional contour plan 
received from GIS data indicated a variation in level of 1 200 m to 781 m above 
mean sea level for the study area as seen in Figure 2-3.  

As seen in the figure below, the terrain is of a very flat nature. The contours 
displayed are at 10 m intervals. 
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Figure 2-3 Quaternary area displaying contours 

 

The drainage basin has a watershed that separates it into two distinct east-west 
drainage areas, with very little evidence from the contour map of concentrated 
flows in the form of defined streams. The deep, unconsolidated sands of 2 m – 
3 m would lead to high infiltration rates and thus low surface water run-off, 
mostly in the form of sheet flow. Where there are identified river streams, they 
are of a distinct perennial nature and flow only occurs after a major storm event. 

A drawing indicating the four major drainage basins with the associated 
watersheds are included in Appendix A. 
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 GEOLOGY 2.3

The site is predominantly underlined with Basalts of the Letaba formation and 
Aeolian. Due to the fine red sand covering the majority of the top layer of the site, 
the absorption of stormwater into the ground occurs at a high rate. Some areas 
are being subjected to heavy build-up of coal fragments and fines result. 

 METEOROLOGY 2.4

The site is situated in the larger catchment area of the Limpopo and Mogol Rivers, 
in the drier western part of the Limpopo province. The Mean Annual Precipitation 
(MAP) of the region is 451 mm and the Mean Annual Evaporation (MAE) 
1 950 mm. 

The area falls in the summer rainfall region, with the biggest percentage of rainfall 
historically occurring in the December and January months, with an average of 
39% of the yearly rainfall occurring in these two months. The SANWS at 
Grootegeluk mine’s rainfall data is presented in Table 2-1: 

 
Table 2-1 Grootegeluk rainfall statistics 

MONTH AVG 
RAINFALL 

(mm) 

% OF YR 
RAINFALL 

AVG NO 
RAIN 
DAYS 

MAXIMUM 
RAINFALL 

(mm) 

DATE OF 
MAXIMUM 

RAIN 

JAN 88.4 19.6% 6.3 104 2004/01/19 

FEB 76.4 16.9% 5.8 99 1978/02/14 

MAR 58.2 12.9% 4.6 134 2004/03/07 

APR 32.3 7.2% 2.5 136 2002/04/14 

MAY 6.8 1.5% 0.9 30.5 1997/05/25 

JUN 5.1 1.1% 0.8 44 2002/06/01 

JUL 0.9 0.2% 0.3 6.2 1983/07/03 

AUG 1.1 0.2% 0.4 27.3 1979/08/26 

SEP 5.9 1.3% 1.1 4.5 1977/09/28 

OCT 33.1 7.3% 3.9 57 1992/10/29 

NOV 54.9 12.2% 6.2 71 1989/11/05 

DEC 88.2 19.5% 6.2 100 1995/12/17 

 

A graphical presentation of the yearly rainfall distribution is presented in Figure 
2-4: 
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Figure 2-4 Grootegeluk rainfall distribution 
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3 STORMWATER RUN-OFF METHODOLOGY 

 HYDROLOGY 3.1

Run-off calculation techniques used in South Africa are inadequate and often 
based on unverified catchment and rainfall data (Watson, 1981).  The use of 
various models should be used to derive most probable values and to ensure that 
gross errors in estimation are eliminated.   

The most widely used method of calculation in South Africa is the Rational 
Method. This method has in past yielded very accurate estimations when 
compared to the corresponding measured catchment flows. It does, however, 
have limitations when the catchments become rather large, and as such it is good 
practice to verify the calculated results with two additional estimation methods.  

For the size of this study it was decided to utilise the Standard Design Flood 
method as well as the Empirical Method. Each method’s background and 
calculation methodology is briefly explained in the following sections: 

3.1.1 RATIONAL METHOD 

Since its inception in 1851, the Rational Method has become one of the most 
widely used methods for determining peak flows from small catchments. The 
basis of the relationship is the conservation of mass and the premise that the flow 
rate is directly proportional to the size of the contributing area and rainfall 
intensity. Rainfall intensity is a function of the return period. Peak flow is obtained 
by the following relationship: 

𝑄 =
𝐶𝐼𝐴

3.6
 

Where: 

Q  = peak flow (m3/s) 
C  =  run-off coefficient 
I  = average rainfall intensity over catchment (mm/hour) 
A  = effective area of catchment (km2) 
3.6 = conversion factor.  
 
Despite the Rational Method’s shortcomings and widespread criticism, it provides 
realistic results, especially in combination with other run-off estimation models.  
Disadvantages of the method include that reliable hydrographs cannot be 
calculated and the method is of limited use in flood routing calculations. As 
mentioned, its results are less accurate if catchment sizes are greater than 25 km2. 
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3.1.2 STANDARD DESIGN FLOOD METHOD 

The standard design flood method (SDF) was developed in 2002, to provide a 
uniform approach to flood calculations (Alexander, 2002). This method is based 
on calibrated discharge coefficients for return periods of 2 and 100 years that are 
summarised from 29 primary identified drainage basins in South Africa. 

It follows the same procedure as the Rational Method, with the exception of the 
run-off coefficient (C) for the catchment. In the conventional Rational Method, 
the run-off coefficient is determined by giving numerical values to the catchment 
characteristics that influence the run-off, and is based on user-dependant input 
parameters. In the SDF method the run-off coefficient is a calibrated single value 
for the specific drainage basin, and is based on historical statistical analysis of the 
various catchments included in the SDF method (SANRAL, 2013). There are 29 
different calibrated drainage basins, covering the entire drainage area of South 
Africa.  

3.1.3 EMPIRICAL RUN-OFF CALCULATION 

Empirical methods are mostly based on simple correlation between peak flow 
rates and other catchment characteristics derived from general regional 
parameters. The peak discharges calculated with these methods are relatively 
inaccurate when compared with other deterministic methods, due to the 
undetailed, generic approach taken. It is, however, a quick and useful tool to use 
when working with relatively large catchments, as it ensures gross errors in 
estimation are avoided. 

For this study, the empirical deterministic relationship developed by Midgley & 
Pittman was used: 

𝑄𝑡 = .0377𝐾𝑇𝑃𝐴0.6𝐶0.2  Where:  𝐶 =  
𝐴×√𝑆

𝐿×𝐿𝑐
 

And where: 

Qt = Peak flow for “t” return period (m3/s) 
KT = Calibrated constant value for “T” return period 
A = Size of the catchment (m2) 
P = Mean annual rainfall over the catchment area (mm per annum) 
S = Average slope of the stream (m/m) 
L = Hydraulic length of the catchment (km) 
Lc = Length from the outlet to the catchment centroid (km). 
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 SUB-CATCHMENT DELINEATION 3.2

With the partial focus of the master plan study being the influence of storm flow 
patterns specifically affecting the operations of Grootegeluk mine, the study area 
was divided into various sub-catchments upstream and downstream of the mine. 
Watersheds were identified using contour intervals spaced at 20m, as indicated 
on the regional GIS layout plans. There were four main catchments identified that 
might influence, or be influenced by the operations of Grootegeluk Mine. A 
detailed drawing indicating the catchments and their respective watersheds are 
indicated in Appendix A.   

The four main sub-catchments are as follows: 

Table 3-1 Identified catchments of interest 

NAME ORIENTATION 
TO MINE 

SIZE 
(km2) 

Avg 
SLOPE 

(%) 

DESCRIPTION 

CA-01 Upstream 159 0.42%  Catchment is located far south of 
the mining area 

 Run-off contributes directly to CA-
02 

 Run-off mostly affected by new 
Medupi Power station  

CA-02 Upstream/ 
Downstream 

130 0.40%  Catchment includes southern 
portion of mine operations 

 Perennial stream flowing in western 
direction towards Mogol River 

 Contains possible dirty water from 
mining operations 

CA-03 Downstream 193 0.32%  Catchment includes northern 
portion of mine operations 

 Run-off from slime dams and 
operations west of D2001 

 Perennial stream flowing in western 
direction 

 Joins Mogol River directly to the 
west 

 Contains possible dirty water from 
mining operations 

CA-04 Downstream 191 0.39%  No direct influence from mining 
operations 

 Joins Mogol River directly to the 
west 
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 CATCHMENT PEAK FLOW CALCULATIONS 3.3

For the purposes of this report, the expected maximum flow rates for the 1:20, 
1:50 and 1:100 floods were estimated, and detailed calculations are added in 
Appendix B at the back of this document. The following sections describe the 
methodology followed in greater detail. 

3.3.1 RAINFALL DEPTH 

In order to determine surface water run-off, probabilistic relationships between 
the average daily rainfall, rainfall intensity, duration and return period are 
required.  These relationships were estimated by using a regional scale invariance 
approach, developed by Smithers and Schulze (2003).  Design rainfall was 
estimated at a spatial resolution of 1-minute x 1-minute.  The project area is 
located at Latitude 23°39’S and Longitude 27°32’E with an altitude of 910 m 
above mean average sea level (masl).  The mean annual precipitation (MAP) is 
estimated at 451 mm per annum.  The following weather stations were utilised to 
calculate the mean rainfall within the project area: 

 Tambootivlei                 0673636_W 

 Zyferbult                     0673645_W 

 Ellisras (POL)           0674400_W 

 Oranjefontein                0718327_W 

 Sterkfontein                  0674207_W 

Design rainfall depths, calculated for various recurrence intervals and storm 
durations are presented in Table 3-2 below: 

Table 3-2 Design rainfall depths 

STORM 
DURATION 

RECURRENCE INTERVAL (YEARS) AND RAINFALL DEPTH (mm) 

 2 5 10 20 50 100 200 

1 h 29.9 42.2 51.1 60.1 72.6 82.5 93.1 

2 h 40.4 57.1 69 81.2 98.1 111.6 125.8 

4 h 45.8 64.7 78.2 92 111.2 126.5 142.6 

6 h 49.3 69.6 84.2 99 119.6 136.1 153.5 

 

3.3.2 PEAK RUN-OFF VOLUMES 

The topography of the investigation area as well as the type of veld cover, 
contributes to the flow patterns during a typical rainfall event. The flat nature of 
the topography (with slopes of 4% and under) results in plate flow velocity 
patterns that are extremely low, and estimated velocities area only accurately 
estimated from 0.5% and steeper (Schulze & Arnold, 1979). It is, however, 
expected that velocities in the range of 0.4 – 0.65 m/s will be encountered 
throughout. 
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The peak regional flow rates, to be read in conjunction with the layout drawing 
provided in Appendix A, is provided in Table 3-3: 

Table 3-3 Peak run-off volumes 

CATCHMENT CALCULATION 
METHOD 

DESIGN PERIOD FLOW (m3/s) 

20 50 100 

CA-01 

Rational Method 65.86 98.57 135.14 

SDF Method 113.25 169.39 216.90 

Empirical 91.79 127.21 161.03 

CA-02 

Rational Method 59.57 89.15 122.24 

SDF Method 125.65 187.93 240.65 

Empirical 88.54 122.72 155.34 

CA-03 

Rational Method 73.75 110.37 151.32 

SDF Method 120.23 179.83 230.26 

Empirical 112.29 155.64 197.01 

CA-04 

Rational Method 75.59 113.13 155.10 

SDF Method 127.21 190.28 243.64 

Empirical 108.28 150.07 189.96 
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4 SITE SPECIFIC STORMWATER MASTER PLAN 

 INTRODUCTION 4.1

The need for a stormwater master plan depicting the stormwater management 
network of the mine is a critical part of the stormwater system. The following 
requirements are referred to in the Exxaro Stormwater Policy: 

The key concept is to prepare and to maintain a Master Storm Water Drainage 
Plan that reflects the integration of storm water runoff and drainage systems for 
all Waterberg Region business units. Information reflected on the Master Storm 
Water Drainage Plan shall be endorsed by Storm Water Design Reports from the 
various business unit storm water sub-catchment areas.  

During this section of the report, a brief summary is provided of the stormwater 
projects completed subsequent to design requests of the Grootegeluk stormwater 
system.  

 GROOTEGELUK STORMWATER PROJECTS 4.2

Recent expansions of the mining operations, as well as the need for better use of 
water resources had necessitated the upgrading of the existing stormwater 
infrastructure for the mine and surrounding areas. Various consultant companies 
were involved in the design of the upgraded stormwater system. The following 
consultants formed part of the design teams and can be reached for further 
information at the following contact details: 

CONSULTANT ADRESS CONTACT  

Delta BEC 

Rynlal Building,2nd Floor, 
Suite 24, 320 The Hillside Rd 
Lynnwood 
Gauteng, 0181 

012 368 1850 

ARUP 

Joe Strydom 
10 High Street 
Melrose Arch 
Johannesburg 

011 218 7600 

Nurizon 

Route 21 Corporate Park 
118 Sovereign Drive 
Irene 
Pretoria 

012 345 3649 

BVI 

Menlyn Corporate Park 
Garsfontein Road (M30) 
Menlyn 
Pretoria, South Africa 

012 940 1111 

LSL 

Justitia House 
78 B Republic Road 
Ferndale 
Randburg 2194 

011 789 8138 
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Appended to this document is a drawing outlining the various stormwater 
projects on the Grootegeluk mine, with their associated boundaries and 
extremities indicated. These upgrades (both completed and in process) will be 
discussed in more detail in the following sections.  

4.2.1 GROOTEGELUK STORMWATER UPGRADE PHASE 1 – DELTA BEC 

As part and parcel of this phase of the upgrades, Delta BEC was appointed to 
design and oversee the cleaning and refurbishment of existing stormwater 
systems around the plant area. The details included: 

 Removing pipes and cables in trenches and stormwater pipes 

 Cleaning of stormwater network of silt, grit and sedimentation 
problems 

 Relocation of services to avoid stormwater interference. 

The project was implemented successfully, and all stormwater infrastructure is 
currently operating at the predicted level of service. 

For details on the calculations and implemented elements, please refer to 
GROOTEGELUK MEDUPI EXPANSION AND GROOTEGELUK MINE PROJECT: DESIGN 
REPORT FOR: UPGRADE OF THE STORM WATER SYSTEM FOR GG1-6 

4.2.2 GROOTEGELUK STORMWATER UPGRADE PLANT GG 7 AND GG 8 AREA – ARUP AND LSL 

The construction of the new plant infrastructure of the GMEP project resulted in 
additional stormwater run-off being generated due to the increase in 
impermeable surfacing and the redirection of the surface run-off though the main 
N1 canal running through all the various plant areas. Messrs Arup consulting 
engineers were responsible for the design and implementation of the stormwater 
upgrades in this area of Grootegeluk mine.  

The additional operation water generated also contributed to a higher constant 
flow being transported through the entire plant area’s stormwater network. 

The implementation was completed successfully, and in short entailed the 
following: 

 Construction of new concrete stormwater channels and conduits 

 Separation of dirty and clean stormwater elements 

 Upgrading of existing stormwater networks in the area, including tie-
in to the existing GG 6 plant area stormwater network.   

For details on the calculations and implemented elements, please refer to: 
GROOTEGELUK MEDUPI EXPANSION AND GROOTEGELUK MINE PROJECT: DESIGN 
REPORT FOR: GG7 AND GG8 STORMWATER SYSTEM (REPORT NAME TO BE 
OBTAINED FROM RESPONSIBLE MINE PROJECT MANAGER) 
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4.2.3 GROOTEGELUK STORMWATER UPGRADE PHASE 2 – DELTA BEC 

The upgrading of the new GG 7 and 8 plant areas resulted in a greater 
concentration of run-off from the mine process plant areas being added to the 
existing stormwater run-off. All spilled process water was also directed to these 
canals. Coupled with the siltation problems associated with the major stormwater 
conduits in the plant process area, it was a definite requirement to upgrade the 
major stormwater channels in the plant area to accommodate maintenance 
procedures and silt transportation. The implementation was completed utilising a 
phased approach: 

 Phase 2A entailed the upgrading of the ‘N1’ channel, transporting 
water from the current plant areas to WP Slime dams situated on the 
south-western side of the GG 3 and 4 process plants 

 Phase 2B requires the construction of the new Channel-to-pit 
stormwater canal, transporting water from the WP Slime dams to the 
pit area. 

For details on the calculations and implemented elements, please refer to: 
GROOTEGELUK MEDUPI EXPANSION AND GROOTEGELUK MINE PROJECT: DESIGN 
REPORT FOR: UPGRADE OF THE STORM WATER SYSTEM FOR GG1-6 

4.2.4 OVERALL UPGRADING OF GG STORMWATER SYSTEMS – DELTA BEC 

Delta BEC was appointed to design and implement the upgrading of the greater 
Grootegeluk stormwater system, encompassing various sections and areas on the 
mine.  

A lack of maintenance, aging of infrastructure and additional infrastructure 
developments resulted in the capacity of the existing stormwater system falling 
below the required level of service in certain areas, thereby necessitating the 
upgrading and addition of new infrastructure to the existing stormwater system.  
With the stringent application laws for the Mining Water Use Act and regulation 
704, the need for these upgrades were also emphasised.  

Some of the upgrading entailed the following: 

 Refurbishment and upgrading of stormwater channels and networks 
in the GG 1 to 6 process plants 

 Stormwater cut-off berms and trenches around the slime dams, to 
ensure Regulation 704 compliance 

 Integration of stormwater and borehole systems around the drying 
beds, to reduce groundwater problems and spillages of dirty water 
into clean water areas 

 General upgrading and refurbishment of stormwater surrounding 
office areas and clear separation of the different water category 
areas 

 Refurbishment and upgrading of the stormwater systems associated 
with the pit service station.  
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For details on the calculations and the implemented stormwater elements, please 
refer to the following documents: 
 

 Stormwater Drainage System Upgrade: GG1-6 Plant AREA 

 Stormwater Drainage System Upgrade: clean water area east of 
stockpiles 

 Stormwater Drainage System Upgrade: pit service station 

 Stormwater Drainage System Upgrade: slime dams 

 Stormwater Drainage System Upgrade: stockpile area 

4.2.5 GROOTEGELUK ENTRANCE GATE 

Delta BEC was appointed to design and implement the new entrance gate of 
Grootegeluk mine. The construction of this project consisted of the following: 

 New road network 

 Additional paved parking areas 

 New buildings and operational structures 

 Reshaped open areas 

 Additional land scaping. 

All the aforementioned contributed to the required modification of the 
surrounding stormwater management, since successful drainage of these areas 
are off extreme importance to ensure the effective operation of the facilities. 

For details on the calculations and the implemented stormwater elements, please 
refer to the following documents: GROOTEGELUK COAL MINE NEW ENTRANCE 
GATE AND CARPORTS DESIGN REPORT 

 INFORMATION STILL TO BE INCORPORATED INTO THE MASTER PLAN 4.3

During the compilation of the stormwater master plan all available information 
was utilised to achieve the most complete stormwater master plan possible. 
However, due to some outstanding information, some areas were only partially 
detailed in the master plan. These areas and their relevant information are to be 
incorporated into the drawings and the report by the responsible person from the 
mine as soon as the information is obtained from the various consultants.  

The following projects can be listed as incomplete: 

4.3.1 GG 7-8 STORMWATER PROJECT – ARUP AND LSL 

ARUP consulting and LSL was appointed by Exxaro to design the required 
stormwater system for the expansion of the Grootegeluk mine, with specific 
reference to GG 7 and 8 within the plant area. 

Information for certain elements of this stormwater network were available at the 
time this report was compiled. However, this stormwater system is extensive and 
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a lot of information is required to deem this area as being completely covered in 
the stormwater master plan. 

It can be proposed that an appointment be made to capture the required 
information and incorporate it into the relevant sections of this report and the 
stormwater master plan drawings. 

4.3.2 THREE SILT TRAPS – NURIZON 

Nurizon was appointed by Exxaro to complete the designs required for several silt 
traps within the mining premises. The silt traps will be located at the following 
facilities: 

 Pool workshop 

 Diesel workshop 

 Pit Service Station 

These silt traps will play a large role in the mine’s compliance with the relevant 
mining and water legislation. These silt traps will provide the required 
infrastructure to ensure separation of the clean and dirty water areas and 
effective removal of oil from the contaminated water. 

The silt trap positioned at the pit service station will have a direct connection to 
the outfall channel from the plant to the pit, as discussed in Section 4.2. The flow 
values generated by the overflow of the silt trap will not occur regularly and will 
not have a large impact but should nevertheless be incorporated within the scope 
of this report. 

4.3.3 GG 6 EXPANSION PROJECT – BVI (APPOINTED UNDER LSL) 

BVI was appointed under LSL to complete a feasibility study for the expansion of 
the GG 6 plant area. This project is still in a very early stage but should be 
incorporated into the stormwater master plan if the development of the specific 
area results in a large increase of generated run-off. 

Once this project reached implementation stage, the stormwater values should be 
scrutinised and integrated if necessary. 

4.3.4 PIT UPGRADING PROJECT 

The utilisation of the mining pit is cardinal to the functioning of the stormwater 
system as a whole, since all the mining plant stormwater drains to this point. 
From the pit the water is pumped back to the plant area to be reused. 

Taking this into consideration the pit can be seen as the heart of the stormwater 
system and it is therefore critical that this element of the network be monitored, 
maintained and operated with the utmost of care. 

The flow of stormwater from the mining plant to the pit is included in the 
stormwater master plan but some information is still required to complete a 
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thorough water balance for this element. This would require evaporation, 
infiltration and recycling (pumping) volumes of the water present in the pit. 
Further studies can be implemented to gain the required knowledge to complete 
this section of the stormwater network. 

 STORMWATER MASTER PLAN DRAWINGS 4.4

The Stormwater Master Plan Report serves as a supporting document to the 
drawings (Appendix C), which is the primary tool for the stormwater master plan. 
The drawings contain all the information required to make quick decisions 
regarding projects or planned developments. 

The following drawings form part of the stormwater master plan: 

 Area classifications drawing – Specifying the areas which have been 
subject to contamination and the areas that are currently not 
impacted. 

 Stormwater management network – This drawing will contain all the 
main stormwater elements to which new developments will connect. 

 Catchment areas – This drawing will illustrate the division of areas 
into the different catchment areas. 

 
For the detailed calculations of these drawings, please refer to the relevant detail 
design report, as stated in Section 4.2. 

4.4.1 AREA CLASSIFICATION DRAWINGS 

This drawing takes into consideration all the changes recently planned during the 
designs of the General Grootegeluk Stormwater Upgrade. However, the areas not 
affected by the aforementioned designs were categorised as specified in the SRK 
Audit Report titled: Regulation GN704 Audit and Conceptual Design of Surface 
Water Management Controls. 

The categories used in the drawing is summarised below: 

 Dirty Stormwater Areas 

 Clean Stormwater Areas 

 Open Pit Area 

 Waste Rock Dumps 

 Rehabilitation Possible. 

4.4.2 STORMWATER MANAGEMENT NETWORK 

A large amount of data was available to utilise and incorporate into the 
aforementioned drawing. However, some of the areas on the mine are not 
included on the drawing due to the lack of information. This can, however, be 
superimposed on the drawing once obtained. 
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From the available data, not all the elements of the stormwater network were 
incorporated into the drawing. Some elements were omitted to provide adequate 
clarity on a drawing of such a large scale. All large stormwater elements were 
included. For the complete stormwater network of a specific area, the 
construction drawings can be obtained for the relevant area. 

The following information is provided in the drawing: 

 Larger stormwater canals 
o Sizes and shapes 
o Capacity 
o Generated flow during following recurrence: 

 1:20 rainfall event 
 1:50 rainfall event 
 1:100 rainfall event 

 Background image displaying: 
o Buildings 
o Roads. 

Some areas will not have the information stated above, due to the availability of 
data. Projects completed by Arup and BVI will not be included if the information 
was not distributed to Delta BEC. 

At some areas the width of the canals will be specified (as measured from the 
block plan). Storm flow calculations and capacity calculation could not be 
completed due to the lack of information regarding the following: 

 Canal depth 

 Canal slope 

 Layout of smaller stormwater network dividing the catchment 
areas. 

4.4.3 CATCHMENT AREAS 

P13050-CC-06-SW-004 will display the separate stormwater catchment areas and 
the general flow direction of the generated flows. Areas with unknown detail will 
be shown as one large catchment. 

 

 

  



 
 

P13050_REPORTS_STORMWATER MASTER PLAN_REV 02-R1939 
Stormwater master plan 

Page 23 of 26 

 

Grootegeluk Stormwater Master Plan 

5 CONCLUSION 

It has to be clearly stated that this document is in no way the final revision and 
that these drawings should be seen as a live document and a work tool that has to 
be utilised and modified for it to serve its true purpose. The drawings will have to 
be updated regularly and concurrent with the developing of the mine’s 
stormwater system. This will ensure that a proper summary of the existing 
stormwater network is available at all times, containing specific information 
relevant to decision making in terms of development. 

It is advised that this document should be updated with the construction drawings 
and designs of ARUP and BVI projects, to ensure an all encapsulating document.  
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Grootegeluk Stormwater Master Plan 

APPENDIX A – REGIONAL LAYOUT AND WATERSHEDS 
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Grootegeluk Stormwater Master Plan 

APPENDIX B – REGIONAL CALCULATIONS 
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Grootegeluk Stormwater Master Plan 

APPENDIX C – STORMWATER MASTER PLAN DRAWINGS 
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APPENDIX E: GROUNDWATER INVESTIGATIONS 
1. Grootegeluk Stormwater Management Plan (Golder Associates, November 2012) 
2. Stormwater Regional Master Plan, Revision 2 (Delta, April 2015) 
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1.1 Geology 
1.1.1 General Description 
The Grootegeluk Mine exploits coal from the Waterberg coalfield (Figure 1 and Figure 2). The coalfield 
extends westwards into Botswana. The Waterberg coalfield covers an area of approximately 88 km (east to 
west) and 40 km north-south. The coalfield is fault-bounded and forms a graben structure. The Eenzaamheid 
Fault forms the southern boundary, with rocks of the Waterberg Group occurring to the south and the Karoo 
to the north. The northern boundary is delineated by the Zoetfontein fault with Archaean granites outcropping 
north of the fault. 

The coalfield is further subdivided by the Daarby Fault that delineates a shallower, western part of the 
coalfield, which is suitable for opencast mining and a deep north-eastern part not suitable for opencast 
mining. The Zoetfontein Fault was tectonically active before and during Karoo deposition, while the 
Eenzaamheid and Daarby faults - as most of the other faulting in the Waterberg coalfield - are younger than 
the Karoo sequence. 

Sedimentation occurred in a shallow east-west striking trough and the general direction of transport was 
ENE-WSW. Karoo sediments are deposited on the Waterberg Group in the southern portion of the coalfield, 
while the basement rocks to the north of the Zoetfontein Fault are Archaean rocks. The paleo-floor in the 
eastern portion consists of granite and basic rocks of the Bushveld Igneous complex. Relatively few dolerite 
dykes outcrop in the south-eastern portion of the coalfield and no sills have been intersected in any of the 
exploration boreholes.  

 

 

 

 

 



 
EXXARO GROOTEGELUK  

 

April 2012 
Report No. 10613055 - 12286 - 6 2 

 

 
Figure 1: Surface geology of the study area 
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Figure 2: Stratigraphy and correlation of the Karoo Supergroup in the north-eastern part for the main Karoo Basin and 
the Springbok Flats, Ellisras, Tshipise and Tuli Basins (from Council for Geosciences, 2006)
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1.1.2 Structural Geology 
Three major structures traverse the study area, i.e. Zoetfontein, Daarby and Eenzaamheid Faults, as well as 
several minor faults and fractures: 

Zoetfontein fault: 
The “Zoetfontein fault” is a high angled east northeast – west southwest striking major fault. Significant post-
Karoo displacement is evident and is known to be still seismically active; this resulted in the extensive 
downthrow to the north and sinistral horizontal movement. The basement complex consists of Archaean 
granite and gneiss, outcropping to the north of fault zone (GCS, 2005). 

Daarby fault: 
The” Daarby fault” is a major north-west striking fault turning to the northeast. It is assumed to be part of one 
set of events as both legs exhibit the same throw and throw direction thus both faults have been combined 
into one name. The Daarby fault has a down throw of 360 m to the north and the fault dips at an angle of 
between 50oand 60o to the north. The Beaufort and Ecca Groups in the south have been juxtaposed 
opposite to the downthrown Letaba, Clarens, Elliott and Molteno formations in the north. 

Eenzaamheid fault: 
The Eenzaamheid fault is located to the south of the Daarby fault and has a throw of 250 m to the north. This 
resulted in the up thrown Waterberg group on the southern side of the fault being juxtaposed next to the 
downthrown Beaufort and Ecca groups on the northern side of the fault. The Eenzaamheid fault has a near 
vertical dip. Evidence of a possible link between the Eenzaamheid and Daarby faults exists from exploration 
boreholes on the farm Turfvlakte. 

Minor faulting: 
Various step faults, classed as minor faulting, are associated with the Daarby and Eenzaamheid faults. From 
the interpretation of exploration and water boreholes drilled on Grootegeluk Mine, these have varying strikes, 
dips, throws and throw directions (ERM, 2012). Detail with regard to minor faulting is confined to the 
Grootegeluk mining area and has been derived and interpreted from exploration drilling results, cross 
correlations across the mining lease area and mapping within the open pit excavation. 

1.2 Groundwater 
1.2.1 Unsaturated zone 
The unsaturated zone in the region north of the Daarby fault is mainly derived from the weathering of the 
Clarens sandstone formation. These deposits consist of fine to medium grained, well-rounded, well sorted 
sand. Where soils have developed, it consists of loose to medium dense, medium to fine grained sand. 
Calcrete and ferricrete is often developed above the Beaufort and Ecca Groups and is normally associated 
with faulting and jointing within the in-situ rock masses and the movement of groundwater. To the north of 
the Daarby fault on the Stormberg basalt, a geotechnical survey was done where soil and weathered 
bedrock properties were determined. Soils ranged from reddish brown soft to firm clayey sand (0.6 to 0.7m 
thick) to yellowish and olive brown gravely silt (0.2 to 0.4m thick). In- situ hydraulic conductivity of the soil 
was measured at 8.3X10-5 m/d.  

The region south of the Daarby fault and east of the Grootegeluk open pit often has little sand cover, 
resulting in clayey weathering products from various outcropping shale units in the upper Ecca and Beaufort 
Groups. This area south of the Daarby fault is then also covered by angular, poorly sorted sands derived 
from the weathering of the Waterberg Group (Roux, 2004). 

1.2.2 Aquifer characterisation 
Groundwater flow and mass transport depend on the characteristics and structure of the geology and 
geological structure at Grootegeluk. In the Grootegeluk mining area, as in the largest portion of South Africa, 
only secondary, fractured rock aquifers occur. 
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The different stratigraphic units within the Waterberg coalfield, as a result of their predominant lithologies and 
structure have different potentials for storage and passage of groundwater. These potentials have been 
further enhanced or contained as a result of the faulting and jointing interpreted in this field. The included 
generalized section below (Figure 3) is a north-south cross section through the Waterberg coalfield within the 
mining lease area and indicates the subdivision of different stratigraphic units into individual compartments 
as a result of the faulting within the mining area.  

 
Figure 3: Generalised section of Grootegeluk Coal Mine Geology (from Roux, 2004) 

The Daarby fault has been accepted as the main divisor of the area into two major water compartments, 
described in this and historical reports as the Northern and Southern aquifer compartments. 

The Stormsberg, Beaufort, Ecca, Dwyka and Waterberg groups underlie the Northern compartment. In this 
compartment the major identified aquifer, a semi-confined aquifer is the fractured, faulted and weathered 
Letaba formation. This aquifer is contained within a fault-bounded lenticular wedge, just north of the Daarby 
fault. The basalts are significantly fractured and weathering occurs between successive lava flows. The 
lower contact between the Letaba formation and the Clarens formation is an erosional surface that also has 
considerable hydrogeological significance. This aquifer has the highest yields and the highest transmissivity 
in the mining area. 

Other identified aquifers include the semi confined Clarens formation and the Molteno formation. The 
Clarens formation, a fine to medium grained sandstone has relatively high storativity but very low 
permeability. It is thus less conducive to the movement or transportation of possible groundwater 
contaminants and exhibits typical mounding in areas below unlined surface water features. Molteno 
formation’s sandstones in this area can almost be considered as a confined aquifer, as with the Clarens 
sandstones, relatively impermeable yet reasonably porous. Due to the thick overlying, impervious, Elliott 
formation no effect on groundwater qualities, if any groundwater is present in this formation is expected. 
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The Beaufort, Ecca, Dwyka and Waterberg groups underlie the Southern compartment. The faults, fractures, 
joint planes and sedimentary cycle bedding planes represent the main semi confined aquifer in the Beaufort, 
Upper Ecca and Middle Ecca formations. The fluvial sandstones of the Middle Ecca are also relatively 
impervious, thus movement of groundwater is confined to fractures and along the contacts between 
sedimentary bedding planes. The Middle Ecca and Lower Ecca sandstones can be classified as confined 
aquifers since piezometric levels in monitoring boreholes suitably equipped have indicated the presence of a 
pressure gradient with rest water levels being higher than those in the Upper Ecca. Some exploration 
boreholes which have been exposed in the lower levels of the open pit and which intersect the Middle Ecca 
sandstones, have displayed artesian flow properties confirming the confined nature of the aquifer 

The aquifer systems at the Grootegeluk area can be simplified and conceptualised to be composed of three 
units: the top weathered aquifer, the primary (porous) aquifer and the fractured secondary aquifer (ERM, 
2011). 

¡ The thickness of the weathered zone is variable but is approximated to be 7m. The pre-mining 
steady state water level is about 28 mbgl which means that the weathered zone is 
unsaturated and not classified as an aquifer as it is not water-bearing. However, due to 
artificial recharge from the various mining operations, the zone is expected to be saturated 
locally. 

¡ The primary (porous) aquifer is less permeable but plays part in water and contaminant 
storage. The occurrence and movement of groundwater is largely controlled by the structural 
geology and lithological zones. 

¡ The fractured secondary aquifer is characterised by secondary fractures resulting in 
preferential flow paths for the groundwater flow and contaminant migration. 

Top weathered aquifer 
Borehole logs indicate that the top part of the rock formation is composed of weathered aquifer of variable 
thickness. North of the Daarby Fault (northern compartment) the weathered zone is mainly derived from the 
weathering of the Clarens sandstone formation. These deposits consist of fine to medium grained, well-
rounded, well sorted sand. Where soils have developed, they consist of medium to fine grained sand with 
variable compaction and density.  

The region south of the Daarby Fault (southern compartment) and east of the Grootegeluk Pit, however has 
little sand cover (Roux, 2009), resulting in clayey weathering products from various outcropping shale units 
in the upper Ecca and Beaufort Groups. This area is often covered by angular, poorly sorted sands derived 
from the weathering of the Waterberg Group.  

Primary aquifer 
The primary (porous) aquifers are composed of the unfractured and unweathered Karoo and Waterberg 
Formations in which the groundwater flow and storage is in between the primary porosities of the rock 
matrices. As is common for the larger portion of South Africa, the primary aquifers are generally 
characterised by lower hydraulic conductivities but higher storage capabilities. 

The Clarens Formation, a fine to medium grained sandstone has relatively low transmissivity (0.01 - 10 m2/d) 
and blow yields with the majority of boreholes yielding less than 1 L/s, except for borehole WB27 with a blow 
yield of 12.4 L/s, which is located on a lineament between the Daarby Fault and the Letaba basalt contact 
zone. 

In the past, several boreholes have been aquifer tested in the primary aquifer of the northern and southern 
compartment. A transmissivity value ranging between 0.4 to 13.8 m2/d, with an average of 3.5 m2/d was 
estimated.  
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Fractured Secondary Aquifer 
The major aquifer type in the large Grootegeluk Mine area are characteristic secondary fractures and 
weathering zones that essentially control groundwater flow and mass transport. The most important 
characteristics of fractures are the relatively high transmissivity with relatively low storage properties.  In 
contrast, the matrix blocks between the fractures or fracture zones have very low to zero transmissivity but 
may have significantly higher storativity.  The combination of the fracture and matrix properties result in 
significant flow and mass transport velocities (>> 100 m/d) through the fractures while sorption by the aquifer 
and storage of water and contaminants occur in the matrix (Roux, 2009).   

The Daarby Fault represents one of the major structures controlling the regional hydrogeology as it has been 
identified to be a barrier to groundwater flow (Roux, 2003). The model domain is subdivided into two 
separate aquifer compartments, i.e. the northern and southern compartments. Groundwater levels on either 
side of the fault differ considerably (up to 100 m). Groundwater contamination is not expected to cross the 
fault line and is not expected to be intercepted into the open pit. 

However, contaminant transport is possible along the strike. At the intersection of the Daarby Fault by other 
faults, the transmissivity changed and it will no longer be interpreted as a flow-barrier. For example, borehole 
WBR45 is located on the Daarby Fault  and has a very high transmissivity value of 80 m2/d. This increased 
transmissivity is a result of an intersection of the Daarby Fault by a SW-NE trending fault. 

Although the Daarby Fault is characterised as a no-flow boundary in a regional context, field investigations 
have indicated that small amounts of seepage could take place across the fault, from the northern to the 
southern compartment. Steenekamp (2001) predicts the transmissivity of the fault to be approximately 
0.01m2/d. 

Basalt is usually characterised by insignificant transmissivity and storativity values. However, literatures 
(Roux, 2004) indicate that the Letaba Basalt (north of the Daarby Fault) is fractured and weathering occurred 
between successive lava flows. Aquifer tests conducted on a number of boreholes located in the basalt 
indicated that the T-values range between 0.7 to 380 m2/d, with an average of 62 m2/d (ERM, 2012). 

The lower contact between the Letaba Formation and the Clarens Formation is represented by an erosion 
surface with yield between 2 L/s and 12.7 L/s. ERM postulates that the highest mobility of contaminants will 
be associated with this layer (2011). 

Aquifer thickness 
The aquifer thickness depends strongly on the type of aquifer in the area, especially in the case of fractured 
bedrock aquifers. Because secondary, fractured rock aquifers occur in the Grootegeluk area, aquifer 
thickness depends strongly on the presence, depths and orientations of the fractures or fracture systems 
through which flow takes place. The depths at which water yielding fractures are intersected in the 
Grootegeluk area vary significantly. In the Stormberg basalt aquifer to the north of the Daarby fault, much of 
the formation is weathered and fracturing occurs throughout the rock thickness. In the Clarens sandstone 
formation further to the north, limited fracturing has occurred and low groundwater yields are recorded, 
usually associated with bedding plane fractures. To the south of the Daarby fault in the Ecca and Beaufort 
groups sandstones and shale’s, very limited fracturing has occurred in general and groundwater flow is 
restricted to post-depositional faulting and associated fracturing. 

In summary, aquifer thickness in the Grootegeluk area depends on the depth below static water level of the 
deepest transmissive fractures. Although the number and transmissivity of fractures usually decrease with 
depth, such fractures have been recorded at various depths in the Grootegeluk area (Roux, 2004). 

Groundwater flow  
The pre-mining groundwater flow directions were towards the Mokolo and Limpopo Rivers as they are the 
primary receptors in the project area. Due to mine dewatering, groundwater flow is currently mainly towards 
the Grootegeluk open pit. The static, pre-mining groundwater level in the Grootegeluk area was in the order 
of 30m below surface. Historical inflow rates are not available but Dryer (2008), Bester and Vermeulen 
(2009) estimated that the present groundwater inflow rate is in the order of 30,000 m3/month (1,000 m3/d). 
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Since the start of mining, various impacts on different areas have taken place. The mining process has 
influenced groundwater levels in the following ways: 

¡ Groundwater level decreases have occurred around the open pit because of seepage to the 
pit and abstraction of water from the open pit to enable dry mining conditions.  

¡ Groundwater levels increased significantly in the entire area north of the Daarby fault (which 
acts as an (semi)impermeable barrier) where increased artificial recharge occurred because 
of surface water spills, unlined surface water containment facilities like tailings dams, process 
water dams and storm water control dams as well as water drainage from product beds and 
stockpiles.  

¡ The area south of the Daarby fault is primarily the open pit excavation where drainage occurs 
towards the pit from all directions and resulted in a local cone of depression. It is estimated 
that the zone of influence is reportedly restricted to a radius of 3.5km (Roux, 2009). However 
groundwater monitoring data indicated that the radius of influence appears to be significantly 
wider. 

¡ To obtain a preliminary estimate of the radius of influence of the mine dewatering, an 
analytical equation was applied by making a simplifying assumptions for site specific 
properties and boundary conditions (ERM, 2012). A radius of influence ranging between 5 to 
12km was estimated. 

¡ The southern compartment is characterised by groundwater mounding caused by artificial 
recharge to the underlying aquifer(s) as a result of seepage from unlined storage dams, 
accumulations of storm water runoff in unlined storm water dams, runoff from spills, from 
product beds, seepage from slimes handling facilities and general wastage of process water. 

Recharge  
The sources of recharge in the mining area include natural rainfall recharge as well as artificial recharge from 
several sources (TSF, waste rock dumps, coal stockpile and dams). Historically the artificial recharge was 
variable and depended on the volume of water stored in the return water dams and degree of tailings 
saturation. Many of the dams were lined over time and seepage rates decreased accordingly (ERM, 2011). 
Recharge estimates by various investigators range between 0.005 to 6% of the MAP, with most agreeing 
that it should be in the order of ~1.5%. 

1.2.3 Groundwater quality and sources of potential contamination 
The mine infrastructures/facilities associated with waste water, coarse/fine residues, etc. are mostly located 
north of the interpreted impermeable to low permeable Daarby Fault on the basalt aquifer. These 
infrastructures/facilities include but are not limited to the pollution dams, process plant(s), water rock dumps 
and tailing storage facilities (TSF’s) which is all potential sources of Acid Mine Drainage (AMD) and trace 
metals. Organic and inorganic contaminants potentially to be generated by activities at the Sintel Char 
process plant(s) could also present a potential contaminant source. Table 1 summarizes selected source 
areas and their most likely contaminants of concern. 

Table 1: Source Areas and potential contaminants (adapted from ERM, 2012) 
Source Areas  Facilities  Potential Contaminants  

Coal Beneficiation Plants GG1 to GG6 (operational), GG7 
and GG8 (new) 

Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, 
Metals i.e. Sb, Cd, Fe, Pb, Mn, 
Se 

Hydrometallurgical plant  Sintel Char Cooking Plant Volatiles and hydrocarbon 
contaminants 
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Source Areas  Facilities  Potential Contaminants  

Pollution control Dams Bosbok dam, Olifants dam 
Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, Metals i.e. 
Sb, Cd, Fe, Pb, Mn, Se 

Contaminated water, 
hydrocarbons from Diesel, oil 
and lubricants used in 
machinery 

Mine workshop areas, plant 
areas 

Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, Metals i.e. 
Sb, Cd, Fe, Pb, Mn, Se 
Hydrocarbons & Organic 
compounds 

Fine residue Slimes dam 

Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, 
Metals i.e. Sb, Cd, Fe, Pb, Mn, 
Se 

Course residue Waste rock dumps 1 – 6, Coal 
stockpile area 

Macro elements i.e. Ca, Mg, 
Na, SO4, NO3, Cl, 
Metals i.e. Sb, Cd, Fe, Pb, Mn, 
Se 

 

No seepage volumes, contaminants of concern, acid-base accounting (ABA) analysis and geochemical 
modelling results were available for each of the source areas and as such the potential for acid mine 
drainage is unknown. A large water quality database for Grootegeluk and surrounding areas exist, from the 
ongoing monitoring program.  The database was used to highlight any groundwater quality issues. 

Many of the source areas were lined over time, which reduced the rate of contaminant mass release 
significantly, the available monitoring data of 2009 indicates an increase trend in sulphate concentration (and 
other contaminants) in the vicinity of these source areas and this may have a negative impact on the basalt 
aquifer. Most of the contaminant sources are located in the northern compartment on the basalt aquifer 
which is the main water bearing zone. From the sulphate concentration distribution (ERM, 2012), it is evident 
that the impact is not restricted to the source areas only but do migrate to the east and south. Insignificant 
contaminant mass is however expected to have migrated across the Daarby Fault due to its impermeable 
nature. 

ERM summarises the groundwater quality as follows: 

pH & Alkalinity 
The pH in the majority of the borehole water samples is neutral with an average value of pH 7.24 for 204 
samples. Boreholes with low pH values are located directly next to waste sources as listed in Table 2. 
Deteriorating conditions are also observed over the past ten years in 7 boreholes.  

 
Table 2: Summary of boreholes exceeding water quality standards 
Borehole Source SANS Class Trend 

P1 Matimba Ash dump III Deteriorating 

TE 88 1 Km South of Waste Rock Dump 6 III Deteriorating 

WB 53 
Directly East of Waste Rock Dumps 1, 2, 
and 3 III Deteriorating 

WBR 24 Directly East of the Tailings Dam III Deteriorating 

WBR 40 West of the Olifantskopdam III Deteriorating 
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Borehole Source SANS Class Trend 

WBR 9 Directly East of Waste Rock Dumps 4 and 5 III Deteriorating 

WBR 38 
Daarby Fault close to Matimba Power 
Station II Deteriorating 

 

Cations & Anions 
The elevated concentrations occur mostly in the vicinity of the Waste dumps, TSF and the Matimba Ash 
dump. The data also indicate deteriorating conditions in water quality at most of the sampling points over the 
past ten years. 

¡ The sulphate (SO4) concentrations is elevated (1) in the Letaba Basalt unit as a result of 
mining activities. Elevated concentrations are furthermore observed in the immediate vicinity 
of the Matimba ash dump, the Grootegeluk pit sump and on the farm Turfvlakte approximately 
800m south of Dump 6. 

¡ The calcium (Ca), magnesium (Mg) and nitrate (NO3) concentrations are elevated in similar 
areas as described for sulphates. 

¡ Sodium (Na) concentrations are elevated in the immediate vicinity of the Matimba Ash dump, 
typical of water quality observed around coal power stations and ash dumps. 

The elevated cation and anion concentrations at Turfvlakte needs to be investigated, due to the fact that it is 
not located directly next to a waste source and it is located to the south of the impermeable Daarby fault. The 
elevated concentrations could be a result of interconnected lineaments with the pit sump or seepage from 
Dump 6. 

Metals 
The baseline constituents show the following: 

¡ Elevated Aluminium (Al), Iron (Fe) and Manganese (Mn) concentrations observed 
predominantly at the Matimba power station and ash dump; 

¡ Elevated Arsenic (As), Lead (Pb), and Cadmium (Cd) concentrations on the Basalt unit 
directly east of the waste rock dumps, associated with poor water quality in terms of sulphate; 
and 

¡ Elevated antimony (Sb) spread over the study area, possibly a result of natural occurrence of 
antimony with the coal seams. 

Organic Compounds 
PID readings in the vicinity of the Sintel Char Plant did not detect VOCs (volatile organic compounds). This 
was supported by the laboratory results of the VOCs where limited organic compounds were detected in 
three soil samples analysed. Contaminants that tested positive are mainly PAH’s (Poly-aromatic 
hydrocarbon) type contaminants. These concentrations are suspected to be residuals of historical dumps 
that existed at the current Sintel Char plant and are not expected to be released by the plant (ERM, 2012). 

Groundwater Characterisation 
Groundwater samples in most of the geological units present in the study area shows a mixed signature. A 
description of the groundwater characterisation according to the Piper Diagram is as follows: 

¡ The Letaba basalt plot mostly in the Ca-Mg-SO4 zone of the piper diagram, indicative of 
impact of coal mining activities dominated by high sulphate concentrations; 
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¡ The samples taken in the Waterberg group plots to the right hand side of the piper diagram, 
indicative of slow moving groundwater and dominated by higher Sodium (Na) and Chloride 
(Cl) concentrations. Some of the samples next to the ash dump (P 1, 2, 3, 21) also indicate 
impacts from coal power station activities with higher sulphate (SO4) concentrations; 

¡ Samples in the Karoo and Clarens sandstone units show a mixed signature; 

¡ Complex structural geology; and 

¡ Representative of water in fractures/lineaments and the matrix and water influenced by 
mining. 

1.2.4 Hydrocensus 
No hydrocensus has been done in the area but Roux (2009) provides information regarding all boreholes in 
the Grootegeluk mining area. Over the past number of years several boreholes, specifically for water and 
related purposes, have been drilled. A specific naming convention identifying the holes as water monitoring 
holes was introduced in order to differentiate between monitoring and coal exploration boreholes. Boreholes 
beginning with the prefix WBR are rehabilitation monitoring boreholes. Boreholes denoted WB were drilled 
specifically for water supply or dewatering purposes and OBS boreholes were either observation boreholes 
close to pump test boreholes or holes used for fault delineation and general exploration/verification holes for 
groundwater investigation purposes. 

Other boreholes used in the monitoring program include general coal exploration boreholes on Kumba 
properties in the mine lease area. These boreholes are named and numbered according to the farm on 
which they are located and are only used for water level monitoring to evaluate the geometry and extent of 
the expanding cone of depression around the open pit.  

A total of 62 WB boreholes, 40 WBR and approximately 15 OBS boreholes have been drilled on this property 
and surrounding area since 1976, many of which were dry, have dried up or caved in, been excavated in the 
area of the open pit or are no longer serviceable. Two types of groundwater quality monitoring boreholes are 
used, the first being open boreholes with an internal diameter of 165mm and secondly boreholes equipped 
with Casagrande type piezometers inserted at specific stratigraphic horizons to isolate groundwater from the 
different identified aquifers. 

Twenty boreholes are used for groundwater abstraction purposes in the mining area to increase the amount 
of water reclaimed for re-use on the mine. Pumping occurs in the plant and workshops area in an attempt to 
decrease the groundwater mounding in this area. This has occurred extensively because of water spills and 
unlined surface water structures on the highly permeable Stormberg basalt formation north of the Daarby 
fault.  

An additional five monitoring boreholes were installed during an investigation by ERM in 2010, to refine the 
knowledge base on which the updated groundwater model was based. 

1.2.5 Receptors and groundwater users 
The Mokolo River was the major receptor identified within the study area. No information was obtained on 
the number and distribution of private groundwater users. Groundwater in the Lower Mokolo catchment area 
(DWAF quaternary catchments A, G &H) is mainly used for domestic supply, limited watering of gardens and 
for livestock watering. The aquifers in these catchments are classified as minor aquifers, with low to 
moderate vulnerability and susceptibility to contamination and human impacts (WGC, 2009 and Vegter, 
1995). 

Groundwater use in the above-mentioned catchments however, is relatively low due to the low aquifer yields 
as well as the abundant surface water available in the Waterberg region. The low population density and low 
aquifer yields limit large-scale groundwater abstraction for irrigation and/or other uses. As a result, the 
groundwater resources are fairly under-utilized. Groundwater at Grootegeluk Coal is recovered through 
dewatering boreholes in the Letaba Basalt, and is used in the Beneficiation Plants, for dust suppression on 
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haul roads and within the open pit mine, which is situated in the Upper Ecca formation across the Daarby 
Fault (barrier to groundwater flow). 

Baseflow is that part of stream flow that derives from groundwater and shallow subsurface storage. During 
the dry season, the stream flow is typically composed entirely of baseflow. 

1.2.6 Groundwater model results (ERM, 2012) 
ERM updated the numerical modelling of the mining area, and the following section is a summary of the 
results from the 2012 report. 

¡ The steady state model result refers to the baseline groundwater conditions before mining 
commenced (pre 1980) where groundwater flow and quality is controlled by natural recharge 
and dissolution processes only. 

¡ The simulated piezometric heads of the calibrated steady state model showed that in general 
groundwater levels follow the topography which decreases from the south (Waterberg 
Mountains) towards north-east (Mokolo River) and north-west (Limpopo River). The 
piezometric head ranged from 800 mamsl in the north-east to 960 mamsl in the south. 

¡ The pre-mining steady state groundwater balance indicated that the sources of water were 
recharge (32%), inflow from the Mokolo River (7%) and regional inflow (61%) from adjacent 
aquifers, mainly from the south.  

¡ The loss of Mokolo River to the groundwater was expected to occur locally when the river 
head was above the groundwater level. The water balance also indicated that the Mokolo 
River is mainly a gaining stream whereby 15% of the outflow joins the river as a baseflow. The 
remaining 85% outflows to the adjacent aquifers, mainly on the north-west part and is finally 
expected to join the Limpopo River which is beyond the model domain. 

¡ This indicates that the aquifers of the Grootegeluk Mine are not independent separate units 
but contributes to the flow of regional aquifers and long-term mine activities can potentially 
influence the regional groundwater system.  

¡ The model was most sensitive to recharge, because it has been applied across the entire 
model domain. Although the model was sensitive to the hydraulic conductivities of the various 
aquifer zones, it was less sensitive in comparison to the recharge.  

¡ The historical (1980 – 2010) and future mining impacts on the groundwater level and quality 
was simulated with the transient model. 

¡ Due to the aquifer heterogeneity in the project area, the radius of influence was not expected 
to be uniform. The Daarby Fault is a groundwater flow barrier (Roux, 2009) and groundwater 
inflow from the north of this fault is limited, with insignificant expansion of the dewatering cone 
to the northern compartment.  

¡ Karoo Aquifer(s) west of the Grootegeluk Pit are more permeable due to fracturing and the 
dewatering cone is expected to expand mainly in these aquifer systems. The maximum radius 
of the dewatering cone is therefore to the west, estimated at approximately 11 km. 

¡ Seepage from the TSF, waste rock dumps, coal stockpile and dams has artificially recharged 
the basalt aquifer and Clarens Sandstone north of the Daarby Fault (however local and limited 
to the northern compartment). 

¡ The radius of influence is dependent on aquifer properties and currently aquifer test data was 
only available for less than 10% of the model domain. 

¡ The water budget showed that water is added from: 
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• Regional groundwater inflow from the south (53%); 

• Natural recharge through the infiltration of rainwater (26%); 

•  Groundwater released from aquifer storage (11%); 

• Artificial recharge through seepage from the artificial sources (6%); and 

• Mokolo River losing to the groundwater (4%). 

¡ Water is being removed from the system by: 

• Regional groundwater outflow (63%); 

• Mine dewatering simulated by drainage cells (23%); 

• Baseflow to the Mokolo River (10%); 

• Groundwater stored in aquifer storage (4%); and 

• Groundwater abstraction to minimise the mounding due to artificial recharge (0.1%). 

¡ The groundwater impact due to the combined activities (Grootegeluk Pit, Thaba Metsi Pit and 
the backfill) is expected to superimpose on each another, this is due to the close proximity of 
the pits with one another and concurrent backfilling. 

¡ With backfilling of the pits, recharge is expected to increase by up to 20% of the MAP (Bester 
and Vermeulen, 2009). The backfill material is also expected to be more permeable and have 
a higher storage capacity than the host rock. The estimated groundwater inflow in the 
Grootegeluk Pit will therefore increase to approximately 5000 m3/d, until mine closure in 2065. 

¡ Mining at the Thaba Metsi Pit is expected to start in 2015 and proceed until 2050. The 
expected groundwater inflow will increase with pit development and with backfilling to 
approximately 4000 m3/d. 

¡ The maximum dewatering cone is estimated to be reached in 2050 as result of simultaneous 
pits development, thereafter Thaba Metsi Pit is expected to be closed and partial recovery of 
groundwater is expected. 

¡ The heterogeneity of the aquifer and the presence of unidentified water bearing fracture zones 
with varying hydraulic properties over short distances within the mining pit areas could 
significantly increase the estimated inflow volumes and rates. 

¡ After mine closure, groundwater is expected to flow towards the pit and the water level within 
the pit is expected to recover (increase). Precipitation and regional groundwater inflow are the 
major drives for water level recovery.  

¡ It is expected that as water seeps through the backfill material, acid will be generated 
(depending on the acid generation properties of the fill material) and the main groundwater 
flow direction will be towards the pit void. The backfill material is assumed to be composed of 
waste rock discard only. 

¡ Golder Associates (2007) conducted geochemical modelling for the “discard only” scenario 
and reported that the sulphate concentration could range between 2,500 to 134,122 mg/L, 
with a likely concentration of 7,344 mg/L. The extent of the contamination plume is dependent 
on the AMD potential of the backfill material, and plumes were predicted using this 
information. 
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¡ The potential impact and seepage rates from the various facilities within the Sintel Char Plant 
were calculated based on assumptions listed in the ERM (2012) report and was approximated 
as 0.015 m3/d. 

¡ The contamination plume after 10 years of Sintel Char was simulated and was found to be 
insignificant in comparison to the plumes generated by the mine facilities in the vicinity of the 
plant 

¡ Locally the groundwater flow direction in the vicinity of the Sintel Char plant is towards the 
northwest and is affected by the local artificial recharge and groundwater abstraction. 

1.2.7 Groundwater monitoring 
The purpose of the monitoring program is to understand the current baseline conditions prior to rehabilitation 
and to identify future impacts from mining operations on the groundwater systems. It is required for 
rehabilitation to determine the occurrence, source and extent of contamination such as ARD, to verify decant 
predictions from groundwater modelling and to determine whether water treatment needs to be done as a 
part of rehabilitation. The monitoring objectives are as follows: 

¡ Identification of pollution in terms of sources and extent; 

¡ Determine borehole levels to monitor the fluctuations, to update and verify geohydrological 
models in terms of flow and decant predictions, and to establish and mitigate any possible 
aquifer dewatering impacts in the area; 

¡ Determine groundwater abstraction volumes; 

¡ Detection of incidents and anomalies (e.g. ARD and spills) so that remedial action can be 
taken; 

¡ Identification and design of appropriate water treatment technology; 

¡ Assessment of compliance with set standards and legislation; 

¡ Records and maintenance of database for evaluation; and 

¡ Risk assessment of groundwater contamination for closure planning. 

Groundwater quality and water levels must be monitored in all boreholes listed.  Sampling and analyses will 
be undertaken in accordance with methods prescribed by and obtainable from the South African Bureau of 
Standards (SABS), in terms of the Standards Act, Act 30 of 1982, and any other internationally or nationally 
accepted scientific protocols and practices or any laboratory used for monitoring or analytical work will be 
accredited. 

Water quality sampling will be done on a biannual basis and water level monitoring on a monthly basis at all 
boreholes listed in Table 3, and shown on Figure 4 and Figure 5. 

Table 3: Monitoring boreholes 
   Frequency and type 

Borehole number X coordinate Y coordinate Water quality Water level 

Water abstraction boreholes 
WB 33 56006.610 -2617117.910 Biannual Monthly 

WB 35 55604.030 -2616921.910 Biannual Monthly 

WB 36 55178.980 -2617227.430 Biannual Monthly 
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   Frequency and type 

Borehole number X coordinate Y coordinate Water quality Water level 

WB 38 55681.249 -2617900.166 Biannual Monthly 

WB 39 56786.509 -2618297.765 Biannual Monthly 

WB 41 57160.382 -2618295.718 Biannual Monthly 

WB 42 56639.399 -2618527.934 Biannual Monthly 

WB 43 56995.858 -2618035.533 Biannual Monthly 

WB 45 57608.584 -2617990.850 Biannual Monthly 

WB 46 57600.358 -2618382.685 Biannual Monthly 

WB 49 57213.903 -2617220.637 Biannual Monthly 

WB 50 57502.605 -2616430.517 Biannual Monthly 

WB 51 57304.173 -2617513.291 Biannual Monthly 

WB 52 56304.467 -2618338.412 Biannual Monthly 

WB 53 56655.056 -2617954.201 Biannual Monthly 

WB 54 57157.219 -2618313.390 Biannual Monthly 

WB 55 57714.729 -2617598.663 Biannual Monthly 

WB 56 56156.596 -2617441.945 Biannual Monthly 

WB 57 56156.792 -2616609.556 Biannual Monthly 

WB 59 56669.325 -2617293.630 Biannual Monthly 

Monitoring Boreholes 

MY1 47808.59 -2616258.61 Biannual Monthly 

MY3 47111.188 -2614843.367 Biannual Monthly 

MY4 48112.013 -2614843.393 Biannual Monthly 

MY5 49106.402 -2614848.67 Biannual Monthly 

MY6 47106.935 -2615846.335 Biannual Monthly 

MY7 48109.563 -2615845.705 Biannual Monthly 

MY8 49124.859 -2615844.269 Biannual Monthly 

MY9 50113.494 -2615842.968 Biannual Monthly 

OBS2 55874.35 -2616982.87 Biannual Monthly 

OBS3 53264.26 -2616058.11 Biannual Monthly 
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   Frequency and type 

Borehole number X coordinate Y coordinate Water quality Water level 

P32 60132.53856 -2615937.845 Biannual Monthly 

P33 60421.44179 -2615954.777 Biannual Monthly 

P34 61702.57637 -2617310.099 Biannual Monthly 

TE88 58102.1 -2620340.11 Biannual Monthly 

TE91 57863.313 -2620090.117 Biannual Monthly 

TE92 58353.181 -2620090.481 Biannual Monthly 

TE93 58852.546 -2620092.781 Biannual Monthly 

TE94 58847.354 -2619571.474 Biannual Monthly 

TE95 58856.742 -2620589.952 Biannual Monthly 

TE96 59353.76 -2620099.013 Biannual Monthly 

WB25 57698.82 -2617484.82 Biannual Monthly 

WB33 56006.61 -2617117.91 Biannual Monthly 

WB34 55907.35 -2616855.59 Biannual Monthly 

WB35 55604.03 -2616921.91 Biannual Monthly 

WB36 55178.98 -2617227.43 Biannual Monthly 

WB39 56786.509 -2618297.765 Biannual Monthly 

WB40 58067.3 -2618417.7 Biannual Monthly 

WB41 57160.4 -2618295.7 Biannual Monthly 

WB42 56639.4 -2618527.9 Biannual Monthly 

WB45 57608.494 -2617990.844 Biannual Monthly 

WB46 57599.701 -2618385.311 Biannual Monthly 

WB47 57255.395 -2617223.055 Biannual Monthly 

WB48 57563.232 -2616866.88 Biannual Monthly 

WB49 57120.454 -2617217.693 Biannual Monthly 

WB50 57503.867 -2616426.788 Biannual Monthly 

WB51 57854.856 -2617515.009 Biannual Monthly 

WB52 56304.541 -2618338.44 Biannual Monthly 

WB53 56655.52 -2617954.114 Biannual Monthly 
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   Frequency and type 

Borehole number X coordinate Y coordinate Water quality Water level 

WB54 57156.87 -2618313.64 Biannual Monthly 

WB55 57714.729 -2617598.663 Biannual Monthly 

WB56 56156.637 -2617441.952 Biannual Monthly 

WB57 56127.35 -2616607.63 Biannual Monthly 

WB58 56736.77 -2616909.34 Biannual Monthly 

WB59 56669.331 -2617293.64 Biannual Monthly 

WB60 57442.276 -2617257.204 Biannual Monthly 

WB61 58521.35 -2617488.232 Biannual Monthly 

WB62 58323.166 -2616886.77 Biannual Monthly 

WB9 54613.96 -2619831.15 Biannual Monthly 

WBR1 60138.23 -2617499.71 Biannual Monthly 

WBR10 53186.75 -2614639.05 Biannual Monthly 

WBR14P1 55329.06 -2615800.1 Biannual Monthly 

WBR14P2 55329.06 -2615800.1 Biannual Monthly 

WBR14P3 55329.06 -2615800.1 Biannual Monthly 

WBR15 56772.24 -2615746.39 Biannual Monthly 

WBR16 56073.77 -2615239.04 Biannual Monthly 

WBR17 56023.35 -2618765.29 Biannual Monthly 

WBR18 56366.03 -2618567.79 Biannual Monthly 

WBR19P1 56366.19 -2618589.44 Biannual Monthly 

WBR19P2 56366.19 -2618589.44 Biannual Monthly 

WBR2 58836.53 -2617073.59 Biannual Monthly 

WBR22P2 57848.9 -2619839.2 Biannual Monthly 

WBR24 59100.09 -2615129.47 Biannual Monthly 

WBR25 53318.66 -2616022.08 Biannual Monthly 

WBR26 57335.79 -2618125.11 Biannual Monthly 

WBR29 56817.198 -2617999.771 Biannual Monthly 

WBR3 57558 -2614853.44 Biannual Monthly 
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   Frequency and type 

Borehole number X coordinate Y coordinate Water quality Water level 

WBR30 56818.896 -2618069.684 Biannual Monthly 

WBR31 56891.815 -2617968.444 Biannual Monthly 

WBR32 57868.7 -2615835.224 Biannual Monthly 

WBR36 58197.26 -2618951.048 Biannual Monthly 

WBR38 61431.85 -2616833.838 Biannual Monthly 

WBR39 57080.59 -2619286.55 Biannual Monthly 

WBR4 58534.88 -2615515.17 Biannual Monthly 

WBR40 57103.44 -2619137.43 Biannual Monthly 

WBR41 49152.55 -2620123.58 Biannual Monthly 

WBR42 49868.07 -2621326.64 Biannual Monthly 

WBR43 56621.057 -2616254.241 Biannual Monthly 

WBR5P1 58524.12 -2614850.72 Biannual Monthly 

WBR7 60549.95 -2615488.72 Biannual Monthly 

WBR8 58809.02 -2613699 Biannual Monthly 

WBR9 55665.9 -2614092.86 Biannual Monthly 
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Figure 4: Groundwater monitoring boreholes 
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Figure 5: Groundwater abstraction boreholes 
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Table 4 sets out the monitoring requirements for groundwater samples taken to assess possible impacts 
from the mine activities on groundwater. The limits used are the drinking water quality standards (SANS 241: 
2006) for a Class I water. 

Table 4: Groundwater monitoring requirements 

Constituent Unit Limits Frequency of 
measurement 

Electrical Conductivity  mS/m < 150 Biannually 

pH pH Units 5 – 9.5 Biannually 

Total Dissolved Solids, TDS mg/ℓ < 1 000 Biannually 

Sulphate, SO4 mg/ℓ < 400 Biannually 

Nitrate as N mg/ℓ < 10 Biannually 

Chloride as Cl mg/ℓ < 200 Biannually 

Fluoride as F mg/ℓ < 1 Biannually 

Calcium as Ca mg/ℓ < 150 Biannually 

Magnesium as Mg mg/ℓ < 70 Biannually 

Sodium as Na mg/ℓ < 200 Biannually 

Potassium as K mg/ℓ < 50 Biannually 

Iron as Fe mg/ℓ <0.2 Biannually 

Manganese as Mn mg/ℓ < 0.1 Biannually 

Aluminium as Al mg/ℓ < 300 Biannually 

Water level 

Elevation mamsl  Once off 

Static Water Level (SWL) mbgl  Monthly 

 

ERM (2012) has made recommendations in the numerical modelling report with regards to the monitoring 
programme.  These recommendations were based on information gaps identified during the modelling 
investigation.  It is advised that these recommendations be applied especially with regard to the information 
gaps identified and the ongoing maintenance of the network as mining progresses.  

 

2.0 ENVIRONMENTAL IMPACT ASSESSMENT 
The Grootegeluk Mine has been operational since the 1980s.  The pit is located to the west of the plant and 
is being developed in an east to west direction.  This impact assessment considers the following basic 
infrastructure: 

¡ An open cast pit;  

¡ Six processing plants; 
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¡ Coal stockpiling areas; 

¡ A number of discard dumps of which only Dumps 4 and 5 are active; 

¡ Water management dams and pipelines; 

¡ Slimes dams of which only Dams 1 and 2 are active; 

¡ Mine roads and conveyors; 

¡ A railway line; 

¡ An explosives magazine; 

¡ Laboratory, change houses and offices; 

¡ A Sasol Nitro storage site; 

¡ A Total fuel depot; 

¡ A waste storage yard; 

¡ A char plant; and  

¡ A work shop area. 

In addition to this some new infrastructure is currently under construction or will soon be constructed, this 
includes: 

¡ The Medupi Expansion Project; 

¡ The New Sewage Treatment Plant; and  

¡ Eskom’s coal silo and conveyor. 

2.1 Methodology for the assessment of impacts 
The significance of the identified impacts on the various environmental components will be determined using 
the approach outlined below. This incorporates two aspects for assessing the potential significance of 
impacts (terminology from the Department of Environmental Affairs and Tourism Guideline document on 
EIA Regulations, April 1998), namely occurrence and severity, which are further sub-divided as follows: 

Occurrence Severity 

Probability of occurrence Duration of occurrence Magnitude (Severity) of 
Impact Scale / Extent of Impact 

 

In order to assess each of these factors for each impact, the following four ranking scales will be used: 

 

Probability (P) Duration (D) 

5 - Definite / Don’t know 5 - Permanent 

4 - Highly Probable  4 - Long-term (impact cease after the operational life 
of the activity) 

3 - Medium Probability 3 – Medium-term (5-15 years) 
2 – Low probability 2 – Short-term (0-5 years) 
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Probability (P) Duration (D) 

1 – Improbable  1 – Immediate 
0 – None  
Scale (S) Magnitude (M) 

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  

 

Once these factors have been ranked for each impact, the significance of the two aspects, occurrence and 
severity, will be assessed using the following formula: 

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

The maximum value is 100 significance points (SP). The environmental effects are then rated as of High 
(>75 SP), Moderate (50 - 75 SP) or Low (<50 SP) significance, both with and without mitigation measures 
and for both occurrence and severity, on the following basis: 

SP >75 Indicates high environmental 
significance 

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

SP 50 - 75 Indicates moderate 
environmental significance 

Where it could have an influence on the 
decision unless it is mitigated. An impact or 
benefit which is sufficiently important to 
require management. Of moderate 
significance - could influence the decisions 
about the project if left unmanaged 

SP <50 Indicates low environmental 
significance 

Where it will not have an influence on the 
decision. Impacts with little real effect and 
which should not have an influence on or 
require modification of the project design or 
alternative mitigation 

 

The various impacts were assessed in this regard and impact reduction measures were planned into the 
process from the pre-feasibility assessment stage of the project.  

2.2 Environmental Impact Assessment for the Grootegeluk Mine 
A summary of the environmental impact assessment for construction, operation and decommissioning / 
closure of Grootegeluk Mine with regards to potential negative impacts to is presented in Table 5. 

Table 5: Summary of the environmental impact assessment for Grootegeluk Mine (The ü refers to the 
presence of potential negative impacts only, û refers to no impact) 
 Phase 
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Construction Operational Decommissioning 
& Closure 

Po
te

nt
ia

l I
m

pa
ct

 

Geology 
 û ü û 

Climate 
 û û û 

Topography 
 ü ü ü 

Soils 
 

ü ü ü 

Land Capability & use 
 

ü ü 
û 

Flora 
 

ü ü 
û 

Fauna 
 

ü ü 
û 

Surface Water 
 

ü ü 
û 

Groundwater 
 ü ü ü 

Air quality 
 

ü ü ü 

Noise 
 

ü ü ü 

Archaeological & heritage 
sites 
 

ü 
û û 

Sensitive landscapes 
 

ü 
ü û 

Visual aspects 
 û 

ü ü 

Socio-economic aspects 
 û û ü 

  

The results of the EIA for the construction, operational and decommissioning/closure phases of the 
Grootegeluk Mine operations are detailed in Table 6 (impact matrix) and Table 7 (impact details). 

The construction phase includes the Medupi expansion project, New Sewage Treatment Plant, and the 
Eskom coal silo and conveyor. The major construction activities include the earthworks required to prepare 
the area on which the extension will be built with associated infrastructure.  

Operation phase include the mining operations until the end of life of mine, and closure phase will be in 
accordance with Palabora’s mine-wide closure plan. 
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Table 6: Environmental impact assessment matrix - Construction, Operational and Decommissioning Phase, East Paddock. 

Potential Environmental Impact 
Construction Phase Operational Phase Decommissioning Phase 

Environmental Significance Environmental Significance Environmental Significance 
M D S P Total SP M D S P Total SP M D S P Total SP 

Geology                   
Pit expansion  N/A N/A N/A N/A N/A N/A 8 5 2 5 75 H N/A N/A N/A N/A N/A N/A 
Climate                   
Topography                   
Soils                   
Land Capability and Use                   
Flora                   
Fauna                   
Surface Water                   
Groundwater                   
Effect of groundwater flows and 
levels - dewatering N/A N/A N/A N/A N/A N/A 8 4 3 5 75 H 8 5 1 4 56 M 

Effect of groundwater flows and 
levels – mounding from dams, 
dumps, etc 

N/A N/A N/A N/A N/A N/A 4 3 2 5 45 L 2 4 2 5 40 L 

Effect on groundwater quality 
during normal operations  N/A N/A N/A N/A N/A N/A 8 5 2 5 75 H 6 5 2 5 65 M 

Effect on groundwater quality in 
the event of spillage/accidents 4 1 1 2 12 L 4 1 1 2 12 L 4 1 1 2 12 L 

Air Quality                   
Noise                   
Archaeological and heritage sites                   
Sensitive landscapes                   
Visual aspects                   
Socio-economic aspects                   
  



EXXARO GROOTEGELUK  

 

April 2012 
Report No. 10613055 - 12286 - 6 26 

 

Table 7: Detailed Environmental Impact Assessment – Construction, Operational and Decommissioning phases 
Area of 
impact 

Construction phase Operational phase Decommissioning phase 

Geology No impact. 
The planned new infrastructure will have no 
impact on the geology 

High impact. 
The excavation and expansion of the 
open cast pits will permanently remove 
geological formations and backfill will be 
with discard material 

No impact. 
It is assumed that the open pits will be 
backfilled during the operational phase. 

Groundwater Low impact. 
Minimal groundwater impacts will be experienced 
during the construction phase of the new 
infrastructure.  Impacts will be restricted to 
spillages and accidents of hazardous materials 
(i.e. oils, greases, chemicals) during the 
construction phase. Measures such as good 
house-keeping practices, dedicated bunded 
areas for hazardous chemicals and repair of 
vehicles, need to be in place by contractors, to 
minimise impacts. 

High impact. 
Due to mine dewatering, groundwater 
flow is currently mainly towards the 
Grootegeluk open pit. The static, pre-
mining groundwater level in the 
Grootegeluk area was in the order of 
30m below surface. The groundwater 
impact due to the combined activities 
(Grootegeluk Pit, Thaba Metsi Pit and 
the backfill) is expected to superimpose 
on each another, this is due to the close 
proximity of the pits with one another 
and concurrent backfilling. 
Due to the aquifer heterogeneity in the 
project area, the radius of influence is 
not uniform. The Daarby Fault is a 
groundwater flow barrier and 
groundwater inflow from the north of this 
fault is limited, with insignificant 
expansion of the dewatering cone to the 
northern compartment. Karoo Aquifer(s) 
west of the Grootegeluk Pit are more 
permeable due to fracturing and the 
dewatering cone is expected to expand 
mainly in these aquifer systems. The 
maximum radius of the dewatering cone 
is therefore to the west, estimated at 

Moderate impact. 
The maximum dewatering cone is 
estimated to be reached in 2050 as 
result of simultaneous pits 
development, thereafter Thaba Metsi 
Pit is expected to be closed and partial 
recovery of groundwater is expected. 
After mine closure, groundwater is 
expected to flow towards the pit and 
the water level within the pit is 
expected to recover (increase). 
Precipitation and regional groundwater 
inflow are the major drives for water 
level recovery. 
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Area of 
impact 

Construction phase Operational phase Decommissioning phase 

approximately 11 km. 

Low impact. 
Groundwater levels increased 
significantly in the entire area north of 
the Daarby fault (which acts as an 
(semi)impermeable barrier) where 
increased artificial recharge occurred 
because of surface water spills, unlined 
surface water containment facilities like 
tailings dams, process water dams and 
storm water control dams as well as 
water drainage from product beds and 
stockpiles. 
Mitigation measures to minimise these 
impacts include lining of new and 
existing facilities (where possible), and 
shallow dewatering boreholes in areas 
where groundwater mounding cause 
problems. 

Low impact. 
It is expected that this mounding of 
groundwater will decrease after 
closure, and water levels should 
recover to normal as artificial recharge 
will decrease after operations cease. 

High impact. 
Many of the contaminant source areas 
were lined over time, which reduced the 
rate of contaminant mass release 
significantly; the available monitoring 
data of 2009 indicates an increase trend 
in sulphate concentration (and other 
contaminants) in the vicinity of these 
source areas and this have a negative 
impact on the basalt aquifer. Most of the 
contaminant sources are located in the 
northern compartment on the basalt 
aquifer which is the main water bearing 
zone. From the sulphate concentration 

Moderate impact. 
The contaminant sources identified will 
continue to have a negative impact 
after closure, however, the impact can 
be reduced by mitigation and 
management of the groundwater 
systems post closure. 
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Area of 
impact 

Construction phase Operational phase Decommissioning phase 

distribution (ERM, 2012), it is evident 
that the impact is not restricted to the 
source areas only but do migrate to the 
east and south. Insignificant 
contaminant mass is however expected 
to have migrated across the Daarby 
Fault due to its impermeable nature. 
It is expected that as water seeps 
through the backfill material, acid will be 
generated and the main groundwater 
flow direction will be towards the pit 
void. The backfill material is assumed to 
be composed of waste rock discard 
only. Geochemical modelling for the 
“discard only” scenario reported that the 
sulphate concentration could range 
between 2,500 to 134,122 mg/L, with a 
likely concentration of 7,344 mg/L. The 
contamination plume at the Sintel Char 
was simulated and was found to be 
insignificant in comparison to the 
plumes generated by the mine facilities 
in the vicinity of the plant. 
Continue monitoring of areas of concern 
and hydraulically control flow towards 
the pit to prevent off-site migration. 
Low impact. 
Impacts will be restricted to spillages 
and accidents of hazardous materials 
(i.e. oils, greases, chemicals) during the 
operational phase.  There is evidence 
that organic groundwater contamination 
can result from the activities at the 

Low Impact. 
Minimal groundwater impacts will be 
experienced during the closure phase 
of mine infrastructure.  Impacts will be 
restricted to spillages and accidents of 
hazardous materials (i.e. oils, greases, 
chemicals). 
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Area of 
impact 

Construction phase Operational phase Decommissioning phase 

Sintel char plant. Mitigation include 
preventative measures such as bunded 
areas for hazardous chemicals, good 
house-keeping and monitoring of 
organic contamints as early warning 
system. 
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EXECUTIVE SUMMARY 

Exxaro Resources Ltd (Exxaro) is currently developing three projects at the 

existing Grootegeluk Mine near Lephalale in the Limpopo Province, namely 

the Thaba Metsi Project, Grootegeluk Backfill Project and the Reductant 

Expansions Project.   

 

Environmental Resources Management Southern Africa (Pty) Ltd (ERM) was 

appointed to assess the potential impacts of these projects on the groundwater 

environment.  This assessment was conducted in support of the 

Environmental Impact Assessment (EIA)/Environmental Management Plan 

(EMP) and Integrated Water Use License Application (IWULA) applications.   

 

Following the review of existing reports, surface geophysical survey, borehole 

drilling and aquifer testing, a conceptual site model (CSM) was developed.  

The CSM was later translated to a numerical model and potential were 

assessed.   

 

Conceptual Site Model 

 

The simplified conceptual model is summarised as follows: 

 

• The aquifer systems at the Grootegeluk area are simplified and 

conceptualised to be composed of three units: the top weathered aquifer, 

the primary (porous) aquifer and the fractured secondary aquifer. 

 

• The thickness of the weathered zone is variable but is approximated to be 

7 m. The pre-mining steady state water level is about 28 mbgl which 

means that the weathered zone is unsaturated and not classified as an 

aquifer as it is not water-bearing.  However, due to artificial recharge from 

the various mining operations, the zone is expected to be saturated locally.   

 

• The primary (porous) aquifer is less permeable but plays part in water and 

contaminant storage. The occurrence and movement of groundwater is 

largely controlled by the structural geology and lithological zones.   

 

The secondary fractures represent the preferential flow paths for the 

groundwater flow and contaminant migration.  The Daarby Fault acts as a 

flow barrier and separates the groundwater flow system into northern and 

southern compartments.  Contaminants are released from the source areas and 

are restricted to the northern compartment. 
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Model Set Up 

 

The model setup entails selecting the model domain, boundary conditions, 

initial values, model discretization, and preparing the model input data.   

 

• MODFLOW (PMWIN Pro), Version 7.1 (Chiang, 2005) was used to simulate 

groundwater flow.   

 

• Based on the request of Grootegeluk Mine, a regional model was 

developed to incorporate an area of 1,290 km2 whereby the Grootegeluk 

Pit is at about the centre of the domain.  

 

• The model domain is defined by the following boundaries: 

• On the north by the Zoetfontein Fault; 

• On the northeast by the Mokolo River; 

• On the east, by the A42J andA42H catchment boundaries; 

• Along southeast, by the A42J and A42G catchment boundaries; and 

• The rest of the model boundary does not coincide with any significant 

geological or geographical features but is located south-east of the 

Limpopo River and north of the Waterberg Mountains. 

 

• A rectangular mesh was generated over the model domain, consisting of 

319 rows and 471 columns.  The mesh was refined in the vicinity of the 

Grootegeluk Mine and proposed Thaba Metsi Pit sites to cell sizes of 

65 x 65 m.  Cell dimensions of the outside part of the model domain are set 

at 400 x 400 m. 

 

• The shallow weathered aquifer (top of the model domain) is assigned as an 

unconfined layer.  The fractured aquifer and coal seam zones are 

simplified as being confined along fractures and bedding planes. 

 

Steady State Model Results 

 

The pre-mining (pre 1980) baseline groundwater conditions were simulated 

using the steady state model and shows that: 

 

• The water level follows the topography and is approximately 28 mbgl in 

the Grootegeluk Mine.  The regional flow direction is from south 

(Waterberg Mountains) to the north-east (Mokolo River) and north-west 

(Limpopo River). 

 

• The groundwater water balance indicated that the sources of water were 

recharge (32%), inflow from the Mokolo River (7%) and regional inflow 

(61%) from adjacent aquifers, mainly from the south.  The loss of Mokolo 

River to the groundwater was expected to occur locally when the river 

head was above the groundwater level. 

 

• The water balance also indicated that the Mokolo River is mainly a gaining 

stream whereby 15% of the outflow joins the river as a baseflow.  The 
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remaining 85% outflows to the adjacent aquifers, mainly on the north-west 

part and is finally expected to join the Limpopo River which is beyond the 

model domain. 

 

• Sensitivity analysis indicated that the model was most sensitive to the 

recharge, because it has been applied across the entire model domain.  

Although the model was sensitive to the hydraulic conductivities of the 

various aquifer zones, it was less sensitive in comparison to the recharge.   

 

Transient State Model Results 

 

The historical (1980 – 2010) and future mining impacts on the groundwater 

level and quality was simulated with the transient model.   

 

• Due to the aquifer heterogeneity of the project area, the radius of influence 

is not expected to be uniform.  The dewatering cone is not expected to 

expand to the north due to the Daarby Fault being a flow barrier.  The 

main radius of influence is to the west due to the highly fractures Karoo 

aquifers and is estimated to be approximately 11 km. 

 

• Artificial recharge has resulted in groundwater mounding in the northern 

compartment, mainly the basalt aquifer.  This however is expected to be 

local and confined to the northern compartment due to the impermeable 

Daarby Fault.   

 

• The groundwater water balance indicated that at present the sources of 

water are regional inflow from adjacent aquifers (53%), natural recharge 

(26%), aquifer storage (11%), artificial recharge (6%), and inflow from the 

Mokolo River (4%). 

 

• Water is being removed from the system by regional groundwater 

outflow (63%), pit mine dewatering (23%), baseflow to the Mokolo River 

(10%), aquifer storage (4%), and groundwater abstraction (0.1%). 

 

• Most of the contaminant sources are located north of the Daarby Fault and 

therefore contaminant mass is not expected to be intercepted by the mine 

pit.  Although the Mokolo River is at a distance from the sources, if the 

contaminant plumes intersect fractures, they can migrate at a faster rate 

and potentially reach the Mokolo River. 

 

• The Mokolo River was the major receptor identified within the model 

domain.  No information was obtained on the number and distribution of 

private groundwater users and therefore the impact on the groundwater 

users was not conducted.   

 

Scenario Modelling 

 

The groundwater impact due to the combined activities (Grootegeluk Pit, 

Thaba Metsi Pit and the backfill) was simulated and indicated that: 
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• Due to the higher recharge rates and increased hydraulic properties of the 

backfill (transmissivity and storativity), the groundwater inflow into the 

pits are expected to increase.  The estimated inflow will be approximately 

5,000 m3/d for the Grootegeluk Pit and 4,000 m3/d for the Thaba Metsi Pit. 

 

• The maximum cumulative dewatering cone and impact on the 

groundwater level is estimated to be reached in 2050 as result of 

operations in both pits.  Thereafter Thaba Metsi Pit is expected to be closed 

and partial groundwater levels recovery is expected. 

 

• The mean potential evaporation rate is more than three times the mean 

annual precipitation rate.  With the evaporation pond in place, a cone of 

depression will remain post closure with the groundwater flow direction 

towards the centre of the pit.  This will prevent any potential acid mine 

drainage from migrating away from the mine site.  Even if there is no final 

pit void for evaporation by assuming the pit to be completely backfilled, 

no surface decanting is expected and the water level will recover to pre-

mining level in approximately 250 years. 

 

• The potential contaminant plume from the Sintel Char Plant will be 

limited in extend and will be restricted within the plant footprint.  The 

local groundwater flow direction in the vicinity of the plant is from the 

southeast (current coal stockyard of the Grootegeluk Mine).  This could 

have an implication as seepage from the stockyard could migrate towards 

the plant. 

  

Recommendations 

 

Based on limited intrusive program and available data, ERM produced a CSM 

and numerical model.  The confidence level of the modelling results can be 

increased by:  

 

• The estimated radius of influence of mine dewatering as well as inflow 

rates into the pits depend on the hydraulic properties of the porous and 

fractures aquifers.  The aquifer parameters applied are based on limited 

aquifer tests.  More aquifer test is required over a larger part of the model 

domain. 

 

• The majority of the monitoring boreholes are located within a 5 km radius 

from the pit centre and groundwater drawdown up to 40 m has been 

measured as far as 4.5 km from the pit centre.  This indicates that the 

radius of influence of mine dewatering potentially extend beyond the 

existing monitoring network.  It is recommended that monitoring network 

be extended beyond the 5 km pit radius, to accurately determine the 

radius of groundwater influence form the open pit and groundwater 

quality impacts.  By comparing the current water level with the pre-

mining water level, an accurate radius of influence in all directions of the 

pit can be obtained. 
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• To estimate the contaminant mass potentially intercepted by the Mokolo 

River, it is recommended that the groundwater and Mokolo River 

interaction be studied and the fractures connecting the contaminant 

sources with the river be evaluated.  This can be achieved by installing a 

set of boreholes suitable for monitoring the concentration gradient 

towards the river.  The interaction between the groundwater and Mokolo 

River can be conducted by installing piezometers in the proximity of the 

river.  

 

• Detailed study on the number and distribution of private groundwater 

users in the vicinity of the mine has to be conducted in order to assess the 

impact of mining on the private users.   

 

• The estimated amount of sulphate mass release is based on mass transport 

modelling with limited information.  To improve the confidence level of 

results, it is recommended that an ABA analysis and geochemical 

modelling for all the potential sources identified is carried out. 

 

• The model is most sensitive to the recharge value, as relatively small 

changes in the recharge values affect the correlation between the observed 

and simulated water levels.  A recharge assessment in the project site is 

recommended to improve the model confidence level. 

 

• An artificial recharge investigation is recommended to minimise the 

impact of the artificial recharge on the chemistry and mounding of the 

groundwater.  A sustained abstraction and monitoring network could 

prevent pollution, optimize reuse of process water and reduce external off-

take of clean water. 

 

• The chemical properties of backfill material are studied and sufficient data 

is available (Golder Associates, 2007).  The backfill hydraulic properties 

(recharge, transmissivity, and storativity values) are however not available 

and assumptions are made during this investigation.  To improve 

estimated influence of the backfill material on the pit inflow rates and 

mass transport, therefore these properties must be studied.   

 

• A large-scale numerical model is helpful in assessing the regional impact 

assessment.  For a detailed site specific investigation however, a small-

scale model is required.  The impact of the smaller-scale mine 

infrastructures, such as the Sintel Char, can be evaluated more accurately 

using such model. 

 

• Locally the groundwater flow direction in the vicinity of the Sintel Char 

plant is towards the northwest and contamination plumes from the 

current stockyard are expected to flow towards the plant.  Monitoring 

boreholes on the southwest and northeast of the plant are required to 

supervise the quality of the inflow and outflow from the plant, 

respectively.  
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1 INTRODUCTION 

Exxaro Resources Ltd (hereafter referred to as Exxaro) is developing three 

projects at the existing Grootegeluk Mine near Lephalale in the Limpopo 

Province.  The projects include the Thaba Metsi Project (proposed new mine 

pit), Grootegeluk Backfill Project (backfilling of the existing mine pit with 

backfill) and the Sintel Char plant (Reductant Expansions Project). 

 

Environmental Resources Management Southern Africa (Pty) Ltd (hereafter 

referred to as ERM) was appointed to conduct a hydrogeological study in 

support of the Environmental Impact Assessment (EIA) / Environmental 

Management Plan (EMP) and Integrated Water Use Licence Application 

(IWULA) applications of the above projects.  The study was initiated on 18 

January 2010. 

 

1.1 BACKGROUND 

Mining at Exxaro’s Grootegeluk Pit commenced in 1980 and is still in 

operation.  The pre-mining water level in the area was approximately 

28 metres below ground level (mbgl) and dewatering is expected to have 

commenced in the early stages of mining.  Mining is expected to continue 

until 2065. 

 

Exxaro is also planning to commence a new mining pit (Thaba Metsi Pit) 

approximately 8 km northwest of the existing pit (Figure 2.1).  Sufficient 

baseline qualifications are required in terms of the hydrogeology of the 

proposed project and surrounding areas to determine the pre-mining 

environmental status.   

 

As mining progresses in the existing open pit (Grootegeluk Pit), mined out 

sections are proposed to be backfilled with discard rock.  Discard is currently 

disposed of on the surface dump.  A pre-feasibility study on the use of discard 

for backfilling of the open pit was conducted by Grootegeluk Mine and 

assessed alternative means to manage discard material and concluded that 

backfilling in the open pit was the optimum solution.  A potential impact of 

the backfill on the groundwater environment was assessed during this 

investigation. 
 

Exxaro has recently commenced a Reductant Manufacturing Complex 

consisting of a 4-retort Char Plant (Phase 1).  The complex is expected to 

expand and include 8-retort Char plant, 120 Coke Oven Batteries and a 90 MW 

Power Generation Plant (Phase 2).  In this study, the potential impact of the 

various facilities within the Char Plant (Sintel Char) on the groundwater 

environment is assessed.   

 



ENVIRONNEMENTAL RESOURCES MANAGEMENT EXXARO : GROOTEGELUK MINE 

2 

1.2 OBJECTIVES 

The objective of the geohydrological study is to quantify groundwater impacts 

as a result of current and planned future mining activities and include the 

following:  

 

• To develop a regional numerical model to evaluate the groundwater 

impacts of the on-going activities at the Grootegeluk Mine; 

 

• To assess the pre-mining groundwater baseline at the proposed Thaba 

Metsi Pit; 

 

• To predict future groundwater conditions as a result of mining at the 

Thaba Metsi and Grootegeluk opencast pits;  

 

• To simulate the impacts of the proposed backfill on the groundwater 

quality and level; 

 

•  To simulate the impacts of the Sintel Char plant on the groundwater 

quality and levels; and 

 

• To evaluate the post-closure groundwater recovery rates and resultant 

contaminant plumes. 

 

 

1.3 SCOPE OF WORK 

The scope of work has been conducted over several steps and included the 

following: 

 

• Project initiation and data review; 

 

• Groundwater non-intrusive and intrusive work.  These include: 

 

• Surface geophysical surveying; 

• Drilling of monitoring boreholes; 

• Aquifer and slug tests; 

• Groundwater sampling during aquifer testing; and 

• Soil sampling in the vicinity of the Sintel Char to assess the organic 

contamination extent (if any).   

 

• Development of the conceptual site model (CSM); 

 

• Baseline groundwater numerical modelling of the Grootegeluk Mine; 

 

• Incorporation of the proposed Thaba Metsi Pit into the baseline model; 

 

• Incorporation of the Sintel Char plant into the baseline model; 
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• Incorporation of the proposed backfill design into the baseline model; and 

 

• Reporting for inclusion in the Grootegeluk EMPR/EIA and WULA 

documents. 

 

 

1.4 QUALITY INSURANCE 

All intrusive work has been carried out according to ERM’s Standard 

Operating Procedures. 
 

ERM sampling and decontamination procedures as per the ERM operating 

procedures for groundwater sampling were followed during the sampling 

program to ensure the collection of representative samples and to minimize 

the potential for cross-contamination between samples. 
 

Samples were handled stored and transported to the laboratory in accordance 

with established protocols using chain of custody documentation which was 

used to track samples to the contract laboratory and to ensure that the correct 

analysis were performed.  Samples were placed in laboratory prepared 

(inorganic and metal analysis) 1.0 liter plastic sample containers. 
 

Soil samples for organic analyses were collected in laboratory provided 

bottles, labeled and transported in cooler boxes to minimize any volatilization.  

Soil samples were analyzed by Terra Test Laboratory, in Netherlands. 

   

 

1.5 HEALTH AND SAFETY 

ERM is committed to maintaining a working environment that will protect 

and promote the physical and mental health of everyone who works for the 

company, and other people, that may be affected by ERM’s activities.   

 

In accordance with ERM’s and Exxaro’s Health and Safety Policy, ERM 

prepared a site-specific Health and Safety Plan (HASP) prior to undertaking 

all fieldwork, i.e. the geophysical surveying, drilling, aquifer testing and soil 

sampling.  The HASP included an assessment of the potential health risks and 

physical hazards that possibly could be encountered during the fieldwork.  

The HASP document was submitted to and discussed with Exxaro prior to 

initiation of all fieldwork.   

 

Prior to commencement of fieldwork, contractors and members of the ERM 

team signed the HASP document and familiarised themselves with all aspects 

of the HASP.  All work was carried out under the Grootegeluk Health & 

Safety procedures and full liaison with site management was maintained 

throughout the duration of the work. 
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1.6 REPORT STRUCTURE 

The remainder of the report is structures as follows: 

  

Section 2:   Site Description 

Section 3:   Methodology 

Section 4:  Conceptual Model 

Section 5:  Numerical Model 

Section 6:  Model Results 

Section 7:  Conclusions 

Section 8:  Recommendations  
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2 SITE DESCRIPTION 

The site description (including the geology) of Grootegeluk Mine is sourced 

from previous reports, including: the Ellisras 1:250 000 Geological map series, 

Roux (2004) and Johnstone (1989). 

 

 

2.1 LOCALITY 

The Grootegeluk Mine is located in the Limpopo Province, in the northern 

part of the Republic of South Africa.  The mine is situated at the coordinates of 

(X = 55 189 m, Y = -618 544 m), approximately 21 km west of the town of 

Lephalale (Figure 2.1).  Coordinates are given in Transverse Mercator Lo27 

projection and WGS84 datum.   

 

 

2.2 TOPOGRAPHY 

The mine is located at elevation ranging between 900 and 922 mamsl (metres 

above mean sea level).  The topography is generally flat except for elevated 

areas of Nelsonskop (922 m) in the north and the Waterberg Mountains 

(1500 m) in the south of the project area. 
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2.3 PRECIPITATION AND EVAPORATION 

A comprehensive precipitation record was obtained from Exxaro.  The record 

was available in the Ms Excel based WISH database and covers from 1980 to 

2010.  The applicable rain gauge is ‘R1’, located at the mine coordinates of 

(x = 57 770m, y = -617 465m).   

 

The area has a semi-arid climate with a mean annual precipitation (MAP) of 

427 mm/a recorded over the period of 1980 to 2010 (Figure 2.2).  The highest 

MAP occurred in 2000 (723 mm) and 2004 (765 mm), while the lowest MAP 

occurred in 2003 (238 mm) and 2005 (222 mm).   

 

The mean annual evaporation is more than three times that of the rainfall.  

Annual evaporation varies between 1800 – 2000 mm/a (Bester and Vermeulen, 

2009), across the project area. 

Figure 2.2 Mean annual precipitation at the Grootegeluk Mine 

 

 

2.4 SURFACE WATER CATCHMENT 

The project area falls within the quaternary catchments of A42J and A41J of 

the Limpopo Water Management Area.  The surface drainage is generally to 

the north (Limpopo River) and northeast (Mokolo River).  It is uncertain 

whether sections of the rivers are losing or gaining.  Overall the groundwater 

elevation within the model domain is higher than the stages of the Limpopo 

and Mokolo Rivers and the rivers are expected to be gaining.  Detailed 

discussion on the groundwater/surface water interaction is provided in 

Section 4.3. 
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2.5 GEOLOGY 

The Grootegeluk Mine exploits coal from the Waterberg coalfield.  The 

coalfield extends westwards into Botswana.  The Waterberg coalfield covers 

an area of approximately 88 km (east to west) and 40 km north-south.  The 

coalfield is fault-bounded and forms a graben structure.  The Eenzaamheid 

Fault forms the southern boundary, with rocks of the Waterberg Group 

occurring to the south and the Karoo to the north.  The northern boundary is 

delineated by the Zoetfontein fault with Archaean granites outcropping north 

of the fault. 

 

The coalfield is further subdivided by the Daarby Fault that delineates a 

shallower, western part of the coalfield, which is suitable for opencast mining 

and a deep north-eastern part not suitable for opencast mining.  The 

Zoetfontein Fault was tectonically active before and during Karoo deposition, 

while the Eenzaamheid and Daarby faults - as most of the other faulting in the 

Waterberg coalfield - are younger than the Karoo sequence.   

 

Sedimentation occurred in a shallow east-west striking trough and the general 

direction of transport was ENE-WSW.  Karoo sediments are deposited on the 

Waterberg Group in the southern portion of the coalfield, while the basement 

rocks to the north of the Zoetfontein Fault are Archaean rocks.  The paleo-floor 

in the eastern portion consists of granite and basic rocks of the Bushveld 

Igneous complex.  Relatively few dolerite dykes outcrop in the south-eastern 

portion of the coalfield and no sills have been intersected in any of the 

exploration boreholes.  Figure 2.4 presents the surface geology of the 

Waterberg coal field.  Figure 2.5 illustrates a cross section of the Waterberg 

Coal Field across the Daarby Fault. 

 

2.5.1 Stratigraphy 

The stratigraphic sequence in the project area is summarised below and in 

Table 2.1 and Figure 2.3: 

 

Karoo Super Group 

Most of the Karoo Super Group sediments are present, including in sequence 

of deposition: Dwyka Group, Ecca Group, followed by the Beaufort Group.  

The Karoo Super Group is underlain by the Waterberg Group.  The lithologies 

of each of the subgroups are as follows: 

 

Dwyka Group: consists primarily of a grey diamictite with rounded pebble 

conglomerate as well as fluvioglacial gravels, products of glacial weathering, 

in places.  The Dwyka is approximately 3 m thick. 

 

Ecca group: The Ecca group overlays the Dwyka group and can be subdivided 

into three distinct lithological units, the Lower Ecca or Pietermaritzburg shale, 

the Middle Ecca or Vryheid formation and the Upper Ecca or Volksrust 

formation.   
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The Lower Ecca is comprised of shale, sandstones and gravel in the lower 

portions and is approximately 150 m thick in this area. 

 

The Middle Ecca or Vryheid formation in the Waterberg coalfield comprises 

thick yellowish to white, cross-bedded sandstone and siltstone with 

intercalated dark grey carbonaceous sandy shale and inter-bedded dull coal 

seams varying in thickness between 1.5 m to 9 m.  The Middle Ecca is 

approximately 55 m thick in the Waterberg coalfield. 

 

The Upper Ecca, approximately 60 m thick, typical shale of various hues of 

bluish-grey to darker more carbonaceous grey, is uniquely interspersed with 

intercalated and interlaminated bright coal seams.  Cyclic sedimentation 

notably upward coarsening cycles, starting with a bright coal at the base with 

the coal to shale ratio gradually decreasing upwards and finally grading into 

relatively pure shale on top are distinguished.  The shale show an increase in 

carbon content with depth, starting with a light bluish grey mudstone on top 

graduating to very dark grey carbonaceous shale at its base.   

 

Beaufort group: is comprised of shale of various hues of purple alternating 

with greenish grey in the upper portion, while light grey mudstones 

predominate at the base.  The unit is approximately 90 m thick to the north of 

the Daarby fault, which divides the coalfield into a shallow and deep portion.  

The full 90 m thickness only occurs north of the Daarby fault in a small 

rectangular faulted block where the entire sequence has been preserved. 

 

The Stormberg group overlies the Beaufort group is subdivided into 4 distinct 

lithological units. 

 

The Molteno Formation comprised of white, medium to coarse grained 

sandstones and is approximately 15 m thick.  The Molteno Formation is 

succeeded by the Elliott formation. 

 

The Elliot Formation consists primarily of reddish brown to chocolate brown 

clayey mudstone, marls with interspersed calcareous nodules, thin white 

sandstone lenses are also encountered in the upper portions.  The Elliott 

formation is approximately 90 m thick.  The Elliott Formation is overlain by 

the Cave Sandstone or Clarens formation. 

 

The Clarens Formation is comprised of creamy white to yellowish to reddish 

brown, fine grained, well sorted aeolian sandstone, relatively calcareous with 

interspersed calcareous nodules.  The formation thins rapidly northwards 

from the Daarby fault where it has a maximum thickness of 150 m, though the 

average thickness is of the order of approximately 80 m.  The Clarens 

Formation is overlain by the Drakensberg Basalt or Letaba Formation. 

 

The Letaba Formation (Drakensberg Basalt) is preserved as a small lenticular 

wedge north of the Daarby fault.  The Letaba Formation is comprised of 

successive lava flows appearing almost as distinct beds, the lava is dark grey 
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to black but weathers chocolate brown to purplish, extremely fine crystalline 

to coarse to amygdaloidal in parts with amygdales present towards the bases 

of successive flows.  The basalts are fractured and weathering is found 

between successive lava flows.  Thin lenses of sandstone similar to the Clarens 

formation also occur between lava flows especially near the base.  The Letaba 

formation varies between a maximum of 120 m and 90 m thickness in this 

region.   

 

Quaternary deposits 

Recent Quaternary deposits occur north of the Daarby fault and are mainly 

derived from the weathering of the Clarens formation.  These deposits consist 

of fine to medium grained, well rounded, well sorted sand, while the region 

south of the Daarby Fault is covered by angular, poorly sorted sands derived 

from the weathering of the Waterberg Group.  Where soils have developed 

they consist of loose to medium dense, medium to fine grained sand.  Calcrete 

and ferricrete is often developed above the Beaufort and Ecca Groups and is 

normally associated with faulting and jointing within the in-situ rock masses 

and the movement of groundwater. 

 

Table 2.1 Stratigraphy of the Waterberg Coal Field 

Age Supergroup / 

Group 

Formation Alternative Name Lithology 

Jurassic Karoo Letaba Letaba Formation Basalt 

Triassic Karoo Clarens Clarens Formation Fine-grained, cream 

coloured sandstone 

Triassic Karoo Lisbon Elliot Formation Red mudstone and 

siltstone 

Triassic Karoo Greenwich Molteno 

Formation 

Red Sandstone and 

conglomerate 

Triassic Karoo Eendragtpan Beaufort Group Variegated shale 

Permian Karoo Grootegeluk Upper Ecca Group Mudstone, carbonaceous 

shale and coal 

Permian Karoo Goedgedacht Middle Ecca 

Group 

Gritty mudstone, 

mudstone, sandstone coal 

Permian Karoo Swartrand Lower Ecca Group Sandstone, gritstone, 

mudstone, coal 

Permian / 

Carbonifer

ous 

Karoo/Dwyka Wellington Dwyka Group Mudstone, siltstone, minor 

grit 

Carbonifer

ous 

Karoo/Dwyka Waterkloof Dwyka Group Diamictite, mudstone 
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Figure 2.3 Stratigraphy and correlation of the Karoo Supergroup in the north-eastern 

part for the main Karoo Basin and the Springbok Flats, Ellisras, Tshipise and 

Tuli Basins    

 

 
Source: Council for Geosciences, 2006 
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Figure 2.5 Geological cross section of the Waterberg Coal fields 

 

 

2.5.2 Structural Geology 

Three major structures traverse the study area, i.e. Zoetfontein, Daarby and 

Eenzaamheid Faults, as well as several minor faults and fractures (Figure 2.4): 

 

Zoetfontein fault 

 

The “Zoetfontein fault” is a high angled east northeast – west southwest 

striking major fault.  Significant post-Karoo displacement is evident and is 

known to be still seismically active; this resulted in the extensive downthrow 

to the north and sinistral horizontal movement.  The basement complex 

consists of Archaean granite and gneiss, outcropping to the north of fault zone 

(GCS, 2005). 

 
Daarby fault 

The” Daarby fault” is a major north-west striking fault turning to the north-

east.  It is assumed to be part of one set of events as both legs exhibit the same 

throw and throw direction thus both faults have been combined into one 

name.  The Daarby fault has a down throw of 360 m to the north and the fault 

dips at an angle of between 500 and 600 to the north.  The Beaufort and Ecca 

Groups in the south have been juxtaposed opposite to the downthrown 

Letaba, Clarens, Elliott and Molteno formations in the north. 

 

 
Source: Roux, 2004 
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Eenzaamheid fault 

The Eenzaamheid fault is located to the south of the Daarby fault and has a 

throw of 250 m to the north.  This resulted in the up thrown Waterberg group 

on the southern side of the fault being juxtaposed next to the downthrown 

Beaufort and Ecca groups on the northern side of the fault.  The Eenzaamheid 

fault has a near vertical dip.  Evidence of a possible link between the 

Eenzaamheid and Daarby faults exists from exploration boreholes on the farm 

Turfvlakte. 

 

Minor faulting 

Various step faults, classed as minor faulting, are associated with the Daarby 

and Eenzaamheid faults.  From the interpretation of exploration and water 

boreholes drilled on Grootegeluk Mine, these have varying strikes, dips, 

throws and throw directions.  Detail with regard to minor faulting is confined 

to the Grootegeluk mining area and has been derived and interpreted from 

exploration drilling results, cross correlations across the mining lease area and 

mapping within the open pit excavation.  Figure 2.6 portrays an example of 

one of the numerous minor faults in the opencast pit. 

 

Figure 2.6 Fault in the Grootegeluk opencast pit 

 

 
Source: ERM, 2009 
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3 METHODOLOGY 

This chapter details the methodology followed to refine the conceptual 

hydrogeological model and develop a numerical model.  In accordance to the 

database format of Grootegeluk Mine, all coordinates in this report are 

expressed in Transverse Mercator Lo27 projection and WGS84 datum.   

 

 

3.1 DATA REVIEW AND COLLATION 

The following reports and data were reviewed by ERM:  

 

• Hydrogeological information of over 2,500 boreholes were reviewed and 

collated in a WISH-based Excel worksheet.  This information was obtained 

from the monitoring database of Grootegeluk Mine as well as pre-mining 

National Groundwater Database (NGDB) data from the Department: 

Water Affairs and Forestry (DWAF).   

 

• A local-scale numerical model of Grootegeluk Mine (Steenekamp (2001), 

Roux (2003)) were used to obtain the operational history at the mine, i.e.  

the rate of the dewatering boreholes and sources of artificial recharges.  

Other than the existing numerical model, no information on the pit design 

prior to 1998 could be obtained.   

 

In addition to the above, ERM reviewed the data and reports presented in 

Annexure A. 

 

 

3.2 HYDROCENSUS 

Although the original scope of works predicted a hydrocensus investigation 

this was not conducted due to the availability of existing information sourced 

from Golder Associates, which provided sufficient background information 

(Annexure A). 

 

Assumptions and Limitations: 

 

Exxaro (Mr. Ian Hunt) requested that ERM should utilize the existing 

monitoring data with regards to the following: 

 

• Spatial distribution of monitoring boreholes; 

• Static groundwater level measurements; and 

• Identifying possible receptors. 
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3.3 LIMITED NON-INTRUSIVE AND INTRUSIVE INVESTIGATIONS 

3.3.1 Surface Geophysics 

A surface geophysical survey was conducted to verify and validate the 

position of the regional structures in the vicinity of the mine.   

 

ERM subcontracted GeoElectrical Consulting cc (GEC) in April 2010 to 

conduct a resistivity survey, using the two-dimensional (2-D) ABEM LUND 

Resistivity Imaging System Method.   

 

The survey was planned to investigate the major faults across the mining area.  

Four traverses were conducted; two across the Daarby Fault (Traverse 1 and 

Traverse 2) and two across the Eenzaamheid Fault (Traverse 3 and 

Traverse 4); with a total traverse length of approximately 2,600 m.  Resistivity 

data was collected using the Schlumberger array at 10 m electrode spacing 

resulting in a investigation depth of approximately 80 m. 

 

The locations, traverse lengths and decision record of the 2-D resistivity 

traverses are detailed in Table 3.1.  The geophysical survey report compiled by 

GEC is included in Annexure B. 

 

Table 3.1 2-D Geophysical Resistivity Traverse Decision Record 

Coordinates Traverse 

ID 

Traverse 

Length  

[m] 

Start  

Lat 

Start 

Long 

End 

Lat 

End 

Long 

Traverse 

Direction 

No of 

Targets 

Decision 

Record 

Traverse 1   600 -50939 614363 -50883 613791 S to N 2 Daarby  Fault 

Traverse 2 1,000  -48935 613889 -49951 613815 W to E 1 Daarby  Fault 

Traverse 3   500  -50785 623048 -50557 622602 S to N 2 Eenzaamheid 

Fault 

Traverse 4   600 -49847 623587 -49844 622985 S to N 1 Eenzaamheid 

Fault 

 

 

The hydrogeological properties of these structural features were further 

investigated by the siting of boreholes on these structures.   

 

 

3.3.2 Drilling of Monitoring Boreholes 

To provide an indication of the groundwater storage and flow characteristics 

of the structural zones 5 percussion boreholes were drilled.  The borehole 

localities were sited based on the interpretation of geophysical survey data, as 

well as a review of geological and structural data to a maximum depth of 

80 mbgl. 

 

The drilling programme was conducted by Ellisras Drilling cc in May 2010 

during which a total of 400 m was drilled.  The rotary air-percussion drilling 
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method was used.  Boreholes were equipped with steel casing, developed and 

headwork were installed. 

 

A total of 5 large diameter (165 mm) boreholes were completed under the 

supervision of qualified hydrogeologist of ERM and geologist of Exxaro.  The 

following information was obtained during drilling: 

 

• Site coordinates,  

• Colour, drilling chip size at 1 m intervals,  

• Vertical geology succession and degree of weathering; 

• Depth of drilling and borehole construction; and  

• Depth of water strikes, individual water strike yield, final / accumulative 

blow yield and static water level after completion of each borehole.   

 

A summary of the borehole localities and decision record details are 

summarized in Table 3.2.  The borehole logs are portrayed in Annexure C.   

 

Table 3.2 Borehole Locality Details 

Coordinates Borehole ID 

Lat  Long 

Decision Record 

WBR 44 -49186.003 613872.453 Daarby Fault 

WBR 45 -50944.132 614159.811 Daarby Fault 

WBR 46 -50706.753 622890.390 Eenzaamheid Fault 

WBR 47 -49853.692 623230.900 Eenzaamheid Fault 

WBR 48 -49145.481 613879.050 Daarby Fault 

 

Assumptions and Limitations 

 

The intrusive program was limited to the installation of only five percussion 

boreholes.  These boreholes were advanced at selected potions verified during 

the geophysical survey to investigate selected structural features. 
 

Of the five drilling locations two (2) locations were selected - based on the 

geophysical interpretation - to investigate the properties of the Eenzaamheid 

Fault.  However, both of the two (2) boreholes advanced to a depth of 

approximately 80 m failed to fully intersect the fault zone.  Although the data 

collation was deemed sufficient and adequate for this investigation, published 

hydrogeological information was additionally reviewed and utilized to 

allocate selected parameters to the fault zone, which stretches in access of 
20 km. 

 

3.3.3 Aquifer Testing 

Aquifer testing was conducted on selected newly-drilled and existing 

monitoring and exploration boreholes.   

 

ERM subcontracted AB Pumps cc to conduct the aquifer tests in June 2010.  A 

total of 10 boreholes were tested according the following specifications:  
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• Prior to all aquifer tests, static groundwater levels were measured in the 

pumping and observation boreholes to enable drawdown calculations; 

 

• Initially, stepped drawdown tests (SDT) were conducted, consisting of 

three to four consecutive steps (depending on the borehole yield) of 

60 minutes each, at progressively higher discharge rates for each step; 

 

• Constant discharge tests (CDT) were conducted for 12 hours duration, 

except for the 24 hour test conducted at borehole WBR 45 being a high 

yielding borehole; 

 

• During the constant discharge test discharged water was released, via a 

pipe, at least 250 m from the tested borehole in order to avoid artificial 

recharge; 

 

• Recovery Test (RT) followed directly after pump shut down at the end of 

the SDT and CDT.  The water level recovery over time was measured in 

the pumping and observation boreholes until at least 90 % recovery was 

reached in the pumping boreholes; and   

 

• During the CDT pumping rate, electrical conductivity, temperature and 

pH were continuously monitored. 

 

 

In addition to the SDT, CDR and RT tests, ERM conducted slug tests on three 

boreholes (WBR 46, WBR 47 and WBR 48).  These were performed to 

determine the aquifer parameters of the newly drilled boreholes with blow 

yields < 0.1 L/s.   

 

The aquifer test data (pumping and slug tests) was interpreted using a 

number of analytical methods, i.e.  Flow Characteristic; Cooper Jacob and 

Theis.  The aquifer tests performed are summarised in Table 3.3. 

 

Table 3.3 Aquifer Test Programme 

Borehole ID Aquifer Test Slug Test Sample Observation Boreholes 

JY 2 X (SDT, CDT, RT) na X LT39, LT29, MY6, NT4. 

VP 7 X (SDT, CDT, RT) na X  

VP 5 X (SDT, CDT, RT) na X VP Dreyer, VP4  

WBR 25 X (SDT, CDT, RT) na X DY42, OBS 10, WBR 45 

WBR 44 X (SDT, CDT, RT) na X  

WBR 45 X (SDT, CDT, RT) na X WBR48, WBR 44, MY12, 

MY315.   

ZT5A X (SDT, CDT, & RT) na X ZT4, ZT3, VN3  

WBR 46 na X  na na 

WBR 47 na X  na na 

WBR 48 na X na na 

na: not available, 

 

Assumptions and Limitations 
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The aquifer testing program followed the completion of the boreholes advance 

and was only conducted on boreholes (newly installed and/or existing) with 

sufficient yields. 

 

3.3.4 Groundwater Sampling 

A total of seven groundwater samples were collected during the aquifer 

testing in the vicinity of the proposed Thaba Metsi Pit (Table 3.4) to assess the 

baseline water quality.  The chemical constituents analysed for are listed in 

Table 3.5.   

 

Quality Assurance / Quality Control (QA/QC) 

General ERM sampling and decontamination procedures were followed 

during the hydrocensus to allow for the collection of representative samples 

and to minimise the potential for cross-contamination between samples.  

During sampling and decontamination activities, disposable nitrile gloves 

were worn to prevent transfer of contaminants from other sources.  Samples 

were placed in laboratory-prepared bottles and stored in cooler boxes packed 

with ice-packs prior to transport to the contract laboratory. 

 

Samples were collected in 1 litre plastic bottles, without preservation.   

  

Relevant information such as field observations was logged in the field.  A 

rigorous programme of field QA/QC was implemented including sample 

labelling and chain-of-custody documentation.   

 

Groundwater samples were submitted to Clean Stream Laboratory for analysis.  

Clean Stream holds ISO 17025 accreditation, granted by the South Africa 

National Accreditation System (SANAS).  The water quality analyses were 

compared to the SANS 241:2005 drinking water quality standards.   

 

Table 3.4 Borehole sampling localities (Datum: WGS84, Projection: TM Lo27) 

Coordinates Borehole ID 

Lat Long 

JY 2 6216842.76 -47113.10 

VP 7 623376.65 -49115.83 

VP 5 621374.21 -48117.96 

WBR 25 616562.32 -53312.78 

WBR 44 614408.07 -49189.96 

WBR 45 614693.20 -50947.16 

ZT5A 614376.04 -45102.26 

 

Table 3.5 Constituencies analysed for 

Analysis Units Analysis  Units 

pH  Aluminium (Al) mg/l 

Electrical conductivity (EC)  mS/m Iron (Fe) mg/l 
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Analysis Units Analysis  Units 

Total dissolved solids 

(TDS) 

mg/l Manganese (Mn) mg/l 

Total alkalinity mg/l Total chromium (Cr) mg/l 

Chloride (Cl) mg/l Copper (Cu) mg/l 

Sulphate (SO4) mg/l Nickel (Ni) mg/l 

Nitrate (NO3) as N mg/l Zinc (Zn) mg/l 

Ammonium (NH4) as N mg/l Cobalt (Co) mg/l 

Orthophosphate (PO4) as P mg/l Cadmium (Cd) mg/l 

Chemical oxygen demand 

(COD) 

mg/l Lead (Pb) mg/l 

Fluoride (F) mg/l Suspended solids (SS) mg/l 

Calcium (Ca) mg/l Calcium hardness mg/l 

Magnesium (mg) mg/l Magnesium hardness mg/l 

Sodium (Na) mg/l Total hardness mg/l 

Potassium (K) mg/l - - 

 

 

Assumptions and Limitations 

 

A total of approximately 20 samples consisting out of a selection of 

representative samples from the overburden, coal and / or interburden within 

the proposed Thaba Metsi site were proposed to be sourced by ERM for acid 

base accounting (ABA) analysis. 

 

At the time of this investigation, Exxaro (personal conversation with Ian Hunt) 

informed ERM that no samples for ABA analysis were available to ERM and 

that ERM should precede the current investigation using existing data as 

depicted in the Golder Associates, 2007 report. 

 

Considering the quality and quantity of data available on ABA for this mine 

ERM’s was able to utilize the available data into the numerical modeling and 

therefore not affecting the outcome of the model. 

 

3.4 FORMULATION OF CONCEPTUAL MODEL 

Following the site investigation and data interpretation, a conceptual site 

model (CSM) was developed.  The CSM describes the dynamics of 

groundwater flow and contaminant transport in the groundwater pathway.  

In particular it describes the relationships between the contaminant sources 

(seepage from TSFs, return water dams, waste rock dumps and sewage), 

pathways (aquifers) and receptors (environment and humans), as well as 

induced activities such as mine dewatering.   

 

 

3.5 NUMERICAL MODELLING 

The conceptual model was formulated and agreed with Exxaro thereafter it 

was translated into a numerical model.  The MODFLOW and MT3DMS 

numerical modelling codes were used for this task.  The numerical model was 

calibrated with the available groundwater monitoring data.   
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Following model calibration several scenarios were simulated to assess the 

impacts on groundwater flow and mass transport.  These include: 

 

• The on-going activities at the Grootegeluk Mine; 

• Proposed expansion of the Grootegeluk Pit and proposed Thaba Metsi Pit;  

• Backfill at the Grootegeluk and Thaba Metsi Pits;  

• Sintel Char plant; and  

• The proposed evaporation pond. 

 

 

3.5.1 Model Objectives 

The objectives of the numerical groundwater model were to: 

 

• Develop a regional scale conceptual and numerical model.  This model 

formed the basis for the groundwater impact assessment, feeding into the 

overall EIA/EMPR; 

 

• Simulate the current Grootegeluk Mine groundwater conditions (baseline 

scenario) to estimate the existing impacts of mine dewatering on water 

level and quality over the 30 years operational period; 

 

• Predict groundwater ingress/inflow rates for the proposed Grootegeluk 

Pit expansion and proposed Thaba Metsi Pit; 

 

• Simulate the expected groundwater conditions (water level and quality) 

due to backfilling of the Grootegeluk Pit and Proposed Thaba Metsi Pit; 

 

• Simulate the impacts on the Mokolo River as a receptor; 

 

• Simulate the efficiency of post-closure evaporation from the final pit void 

as a potential contaminant management plan; 

 

• Simulate the post-closure groundwater recovery rate, potential surface 

decanting and contaminant fate/migration;  

 

• Simulate the potential impact of the Sintel Char (4 retort) to the 

groundwater environment; and 

 

• Based on the modelling results recommend groundwater monitoring 

plans. 

 

3.5.2 Software Selection 

MODFLOW (PMWIN Pro), Version 7.1 (Chiang, 2005) was used to simulate 

groundwater flow.  MODFLOW is a modular three-dimensional finite-

difference groundwater model published by the U.S. Geological Survey.  

Besides the flow module MODFLOW, PMWINs field interpolator package 
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PMDIS and the parameter estimation program PEST were used during the 

modelling exercise.   

 

PMPATH is an advective transport model that runs independently from 

PMWIN Pro.  Using a flow field computed by MODFLOW, PMPATH can be 

used to track a set of fictitious particles to simulate the advective movement of 

particles through the aquifer.   

 

MT3DMS is a modular three-dimensional transport model for the simulation 

of advection, dispersion, and chemical reactions of dissolved constituents in 

groundwater systems.  MT3DMS was used in conjunction with MODFLOW in 

a transport simulation. 

 

3.5.3 Model Limitations 

Numerical models are commonly used to develop hydrogeological 

management solutions that include the prediction of contaminant plume 

migration and groundwater level changes over time.  However, groundwater 

systems are often complex and the data input requirement is beyond our 

capability to evaluate in detail.  A model, no matter how sophisticated, will 

never describe the investigated groundwater system without deviation of 

model simulations from the actual physical process (Spitz, 1996).  Therefore, it 

is necessary to make several simplifying assumptions to simplify the complex, 

real world hydrogeological conditions into a simplified, manageable model. 

 

All numerical modelling simulations require assumptions to be made during 

the translation of the numerical code into a site-specific model.  These 

assumptions, which reflect data gaps in the conceptual model regarding the 

aquifer distribution and the aquifer parameters, can result in areas of 

uncertainty in the model output and predictions.   

 

During the development of the site specific hydrogeological conceptual model 

for Grootegeluk Mine, the following data gaps and/or uncertainties were 

identified: 

 

• Aquifer parameters such as transmissivity and storage coefficients of the 

aquifer systems.  Pump test data is only available for less than 10% of the 

model domain, covering a small fraction of the modelled area.  No field 

data is available to estimate the aquifer parameters of the rock matrix and 

fractures on a regional scale; 

 

• Minor fractures are interpreted from regional scale 1:50 000 geological map 

and their hydraulic properties is not available; 

 

• The spatial distribution and amount of natural and artificial recharge is 

uncertain; 

 

• Acid-base accounting of the contaminant sources, particularly the TSF and 

waste rock dumps, is not available; 
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• Historical and on-going seepage rates from the pollution and storm water 

dams is not available; 

 

• The groundwater base flow to Mokolo River over the north-eastern model 

boundary is not available;  

 

• The model is developed to simulate the potential mine impacts on a large-

scale with a modelled area of approximately 35 x 52 km.  Using the model 

to simulate impacts from a relatively smaller scale Sintel Char Plant area of 

400 x 200 m could only be considered as a initial screening tool;  

 

• Grootegeluk Pit design and rate of excavation prior to 1998 is not available 

and is difficult to simulate the historical dewatering rates; and 

 

• Time-series record of the groundwater inflow rates into the pit is not 

obtained.  In order to accurately calculate the aquifer storage, daily to 

monthly groundwater inflow rates are required.   

 

A model sensitivity analysis was carried out to give an indication of which 

assumptions in model input parameters are most likely to affect the model 

output.  Scenario modelling will address the possible impacts that changes in 

input parameters will have on the model output (groundwater quality and 

levels over time and spatially). 
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4 CONCEPTUAL MODEL 

The conceptual site model of Grootegeluk Mine was formulated by assessing 

potential contamination sources in the context of the geographic distribution 

of surface and groundwater monitoring locations, coupled with a review of 

the regional and local surface drainage network and groundwater flow 

boundaries, geology and hydrogeology, aquifer definition, groundwater flow 

directions, and taking the source-pathway-receptor linkage into account.   

 

The site conceptual model is detailed below and is later translated into the 

numerical model. 

 

 

4.1 AQUIFERS 

The aquifer systems at the Grootegeluk area are simplified and conceptualised 

to be composed of three units: the top weathered aquifer, the primary aquifer 

and the fractured secondary aquifer. 

 

4.1.1 Top Weathered Aquifer  

Borehole logs indicate that the top part of the rock formation is composed of 

weathered aquifer of variable thickness.  North of the Daarby Fault (northern 

compartment) the weathered zone is mainly derived from the weathering of 

the Clarens sandstone formation.  These deposits consist of fine to medium 

grained, well-rounded, well sorted sand.  Where soils have developed, they 

consist of medium to fine grained sand with variable compaction and density.   

 

The region south of the Daarby Fault (southern compartment) and east of the 

Grootegeluk Pit, however has little sand cover (Roux, 2009), resulting in clayey 

weathering products from various outcropping shale units in the upper Ecca 

and Beaufort Groups.  This area is often covered by angular, poorly sorted 

sands derived from the weathering of the Waterberg Group. 

 

Grootegeluk Mine conducted an in-situ hydraulic conductivity experiment on 

the portion of the weathered aquifer which is composed of mainly soil 

particles and was found to be 8.3x10-5 m/d.  The hydraulic conductivity of the 

well-rounded and well sorted sand is however expected to be orders of 

magnitude higher than this.   

 

The existing numerical model of Grootegeluk Mine assumes the thickness of 

the weathered layer to be 1.5 m.  This however appears to be conservative as 

the weathered thickness can be higher locally (Dryer 2010).  For the numerical 

model the weathered zone was estimated to be approximated to be 7 m thick.   

 

The pre-mining steady state water level in the vicinity of the Grootegeluk 

open pit is about 28 mbgl which means that the weathered zone is unsaturated 
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and not classified as an aquifer as it is not water-bearing.  However, due to 

artificial recharge from the various mining operations, such as the seepage 

from TSF and return water dams, the water level has risen (in some localities 

to as much as 3 mbgl) and the weathered zone is expected to be saturated 

locally.   

 

4.1.2 Primary Aquifer 

The primary (porous) aquifers are comprised of the unfractured and 

unweathered Karoo and Waterberg Formations in which the groundwater 

flow and storage is in the primary porosities of the rock matrices.  As is 

common for the larger portion of South Africa, the primary aquifers are 

generally characterised by lower hydraulic conductivities but higher storage 

coefficients .   

 

The Clarens Formation, a fine to medium grained sandstone has relatively low 

transmissivity (0.01 - 10 m2/d) and blow yields with the majority of boreholes 

yielding less than 1 L/s, except for borehole WB27 with a blow yield of 

12.4 L/s, which is located on a lineament between the Daarby Fault and the 

Letaba basalt contact zone. 

 

Historically, 16 boreholes (listed in Figure 4.1) were aquifer tested in the 

primary aquifer of the northern and southern compartment.  A transmissivity 

value ranging between 0.4 to 13.8 m2/d, with an average of 3.5 m2/d was 

estimated (Table 4.1). 

 

Table 4.1 Historical aquifer test data of the boreholes located in the primary aquifer  

Borehole 

Name 

X coordinate Y coordinate Early T (m2/d) Late T (m2/d) Harmonic 

Mean (m2/d) 

WBR15 56772.24 -615746.39 7.81 12.22 9.53 

WBR16 56073.77 -615239.04 10.29 20.94 13.8 

WBR24 59100.09 -615129.47 0.52 0.42 0.46 

WBR3 57558 -614853.44 3.31 2.7 2.97 

WBR4 58534.88 -615515.17 2.63 5.17 3.49 

WBR5 58524.16 -614850.72 3.26 13.78 5.27 

WBR6 58002.21 -615450.5 1.44 27.89 2.74 

WBR7 60549.95 -615488.72 1.15 1.29 1.22 

WBR8 58809.02 -613699 0.95 0.35 0.51 

WBR9 55665.9 -614092.86 3.7 5.03 4.27 

JY2 47113.1 -616842.76 3 0.2 0.38 

SP14 55324.05 -618325.35 25 3.1 5.52 

WBR21 55018.97 -620766.95 0.41 0.41 0.41 

WBR22 57848.9 -619839.2 2.01 3.51 2.56 

WBR44 49186 -613872.45 3 2.2 2.54 

ZT5A 45102.26 -614376.04 1 1.8 1.29 

Average     4.34 6.31 3.56 
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4.1.3 Fractured Secondary Aquifer 

The major aquifer type in the large Grootegeluk Mine area are characteristic 

secondary fractures and weathering zones that essentially control 

groundwater flow and mass transport.   

 

The Daarby Fault represents one of the major structures controlling the 

regional hydrogeology as it has been identified to be a barrier to groundwater 

flow (Roux, 2003).  The model domain is subdivided into two separate aquifer 

compartments, i.e. the northern and southern compartments.  Groundwater 

levels on either side of the fault differ considerably (up to 100 m).  

Groundwater contamination is not expected to cross the fault line and is not 

expected to be intercepted into the open pit. 

 

However, contaminant transport is possible along the strike of the Daarby 

Fault.  At the intersection of the Daarby Fault by other faults, the 

transmissivity changed and it will no longer be interpreted as a flow-barrier.  

For example, borehole WBR45 is located on the Daarby Fault (Figure 4.1) and 

has a transmissivity value of 80 m2/d.  This increased transmissivity is a result 

of an intersection of the Daarby Fault by a SW-NE trending fault. 

 

Although the Daarby Fault is characterised as a no-flow boundary in a 

regional context, field investigations have indicated that small amounts of 

seepage could take place across the fault, from the northern to the southern 

compartment.  Steenekamp (2001) predicts the transmissivity of the fault to be 

approximately 0.01 m2/d. 

 

The regional Eenzaamheid Fault is located south of the mining activities along 

the southern boundary of the basin.  Historically, limited investigations were 

conducted with regards to the Eenzaamheids Fault.  Two (2) boreholes were 

drilled during ERM’s investigate; however, indecisive results were achieved 

as the fault was not intersected during drilling.  Based on the above, ERM 

characterized the Eenzaamheid Fault as highly conductive and is expected to 

contribute on the groundwater flow and mass transport process and coincides 

with that of Golder’s (Golder Associates, 2007) interpretation.  The 

transmissivity is predicted to be in the range of 50 - 400 m2/d according to 

Golder Associates, 2007.   
 

However, the characterization of the fault zone across a regional scale should 

be investigated further in the future as the extent of the fault is in access of 

30 km. 

 

Basalt is usually characterised by insignificant transmissivity and storativity 

values.  However, literatures (Roux, 2004) indicate that the Letaba Basalt 

(north of the Daarby Fault) is fractured and weathering occurred between 

successive lava flows.   

 

The lower contact between the Letaba Formation and the Clarens Formation is 

represented by an erosion surface with yield between 2 L/s and 12.7 L/s.  
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ERM postulates that the highest mobility of contaminants will be associated 

with this layer.   

 

Aquifer tests conducted on a number of boreholes located in the basalt (Figure 

4.1) indicated that the T-values range between 0.7 to 380 m2/d, with an 

average of 62 m2/d (Table 4.2). 

 

Table 4.2 Aquifer test data of the boreholes located in the basalt aquifer 

Borehole 

Name 

X coordinate Y coordinate Early T (m2/d) Late T (m2/d) Harmonic 

Mean (m2/d) 

WB19B 55871.48 -616972.15 7.10 1.40 2.34 

WB34 55907.35 -616855.59 20.00 1.90 3.47 

WB33 56006.61 -617117.91 26.00 3.70 6.48 

WB35 55604.03 -616921.91 10.57 9.94 10.24 

WB36 55178.98 -617227.43 38.17 3.30 6.08 

WB47 57255.4 -617223.06 2569.32 205.55 380.64 

WB48 57563.23 -616866.88 5.39 3.59 4.31 

WB49 57120.45 -617217.69 14008.72 145.92 288.84 

WB51 57854.86 -617515.01 129.71 114.83 121.81 

WB53 56655.52 -617954.11 28.41 25.40 26.82 

WB55 57714.73 -617598.66 150.11 48.64 73.47 

WB56 56156.64 -617441.95 6.69 1.34 2.23 

WB57 56127.35 -616607.63 14.51 6.53 9.01 

WB59 56669.33 -617293.64 119.20 79.56 95.43 

WB61 58521.35 -617488.23 15.45 8.91 11.30 

WBR1 60138.23 -617499.71 94.44 87.11 90.63 

WBR10 53186.75 -614639.05 25.98 0.36 0.72 

WBR14 55329.06 -615800.10 4.24 3.09 3.57 

WBR25 53318.66 -616022.08 28.00   28.00 

WBR45 50944.13 -614159.81 221.00 49.00 80.21 

      

 

 

Several fractures and lineaments have been identified from the regional scale 

1:50 000 geological map across the model domain (Figure 4.1).  These include 

the Zoetfontein and Eenzaamheid Faults.  These faults are expected to 

contribute on the groundwater flow and mass transport process but currently 

most of them are not studied in detail and their hydrogeological properties are 

assumed. 
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4.2 BOUNDARY CONDITIONS 

Based on initial project scope (personal communication with Mr Ian Hunt, 

Principal Geohydrologist at Exxaro in 2009), a regional model was developed 

to an area of 1,290 km2.  The Grootegeluk open pit is located approximately in 

the centre of the model domain (Figure 2.1).  This was done to simulate and 

predict groundwater inflows into the Grootegeluk Pit and the proposed Thaba 

Metsi Pit.   

 

Based on the above the following geological and / or geographical features 

within this model domain are summarized below: 

 

• Quaternary Catchment Divides 

 

Both the A42J - A42H and A42J - A42G Quaternary Catchment water 

divides define the eastern and south-eastern model boundaries, 

respectively. 

 

The A42J - A41E Quaternary Catchment boundary runs from southwest to 

northeast and divides the model domain in two parts, with the 

Grootegeluk pit to the east and the proposed Thaba Metsi pit to the west 

of the water divide (Figure 2.1). 
 

Pre-mining steady state water levels indicate that the boundary between 

the A41E and A42J Quaternary Catchments is a water divide.  Since the 

groundwater elevation follows the topography, it was previously 

considered (Golder Associates, 2007) to be a no-flow boundary.  However, 

with the excavation of the open pit and mine dewatering, a cone of 

depression was created with a hydraulic gradient towards the pit centre.  

As a result, water flowed from all directions (even from the A41E 

catchment to the A42J catchment) towards the pit centre in response to the 

hydraulic gradient.  Therefore the boundary condition between the two 

catchments (water divide during the pre-mining) is no longer a no-flow 

boundary. 
 

• Fault Zones 

 

The Zoetfontein Fault is a regional fault; depicting the northern boundary 

of this study area; extending into Botswana.  Although the 

hydrogeological characterization of this fault weren’t included in the 

current ERM investigation; limited published information is available.  

The mining area and the Zoetfontein Fault are divided by the non-

permeable Daarby Fault. 

 

Eenzaamheid Fault is considered as a regional fault zone, located south of 

the mining activities. Based on data sets gathered during ERM’s 

investigation, that also coincides with selected previous investigations 

(Golder Associates, 2007), the fault has been interpreted as a high conductive 

zone. 
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• Rivers/Flow Systems 
 

The Mokolo River forms the eastern boundary to the model domain.  

Simulation of the regional model, the potential regional impacts on the 

groundwater quantity and quality extends as far as the Mokolo River..   

 

 

4.3  GROUNDWATER - SURFACE WATER INTERACTION 

The project area drains to the Limpopo and Mokolo Rivers (Figure 4.3).  No 

information is available detailing which sections of the rivers are losing and 

which are gaining but overall the groundwater elevation within the model 

domain is higher than the stages of the Limpopo and Mokolo Rivers, 

indicating that they are mainly gaining rivers.   

 

The Mokolo and Limpopo Rivers are approximately 810 and 805 mamsl 

(metres above mean sea level) while the pre-mining groundwater elevation in 

the open pit area was approximately 880 m (Figure 4.3).  The groundwater 

gradient towards the Mokolo and Limpopo Rivers were approximately 0.0032 

and 0.0025.   

 

Assuming an average hydraulic conductivity of the aquifer matrix of 

0.02 m/d, the groundwater baseflow from the model domain is estimated to 

be 6.5x10-5 m/d to the Mokolo River and 5x10-5 m/d to the Limpopo River.  

However, baseflow along fractures are significantly higher.  Therefore 

assuming an average hydraulic conductivity of 15m/d for the fractures, the 

baseflow from the project area is estimated to be 4.8x10-2 m/d to the Mokolo 

River and 3.8x10-2 m/d to the Limpopo River. 

 

There are few surface drainage features within the model domain.  The 

ephemeral Sandloopspruit and another ephemeral stream 1000 m north of the 

TSF on the boundary of the farms Appelvlakte 448 LQ and Vooruit 449 LQ 

(Johnstone, 1989) represent some of the few identified features.  However, data 

on the interaction of these streams with the groundwater is not obtained.   

 

 

4.4 WATER LEVELS, GROUNDWATER FLOW AND GRADIENT 

From the NGDB water level data a correlation of 92.6% exists between the 

topography and water level elevation (Figure 4.2).  The initial hydraulic head 

distribution within the model domain was obtained by interpolating the 

measured water levels, using the Kriging Interpolation method (Figure 4.3) 

and was later imported as the upper boundary of the saturated zone.  The 

Bayesian Interpolation method was also tried and yielded similar results to 

that of the Kriging.   
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Figure 4.2 Correlation between topography and groundwater head 
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The pre-mining groundwater flow directions were towards the Mokolo and 

Limpopo Rivers as they are the primary receptors in the project area.  Due to 

mine dewatering, groundwater flow is currently mainly towards the 

Grootegeluk open pit.   Historical inflow rates are not available but Dryer 

(2008), Bester and Vermeulen (2009) estimated that the present groundwater 

inflow rate is in the order of 30,000 m3/month (1,000 m3/d).   

 

The radius of influence of the mine dewatering is reportedly 3.5 km (Roux, 

2009).  However groundwater monitoring data indicated that the radius of 

influence appears to be significantly wider.  To obtain a preliminary estimate 

of the radius of influence of the mine dewatering, an analytical equation was 

applied by making a simplifying assumptions for site specific properties and 

boundary conditions.  The equation (derived from Darcy Equation) assumes 

that the Daarby Fault (northern edge of the pit) is a no-flow boundary on the 

northern edge of the pit.  It should be noted that since the equation is derived 

form the Darcy Equation, all the assumptions that apply to the Darcy Equation 

also applies to this analytical model: 

 

 

 

 

 

where:  

 

Q = Current groundwater inflow rate (m3/d) 

T = Average aquifer transmissivity (m2/d) 

r1 = Distance of the monitoring borehole (m) 

h1 = Head at the distance of r1 (m) 

re = Radius of influence (m) 

he = Head at the radius of influence (m).  It is assumed that the aquifer 

is influenced if the drawdown is equal to or more than 10 m. 

 

To solve the analytical solution, the monitoring borehole HT41 which is 

4.5 km southwest of the pit has been considered (Figure 4.4).  The drawdown 

in this borehole was measured to be 40 m and the above analytical equation 

was applied to estimate the radius of influence of the pit dewatering. 

 

To accommodate the heterogeneity of the primary and secondary aquifers, 

variable input values for transmissivity was considered (2 to 15 m2/d).  A 

radius of influence ranging between 5 to 12 km (Table 4.3) was estimated.   
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Figure 4.4 A simplified schematic conceptual model 

 

 

Table 4.3 Estimated radius of influence for a range of T-values 

T (m2/d) re (km) 

2 5 

8 7 

15 12 

 

 

It can be expected that the seepage from the artificial sources (tailings storage 

facility (TSF), waste rock dumps, coal stockpile and dams) recharge the basalt 

aquifer and Clarens Sandstone aquifer to the north of the Daarby Fault. Water 

level increases of up to 3 mbgl have been recorded in some areas. Due to the 

impermeable to low permeable nature of the Daarby Fault, local mounding of 

the water table occurred to the north of the fault in the northern compartment. 

 

 

4.5 INFILTRATION AND RECHARGE  

The sources of recharge in the project area include natural rainfall recharge as 

well as artificial recharge from several sources (TSF, waste rock dumps, coal 

stockpile and dams), shown in Figure 4.5.   

 

Historically the artificial recharge was variable and depended on the volume 

of water stored in the return water dams and degree of tailings saturation.  

Many of the dams were lined over time and seepage rates decreased 

accordingly.   

 

Recharge was estimated from published information: 

 

• Vegter (1995) estimates the regional recharge in the range of 0.2 – 1.2% of 

MAP; 

 

• Steenekamp (2001) between 0.1 – 0.4% of MAP; 

 

• Golder Associates (2007)  approximately 1% of MAP;  

 

• WGC (2008) in the range of 2 – 6% of MAP; and 
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• Bester and Vermeulen (2009) (using the chloride method) estimated the 

recharge to be 1.5% of MAP but their final model was calibrated in the 

order of 0.005% (0.023 mm/a). 

 

 

4.6 CONTAMINANT SOURCE AREAS 

The mine infrastructures/facilities associated with waste water, coarse/fine 

residues, etc. are mostly located north of the interpreted impermeable to low 

permeable Daarby Fault on the basalt aquifer (Figure 4.5).  These 

infrastructures/facilities includes but is not limited to the pollution dams, 

process plant(s), water rock dumps and tailing storage facilities (TSF’s) which 

is all potential sources of Acid Mine Drainage (AMD) and trace metals. 
 

Organic and inorganic contaminants potentially to be generated by activities 

at the Sintel Char process plant(s) could also present a potential contaminant 

source.  An investigation with regards to the Sintel Char constituents of 

concern is reported in a separate investigation conducted by ERM.  Table 4.4 

summarize selected source areas and their most likely contaminants of 

concern.   

 

Table 4.4 Source Areas and Contaminant of Concern 

Source Areas Facilities Contaminants of Concern 

Hydrometallurgical plants Sintel Char Cooking Plant Volatiles and hydrocarbon 

contaminants 

Pollution control Dams Bosbok dam, Olifants dam Macro elements i.e. Ca, Mg, 

Na, SO4, NO3, Cl, Metals i.e. 

Sb, Cd, Fe, Pb, Mn, Se 

Contaminated water, 

hydrocarbons from Diesel, oil 

and lubricants used in 

machinery 

Mine workshop areas, plant 

areas 

Macro elements i.e. Ca, Mg, 

Na, SO4, NO3, Cl, Metals i.e. 

Sb, Cd, Fe, Pb, Mn, Se 

Hydrocarbons & Organic 

compounds 

Fine residue Slimes dam Macro elements i.e. Ca, Mg, 

Na, SO4, NO3, Cl,  

Metals i.e. Sb, Cd, Fe, Pb, Mn, 

Se 

Course residue Waste rock dumps 1 – 6, Coal 

stockpile area 

Macro elements i.e. Ca, Mg, 

Na, SO4, NO3, Cl, 

Metals i.e. Sb, Cd, Fe, Pb, Mn, 

Se 

 

 

No seepage volumes, contaminants of concern, acid-base accounting (ABA) 

analysis and geochemical modeling results were available for each of the 

source areas and as such the potential for acid mine drainage is unknown. 

However, since most of the source areas were lined over time the rate of 

contaminant mass release was reduced. 
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Although most of the source areas were lined over time and the contaminant 

mass release rate reduced significantly, the available monitoring data of 2009 

indicates an increase trend in sulphate concentration among others in the 

vicinity of these source areas (Figure 4.7) and this may have a negative impact 

on the basalt aquifer. 
 

From the sulphate concentration distribution, it is evident that the impact is 

not restricted to the source areas only but do migrate to the east and south.  

Insignificant contaminant mass is expected to have migrated across the 

Daarby Fault due to its impermeable nature.  The source areas and transport 

flow paths north of the fault are currently not known and should be 

investigated further (e.g. amend the current monitoring network to address 

the short coming in the network, etc). 

 

Figure 4.5 Potential contaminant and artificial recharge sources 

 

Source: Grootegeluk Mine 
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Figure 4.6 Sulphate Contaminant Plume - Monitoring Data 

 

 

4.6.1 Sintel Char Plant 

The location of the Sintel Char plant in the modelled domain is shown in 

Figure 2.1 and the site layout is presented in Figure 4.7.  At the plant, coal is 

processed to produce coke and char.  The identified potential sources of 

contaminants to the groundwater are: the pollution control dam, the char and 

coal stock yards, leakage from the process plant and the sewage tank.  

However, no seepage volumes, contaminants of concern, acid-base accounting 

(ABA) analysis and geochemical modelling results were provided for each of 

the infrastructures within the plant. 
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Figure 4.7 The Sintel Char plant  

 

 

4.7 GROUNDWATER QUALITY 

4.7.1 General Water Quality Classification 

Groundwater is used for domestic and live stock watering purposes.  Table 4.5 

lists the South African Water Quality Guidelines for Domestic Use (DWAF, 

1996) and the SANS 241 Drinking Water Standards (2005) target values for 

different chemical constituencies.  Chemical constituents exceeding the 

SAWQG for Domestic Use target values and the SANS drinking water 

standard, are discussed in the sections below.   

 

Table 4.5 Domestic use and drinking water standards 

SAWQG for 

Domestic USE 

(DWAF, 1996) 

Drinking water (SANS 241, 2005) Parameter 

Target values Class I  (acceptable/ 

recommended 

operational limit) 

Class II  (max 

allowable – limited 

period of use) 

Class III 

(Unacceptable) 

pH 6 - 9 5 - 9.5 5 - 10 < 5 - > 10 

Conductivity 

(mS/m) 

<70 70 - 150 150 - 370 > 370 

Total Dissolved 

Solids, TDS 

(mg/L) 

<450 450 - 1000 1000 - 2400 > 2400 
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SAWQG for 

Domestic USE 

(DWAF, 1996) 

Drinking water (SANS 241, 2005) Parameter 

Target values Class I  (acceptable/ 

recommended 

operational limit) 

Class II  (max 

allowable – limited 

period of use) 

Class III 

(Unacceptable) 

Sodium, Na 

(mg/L) 

<100 100 - 200 200 - 400 > 400 

Potassium, K 

(mg/L) 

<50 25 - 50 50 - 100 > 100 

Calcium, Ca 

(mg/L) 

<32 80 - 150 150 - 300 > 300 

Magnesium, Mg 

(mg/L) 

<30 30 - 70 70 - 100 > 100 

Bicarbonate, 

HCO3 (mg/L) 

NS NS NS > 

Chloride, Cl 

(mg/L) 

<100 100 - 200 200 - 600 > 60 0  

Sulphate, SO4 

(mg/L) 

<200 200 - 400 400 - 600 > 600 

Nitrate, NO3 as N 

(mg/L) 

<6 6 - 10 10 - 20 > 20 

Phosphorus, P 

(mg/L) 

NS NS NS > 

Fluoride, F 

(mg/L) 

<1 <1 1 - 1.5 > 1.5 

Silicon (mg/L) NS NS NS > 

Manganese, Mn 

(mg/L) 

<0.05 0.05 - 0.1 0.1 - 1 > 1 

Iron, Fe (mg/L) <0.1 0.01 - 0.2 0.2 - 2 > 2 

Aluminium, Al 

(mg/L) 

<0.15 0.15 - 0.3 0.3 - 0.5 > 0.5 

Zinc, Zn (mg/L) <3 3 - 5 5 - 10 > 5 

Cobalt, Co 

(mg/L) 

NS 0.25 - 0.5 0.5 - 1 > 0.5 

Total Chromium, 

Cr (mg/L) 

NS 0.05 - 0.1 0.1 - 0.5 > 0.5 

Copper, Cu 

(mg/L) 

<1 0.5 - 1 1 - 2 > 2 

Nickel, Ni (mg/L) NS 0.05 - 0.15 0.15 - 0.35 > 0.35 

Lead, Pb (mg/L) <0.01 <0.02 0.02 - 0.05 > 0.05 

Arsenic, As 

(mg/L) 

<0.01 <0.01 0.01 - 0.05 > 0.05 

Selenium, Se 

(mg/L) 

NS <0.02 0.02 - 0.05 > 0.05 

Strontium, Sr  

(mg/L) 

NS NS NS > 

Boron, B (mg/L) NS NS NS > 

Uranium, U 

(mg/L) 

NS NS NS > 

Barium, Ba 

(mg/L) 

NS NS NS > 

Cadmium, Cd  

(mg/L) 

<0.005 <0.005 0.005 - 0.01 >0.01 
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4.7.2 Baseline Data 

A large water quality database for Grootegeluk and surrounding areas exist.   

Due to the large database, ERM screened the data set to highlight water 

quality issues.  Concentrations exceeding the reference standards are given in 

Table 4.6 (pH values), Table 4.7 (major anions and cations) and Table 4.8 

(metals).    

 

 

pH & Alkalinity 

The pH in the majority of the borehole water samples is neutral with an 

average value of pH 7.24 for 204 samples.  Boreholes with low pH values are 

located directly next to waste sources as listed in Table 4.6.  Deteriorating 

conditions are also observed over the past ten years (Figure 4.8). 

 

Figure 4.8 pH Time series data 
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Table 4.6 Summary of pH values exceeding water quality standards 

Borehole ID Source SANS Class Trend 

P 1 Matimba Ash dump III Deteriorating 

TE 88 1 Km South of Waste Rock Dump 6 III Deteriorating 

WB 53 Directly East of Waste Rock Dumps 1, 2, and 3 III Deteriorating 

WBR 24 Directly East of the Tailings Dam III Deteriorating 

WBR40 West of the Olifantskopdam III Deteriorating 

WBR 9 Directly East of Waste Rock Dumps 4 and 5 III Deteriorating 

WBR 38 Daarby Fault close to Matimba Power Station II Deteriorating 

 

 

Cations & Anions 

The elevated concentrations occur mostly in the vicinity of the Waste dumps, 

TSF and the Matimba Ash dump.  The data also indicate deteriorating 

conditions in water quality at most of the sampling points over the past ten 

years. 

 

• The sulphate (SO4) concentrations is elevated (1) in the Letaba Basalt unit as 

a result of mining activities.  Elevated concentrations are furthermore 

observed in the immediate vicinity of the Matimba ash dump, the 

Grootegeluk pit sump and on the farm Turfvlakte approximately 800 m 

south of Dump 6.   

 

• The calcium (Ca), magnesium (Mg) and nitrate (NO3) concentrations are 

elevated in similar areas as described for sulphates. 

 

• Sodium (Na) concentrations are elevated in the immediate vicinity of the 

Matimba Ash dump, typical of water quality observed around coal power 

stations and ash dumps. 

 

The elevated cation and anion concentrations at Turfvlakte needs to be 

investigated, due to the fact that it is not located directly next to a waste 

source and it is located to the south of the impermeable Daarby fault.  The 

elevated concentrations could be a result of interconnected lineaments with 

the pit sump or seepage from Dump 6.   

 

 

 

 

 

 

 

 

 

 

                                                      
(1) Elevated - above surrounding natural data and the SANS drinking water standards 
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Table 4.7 Samples exceeding the SANS Drinking water standard (Anions & Cations) 

Constituent Class II Class III 

Total dissolve solids (TDS) KN 1, 2 

ZT 3 

MY 4, 6 

TE 95 

ET 163 

P 1, 2, 12, 13, 14, 17, 36 

WBR 3, 8, 14, 16, 17, 27, 30, 36 

WB 19B, 34, 37, 38, 46, 47, 57, 59, 62 

  

B 11 

P31,  

TE 88, 89, 91, 92, 93, 96 

WBR 4, 6, 38, 40 

WB 35, 36, 39, 42, 43, 48, 49, 50, 

53, 58, 60 

 

Calcium (Ca) ZT 3, 

MY 6 

B 11 

TE 88 

P1, 2, 23,  

WBR27, 38, 40,  

WB 19, 34, 35, 36, 37, 38, 46, 53, 57, 

59, 60, 62  

 

P 31 

TE 89, 91 

WBR 4, 6, 14 

WB 39, 42, 43, 49, 54, 58 

Magnesium (Mg) P2, 34 

TE 89 

ET 163 

WBR 16, 29 

WB 59 

 

P 23, 31, 32 

B11 

WBR 3, 4, 6, 30, 38, 40 

WB 35, 36, 37,  39, 42, 46, 49, 50, 

53, 54, 55, 58, 60, 62 

 

Sodium (Na) P 2, 12, 32 

WB 53 

 

P 23, 31 

WB 50 

 

Chloride (Cl) Vn 4 

MY 3, 5 

ZT 3 

ZP 15 

GW 15 

B 11 

VWP 1 

KN 1, 2 

WBR 9 

P 14, 16, 22, 23, 26, 28, 33 

 

TE 88, 89, 91, 92, 93, 95, 96 

WBR 6, 8, 38 

P 2, 32 

 

Nitrate (NO3) GN 1, 

VDWP1S, VDWP2S 

GW1S 

VN 3, 5 

ZT 4 

MY 6 

VP 5 

TE 89, 93 

P15, 33, 34 

WB 19, 33, 37, 38, 40, 43, 45, 60, 61 

WBR 8, 14, 15, 16, 27, 28, 34, 35, 41 

 

MY3, 5 

TE 92, 94, 95 

P 1, 2, 13, 14, 16, 26, 27, 32 

WB 25, 30, 34, 35, 36, 42, 46, 49, 

57, 58 

WBR 16, 17, 36, 38, 39, 40 
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Constituent Class II Class III 

Sulphate (SO4) WB 38, 45, 57 

WBR 17, 27, 29, 38 

ZT 5 

P 2, 21 

 

B 11 

TE 88, 91 

ET 163 

P 1, 12, 23, 31 

WBR 14, 30, 40 

WB 19, 34, 35, 36, 37, 39, 42, 43, 

46, 47, 48, 49, 50, 51, 53, 54, 58, 

59, 60, 62 

 

 

Metals 

The baseline constituents indicate the following: 

 

• Elevated Aluminium (Al), Iron (Fe) and Manganese (Mn) concentrations 

observed predominantly at the Matimba power station and ash dump; 

 

• Elevated Arsenic (As), Lead (Pb), and Cadmium (Cd) concentrations on 

the Basalt unit directly east of the waste rock dumps, associated with poor 

water quality in terms of sulphate; and 

 

• Elevated antimony (Sb) spread over the study area, possibly a result of 

natural occurrence of antimony with the coal seams. 

 

Table 4.8 Samples exceeding the SANS Drinking water standard (Metals) 

Constituent Class II Class III 

Aluminium (Al) MY 6 

P 13, 25 

WB 57, 61 

WBR 10, 16 

MY 5 

TE 91 

P 1, 2, 3, 10, 11, 12, 14, 15, 16, 17, 20, 21, 22, 23, 24, 28 

WBR 39 

 

Antimony (Sb) P 25 

TE 96 

VP 6 

ZT 6 

GW 15 

ZP1S, ZP2S 

VDWP1s, VDWP2s 

JV1S 

AV2S 

MY 4, 5, 6 

P 10 

TE 88, 92, 93, 94, 95 

VN 4,5 

VP 4,5  

WBR 25, 27 

WB 25, 40,  

ZT 5 
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Constituent Class II Class III 

Arsenic (As) P 13 

TE 95 

MY 5 

WB 25 

WBR 35 

WBR 7,  

WB 34, 40 

VP 4, 6 

VN 3, 4, 5, 6 

MY 3, 4, 6 

ZT 6 

TE 96 

P 17, 26, 28 

 

Cadmium (Cd) MY 3 

 

WBR 7 

WB 34, 40 

VP 4, 6 

VN 3, 5 

MY 3 

ZT 6 

 

Iron (Fe) B 11 

P 15, 16 

HHT 1 

WBR 28 

WB 38,43,49 

 

ET 124, 163 

HEN1 

HZN2 

P 3, 10, 11, 12, 13, 20, 21, 22, 23, 24, 25, 26, 28 

VP 6 

WB 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 

51, 52, 53 

WBR 9, 12, 21, 24, 40, 41 

 

Lead (Pb) WBR 39  ET 124, 

B 11 

VP 3, 5, 6 

GN 1 

KN1, 2 

VN 4, 6 

VWP 1 

P 1, 2, 3, 10, 11, 13, 15, 17, 22, 24 

WBR 14, 20, 27, 28, 39 

WB 38, 43, 49 

 

Manganese (Mn) TE 92 

P 2, 3, 10, 11, 13, 14, 15, 

16, 17, 20, 22, 23, 25, 26, 

27, 28, 32, 34 

WB 37, 53 

WBR 34, 35, 37A, 38, 41 

 

TE 88, 89 

P1, 12, 21, 26 

WBR 4, 9, 24 

WB 19B, 48, 54 

 

 

 

Volatile Organic Compounds 

PID readings in the vicinity of the Sintel Char Plant did not detect VOCs 

(volatile organic compounds).  This was supported by the laboratory results of 

the VOCs where limited VOC compounds were detected (Table 4.9) in samples 

3, 4 and 5.  These concentrations are suspected to be residuals of historical 

dumps that existed at the current Sintel Char plant and are not expected to be 

released by the plant.   
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Table 4.9 Organic concentration in soils 

Parameter�
Sample 1 

(mg/Kg) 

Sample 2 

(mg/Kg) 

Sample 3 

(mg/Kg) 

Sample 3 

(mg/Kg) 

Sample 4 

(mg/Kg) 

Sample 5 

(mg/Kg) 

Naphtalene - - - - - 0.13 

Acenaphtene - - - - - 0.02 

Fluorene - - - - - 0.03 

Phenanthrene - - 0.04 0.04 0.01 0.54 

Anthracene - - - - - 0.05 

Fluoranthene - - 0.01 0.01 - 0.22 

Pyrene - - 0.01 0.01 - 0.25 

Benzo(a)anthracene - - 0.01 0.01 - 0.15 

Chrysene - - 0.01 0.01 - 0.13 

Benzo(b)fluoranthene - - 0.01 0.01 - 0.12 

Benzo(k)fluoranthene - - - - - 0.03 

Benzo(a)pyrene - - - - - 0.04 

Benzo(ghi)perylene - - - - - 0.02 

Indeno(123cd)pyrene - - - - - 0.02 

PAH 10 VROM (sum) - - 0.07 0.07 0.01 1.3 

PAH 16 EPA (sum) - - 0.1 0.1 0.01 1.8 

 

 

4.7.3 Groundwater Characterisation 

Groundwater samples in most of the geological units present in the study area 

shows a mixed signature.  A description of the groundwater characterisation 

according to the Piper Diagram (Figure 4.9) is as follows: 

 

• The Letaba basalt plot mostly in the Ca-Mg-SO4 zone of the piper diagram 

(Figure 4.9), indicative of impact of coal mining activities dominated by 

high sulphate concentrations; 

 

• The samples taken in the Waterberg group plots to the right hand side of 

the piper diagram (Figure 4.9), indicative of slow moving groundwater and 

dominated by higher Sodium (Na) and Chloride (Cl) concentrations.  

Some of the samples next to the ash dump (P 1, 2, 3, 21) also indicate 

impacts from coal power station activities with higher sulphate (SO4) 

concentrations; 

 

• Samples in the Karoo and Clarens sandstone units indicate a mixed 

signature; 

 

• Complex structural geology; and 

 

• Representative of water in fractures/lineaments and the matrix and water 

influenced by mining. 
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Figure 4.9 Piper Diagram 

 

 

4.8 RECEPTORS 

The Mokolo River was the major receptor identified within the model domain.  

No information was obtained on the number and distribution of private 

groundwater users.  Information in this section is adapted mainly from WGC 

(2009) and Vegter (1995).   

 

4.8.1 Private Boreholes 

Groundwater in the Lower Mokolo catchment area (DWAF quaternary 

catchments A, G &H) is mainly used for domestic supply, limited watering of 

gardens and for livestock watering.   

 

The aquifers in these catchments are classified as minor aquifers1 with low to 

moderate vulnerability and susceptibility to contamination and human 

impacts. 

 

                                                      
 (1) 1 Minor aquifers – A moderately yielding aquifer system of variable water quality 
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Groundwater use in the above-mentioned catchments however, is relatively 

low due to the low aquifer yields as well as the abundant surface water 

available in the Waterberg region.  The low population density and low 

aquifer yields limit large-scale groundwater abstraction for irrigation and/or 

other uses.  As a result, the groundwater resources are fairly under-utilized. 

 

Groundwater at Grootegeluk Coal is recovered through dewatering boreholes 

in the Letaba Basalt, and is used in the Beneficiation Plants, for dust 

suppression on haul roads and within the open pit mine, which is situated in 

the Upper Ecca formation across the Daarby Fault (barrier to groundwater 

flow). 

 

4.8.2 Baseflow to Streams – Ecological Receptors 

Baseflow is that part of stream flow that derives from groundwater and 

shallow subsurface storage.  During the dry season, the stream flow is 

typically composed entirely of baseflow. 

 

The groundwater contribution to baseflow is much higher for the southern, 

higher lying parts of the Mokolo catchment (Quaternary catchments A42A -E) 

compared to the middle, lower lying parts of the Mokolo catchment 

(Quaternary catchments A42G –H & A42J) as shown in Table 4.10.  From this 

information no contribution of groundwater baseflow to streams is expected 

in the A42J catchment, in which the Grootegeluk mine is located. 

Table 4.10 Baseflow to streams 

Resource 

unit 

MAR (Mm3/a) Base flow 

Schultz 

(mm/a) 

Base flow 

Pitman 

(mm/a) 

Base flow 

Hughes 

(mm/a) 

Base flow 

Main.  Low 

flow (Mm/a) 

GW 

contribution 

to base flow 

(mm/a) 

A42A 25.89 16.75 31.4 27.26 4.07 15.18 

A42J 7.42 0 0 0.05 0.36 0 
Source: DWAF (2009). 
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5 NUMERICAL MODELLING 

5.1 STEADY STATE MODEL 

Prior to the simulation of mining and dewatering activities, a pre-mining 

steady state groundwater flow model was set-up and calibrated.  The objective 

of the steady state model was to simulate the undisturbed groundwater 

system in the region prior to commencement of mining.  The impacts of 

mining during operation on the groundwater level were determined by 

comparing the transient state simulated water level results with the steady 

state water levels.   

 

Grootegeluk Mine has a well managed groundwater database stored in MS 

Excel in WISH format.  However the earliest water level data available dates 

back to the commencement of the mine and are unsuitable for the steady state 

model calibration.  The steady state model is calibrated with the NGDB 

groundwater level measurements obtained from DWAF dating pre 1980 (pre-

mine commencement). 

 

5.1.1 Model Setup 

During model setup, the conceptual model is translated into a numerical 

model.  This stage entails selecting the model domain, definition of model 

boundary conditions, discretizing the data spatially and over time, defining 

the initial conditions, selecting the aquifer type, and preparing the model 

input data.  The above conditions together with the input data are used to 

simulate the groundwater flow in the model domain for pre-mining steady 

state conditions. 

 

5.1.2 Model Domain and Boundary Conditions 

Based on the request of Grootegeluk Mine, a regional model was developed to 

incorporate an area of 1,290 km2 whereby the Grootegeluk Pit is at about the 

centre of the domain.   

 

The regional model domain is required to assess the large-scale groundwater 

flow conditions on a catchment scale and to evaluate the potential impacts of 

mining activities on a regional scale.  The model attempts to investigate the 

possibility of contaminants, such as sulphates which originates at the site, to 

migrate beyond the boundaries of the mine, reaching off-site receptors, 

possibility to the Mokolo River, groundwater users and other regional 

receptors.   

 

The model domain (Figure 2.1) is irregularly shaped defined by the minimum 

and maximum coordinates listed in Table 5.1.  The model domain is defined by 

the following boundaries: 
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• On the north by the Zoetfontein Fault; 

 

• On the northeast by the Mokolo River; 

 

• On the east, by the A42J andA42H catchment boundaries; 

 

• Along southeast, by the A42J and A42G catchment boundaries; and 

 

• The rest of the model boundary does not coincide with any significant 

geological or geographical features but is located south-east of the 

Limpopo River and north of the Waterberg Mountains.   

 

Table 5.1 Boundary coordinates of the model domain 

Xmin Ymin Xmin Ymax 

26513 -634421 77909 -5926174 

 

 

The boundaries assigned to the model domain are illustrated in Figure 5.1 and 

described as follows: 

 

• The Mokolo River is simulated using the River Package; 

 

• The rest of the model boundary is simulated by a General Head Boundary 

(GHB).  Initially the steady state was simulated by assuming a fixed head 

boundary to evaluate the regional groundwater inflow/outflow.  Then the 

fixed head was replaced by the GHB with equal amount of regional 

groundwater inflow/outflow rates.  Using this approach, the GHB is 

expected to simulate the model boundary more accurately than the 

boundaries applied by: 

 

• Golder Associates (2007) applied a no-flow boundary but the model 

domain is not enclosed by a flow barrier and this cannot represent the 

actual aquifer system; 

   

• IGS (Bester and Vermeulen, 2009) applied a fixed head boundary in all 

directions of the model domain.  This however is unrepresentative of 

the actual aquifer system as the model boundary does not coincide 

with any fixed head system.  The application of constant head 

boundary can result in significantly higher inflow rates as mine 

dewatering continues as it provides unlimited water supply. 
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5.1.3 Top/Bottom of Aquifer 

In the vicinity of the Grootegeluk Mine, the national 5 m interval topographic 

survey was not completed to date.  The 20 m interval is however available and 

was used in this project.   

 

The elevation data was interpolated across the finite difference cells using the 

Field Interpolator package in PMWIN.  This was then imported as top of the 

model domain.  The following assumptions were made with regards to the 

aquifer thickness: 

 

• The bottom of the top weathered aquifer was set 7 m below the surface 

elevation; 

 

• The maximum depth at Grootegeluk Pit is expected to be 120 m below the 

ground surface and represents the depth of the second aquifer (Roux, 

2009).   

 

5.1.4 Model Mesh 

A rectangular mesh was generated over the model domain, consisting of 

319 rows and 471 columns (Figure 5.1).  The mesh was refined in the vicinity of 

the Grootegeluk Mine and proposed Thaba Metsi Pit sites to cell sizes of 

65 x 65 m.  Although a smaller grid size may results in prolonged running 

time, it was important to refine the model over the investigation sites, so that 

the groundwater gradient can be calculated more accurately.  Cell dimensions 

of the outside part of the model domain are set at 400 x 400 m. 

 

5.1.5 Layer Type 

The shallow weathered aquifer (top of the model domain) is assigned as an 

unconfined layer.  The fractured aquifer and coal seam zones are simplified as 

being confined along fractures and bedding planes. 

 

5.1.6 Hydraulic Parameters 

The parameters described below were applied to the model domain: 

 

Recharge 

The heterogeneity of the Grootegeluk aquifers means that the natural recharge 

(the portion of rainfall that infiltrates the ground and eventually replenishes 

the groundwater reservoir) is not expected to be uniform across the model 

domain.  Aquifers covered by higher permeability sand or intersected by 

vertical fractures are expected to receive a higher recharge than those covered 

by clay soil and unweathered rock layers.  Site specific recharge studies were 

not conducted in the project area and the distribution of natural recharge is 

uncertain.  Model calibration was used to estimate a uniform recharge value of 
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0.22% of the MAP.  This is in the same order to the recharge value estimated 

by Vegter (1995) which ranges between 0.2 – 1.2% of the MAP.  A uniform 

recharge value was applied in order to avoid over complication of the site 

model. 

 

Transmissivity 

The transmissivity values (T-value) obtained from the aquifer tests were 

applied to the model domain (Figure 5.2) to simulate the regional groundwater 

flow system.  The final T-value utilised could reasonably differ from the data 

obtained from aquifer test data as part of the model calibration so that the 

observed and simulated water heads can be correlated.   

 

All of the tested boreholes are located in close vicinity to the pit and the 

interpreted T-values are only representative for approximately 10% of the 

model domain.  The T-values for the remainder of the model domain was 

based on reasonable T-value estimates for Karoo aquifers as well as model 

calibrations to simulate the site specific observed head values. 

 

Figure 5.2 Transmissivity zones calibrated 
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5.1.7 Steady State Model Calibration 

The model was calibrated by varying model input data over realistic ranges of 

values until a satisfactory match between simulated and observed water level 

data was achieved.  Based on data availability, the most uncertain parameters 

are assumed to be: 

 

• The spatial distribution and volume of annual natural recharge; 

• The baseflow to the Mokolo River;  

• Transmissivity of the primary (porous) aquifers; 

• Transmissivity of the secondary fractures and Daarby Fault; and 

• Regional inflow/outflow of groundwater into/out of the model domain.   

 

Since the recharge and transmissivity are dependent on each other via the 

measured heads, the model was not calibrated by changing the T-value and 

recharge simultaneously.  The T-value was calibrated based on the aquifer test 

data while the recharge value was adjusted using the automatic parameter 

estimation programme, PEST.   

 

The PCG2 package is used to solve the partial differential equations.  

Convergence criteria of a residual flux of 10-3m3/day and a head change of   

10- 3 m were selected. 

 

5.1.8 Observation Boreholes 

A total of 132 observation boreholes were used for the steady state model 

calibration (shown in Figure 5.3).  All of the water level measurements were 

conducted pre 1980 (pre-mining) and are not expected to be affected by mine 

dewatering.  Where more than one water level measurement is available, 

either the mean or one of the values was used.  These boreholes are relatively 

uniformly distributed across the model domain.   

 

Borehole naming in the NGDB database is composed of 11 characters.  By 

default however, PMWIN accepts a maximum of six characters only.  The 

NGDB boreholes were therefore renamed from BH001 – BH133 (Table 5.2). 
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Table 5.2 NGDB boreholes used for the steady state calibration 

NGDB  

Borehole 

Name 

PMWIN  

Borehole 

Name X Y Z 

WL 

(m) 

Head 

(m) Date measured�

13375 BH001 60203.19 -628586.22 910 24.08 885.92 18/12/1962 

2324AD00001 BH002 47707.13 -597845.08 860 36.57 823.43 17/12/1958 

2324AD00002 BH003 47708.15 -597845.08 860 21.33 838.67 17/12/1958 

2324AD00003 BH004 47707.12 -597846.19 860 18.89 841.11 06/01/1959 

2327AD00079 BH005 47709.17 -597845.09 860 30.48 829.52 22/11/1958 

2327BC00004 BH006 63952.73 -595199.88 840 30.18 809.82 14/12/1954 

2327BC00050 BH007 54526.94 -595161.93 860 28.96 831.04 12/07/1978 

2327BC00055 BH008 64736.47 -597050.74 840 27.43 812.57 10/05/1954 

2327BC00264 BH009 52811.64 -598786.24 860 33.53 826.47 01/12/1955 

2327BC00281 BH010 59633.28 -596043.42 860 27.13 832.87 07/08/1926 

2327BC00283 BH011 69858.15 -594243.19 800 9.14 790.86 20/08/1947 

2327CB00001 BH012 44217.37 -625523.19 940 39.62 900.38 30/06/1964 

2327CB00010 BH013 44262.20 -610756.10 900 20.5 879.5 10/03/1948 

2327CB00013 BH014 47659.07 -612613.10 920 36.58 883.42 27/04/1945 

2327CB00014 BH015 47660.09 -612613.10 920 39.01 880.99 04/03/1921 

2327CB00015 BH016 34051.34 -612575.04 880 8.84 871.16 30/11/1922 

2327CB00017 BH017 32342.97 -616262.62 900 21.33 878.67 27/11/1922 

2327CB00022 BH018 35738.98 -618116.84 900 21.34 878.66 11/11/1922 

2327CB00023 BH019 35740.00 -618116.84 900 21.34 878.66 27/11/1959 

2327CB00027 BH020 39144.06 -616279.28 900 16.76 883.24 19/01/1960 

2327CB00028 BH021 39144.06 -616280.39 900 21.34 878.66 24/10/1922 

2327CB00031 BH022 47665.09 -610766.80 920 45.72 874.28 09/11/1960 

2327CB00032 BH023 47665.09 -610767.91 920 36.58 883.42 15/06/1924 

2327CB00033 BH024 47666.11 -610766.81 920 37.49 882.51 02/11/1953 

2327CB00034 BH025 45992.62 -601532.18 870 36.58 833.42 12/02/1959 

2327CB00036 BH026 45992.61 -601533.29 870 45.72 824.28 15/08/1953 

2327CB00046 BH027 42572.52 -607059.60 900 36.58 863.42 30/03/1957 

2327CB00062 BH028 49356.10 -614463.95 900 22.86 877.14 18/06/1946 

2327CB00064 BH029 49357.12 -614463.95 900 18.29 881.71 29/08/1946 

2327CB00065 BH030 49353.03 -614468.36 900 23.16 876.84 18/01/1921 

2327CB00067 BH031 47629.92 -621842.41 920 33.53 886.47 07/11/1921 

2327CB00068 BH032 47628.90 -621843.51 920 33.53 886.47 24/03/1953 

2327CB00077 BH033 39168.79 -607051.21 870 15.24 854.76 20/04/1923 

2327CB00078 BH034 45957.84 -612607.64 900 19.81 880.19 19/10/1920 

2327CB00088 BH035 42551.03 -614442.52 900 22.86 877.14 01/08/1944 

2327CB00090 BH036 42551.03 -614443.63 900 15.24 884.76 27/07/1920 

2327CB00092 BH037 28937.74 -618102.86 890 15.24 874.76 04/01/1922 

2327CB00093 BH038 34029.79 -621804.24 910 14.94 895.06 12/10/1965 

2327CB00101 BH039 48523.77 -608217.80 940 62.48 877.52 08/03/1924 

2327CB00103 BH040 44513.62 -621678.59 920 21.34 898.66 26/03/1968 

2327CB00111 BH041 49340.54 -618157.65 900 18.29 881.71 26/09/1946 

2327CB00113 BH042 49340.54 -618158.76 900 4 896 01/04/1974 

2327CB00116 BH043 49343.61 -618156.56 900 16.76 883.24 17/02/1970 

2327CB00117 BH044 49340.53 -618160.98 900 9.75 890.25 27/02/1970 

2327CB00119 BH045 49340.53 -618162.08 900 9.75 890.25 28/09/1966 

2327CB00120 BH046 49345.65 -618156.56 900 9.75 890.25 16/06/1966 

2327CB00121 BH047 49340.52 -618163.19 900 2.74 897.26 24/06/1966 

2327CB00124 BH048 49347.69 -618156.57 900 17.07 882.93 01/05/1920 

2327CD00018 BH049 32314.25 -629184.46 940 15.54 924.46 18/07/1923 

2327DA00002 BH050 61219.39 -623740.73 880 9.75 870.25 28/08/1924 

2327DA00007 BH051 61250.46 -616355.38 880 18.9 861.1 02/10/1920 

2327DA00008 BH052 61250.45 -616356.49 880 27.43 852.57 23/04/1958 
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NGDB  

Borehole 

Name 

PMWIN  

Borehole 

Name X Y Z 

WL 

(m) 

Head 

(m) Date measured�

2327DA00012 BH053 56390.17 -622827.37 900 21.34 878.66 31/12/1957 

2327DA00014 BH054 56549.02 -622890.01 900 10.36 889.64 04/08/1958 

2327DA00015 BH055 56576.44 -622920.02 900 21.34 878.66 18/07/1958 

2327DA00018 BH056 56661.74 -623013.39 900 28.35 871.65 12/04/1924 

2327DA00024 BH057 72470.10 -600038.58 820 10.67 809.33 30/06/1966 

2327DA00026 BH058 63875.97 -612336.10 860 21.34 838.66 25/08/1960 

2327DA00029 BH059 57816.58 -624710.35 900 22.86 877.14 10/02/1960 

2327DA00030 BH060 57816.58 -624711.45 900 22.86 877.14 14/12/1959 

2327DA00032 BH061 57816.57 -624712.56 900 22.25 877.75 04/10/1960 

2327DA00033 BH062 57818.62 -624710.36 900 18.29 881.71 31/10/1960 

2327DA00035 BH063 57819.64 -624710.36 900 22.86 877.14 24/11/1959 

2327DA00038 BH064 56209.03 -600706.07 880 36.27 843.73 18/08/1926 

2327DA00045 BH065 52717.01 -625551.55 900 1.83 898.17 26/04/1954 

2327DA00046 BH066 52714.96 -625553.76 900 16.15 883.85 17/09/1958 

2327DA00047 BH067 52718.03 -625551.55 900 15.24 884.76 04/11/1958 

2327DA00051 BH068 61489.56 -620141.05 880 32.92 847.08 04/08/1924 

2327DA00054 BH069 61460.74 -620201.85 880 24.38 855.62 30/06/1953 

2327DA00055 BH070 57893.69 -605265.84 900 39.62 860.38 19/04/1924 

2327DA00067 BH071 61676.24 -602727.20 860 28.96 831.04 27/05/1924 

2327DA00072 BH072 68984.75 -616943.73 840 27.43 812.57 04/01/1957 

2327DA00077 BH073 69070.01 -617036.07 840 11.58 828.42 13/04/1921 

2327DA00080 BH074 62192.60 -608114.45 860 24.38 835.62 19/06/1924 

2327DA00087 BH075 67298.23 -607860.14 840 12.19 827.81 29/07/1924 

2327DA00089 BH076 71863.07 -613819.76 860 33.83 826.17 09/02/1954 

2327DA00096 BH077 57864.47 -612649.96 880 21.34 858.66 03/09/1921 

2327DA00097 BH078 59239.85 -601886.48 860 12.5 847.5 30/10/1957 

2327DA00102 BH079 65562.02 -615512.42 860 24.08 835.92 11/08/1965 

2327DA00104 BH080 65567.82 -614220.98 860 33.53 826.47 07/10/1953 

2327DA00105 BH081 65569.73 -614250.89 860 30.48 829.52 09/04/1958 

2327DA00109 BH082 68082.60 -609988.15 840 19.81 820.19 14/01/1953 

2327DA00111 BH083 71448.62 -617386.46 840 31.7 808.3 24/12/1956 

2327DA00112 BH084 71448.61 -617387.57 840 28.96 811.04 19/09/1924 

2327DA00113 BH085 71449.64 -617386.47 840 36.58 803.42 15/12/1956 

2327DA00114 BH086 66363.55 -613823.62 860 33.53 826.47 02/02/1957 

2327DA00117 BH087 66360.61 -614470.45 860 27.43 832.57 30/08/1924 

2327DA00119 BH088 66360.47 -614501.46 860 35.05 824.95 07/10/1955 

2327DA00125 BH089 52784.10 -606722.93 940 59.44 880.56 10/03/1924 

2327DA00128 BH090 54751.28 -618759.57 900 22.86 877.14 19/11/1945 

2327DA00129 BH091 63489.26 -609965.27 860 18.29 841.71 19/02/1957 

2327DA00130 BH092 63516.81 -609966.49 860 15.24 844.76 19/09/1921 

2327DA00131 BH093 63545.40 -609965.51 860 16.76 843.24 16/07/1952 

2327DA00134 BH094 52445.93 -613614.13 920 51.82 868.18 13/08/1921 

2327DA00137 BH095 59541.46 -618348.62 880 17.37 862.63 05/01/1921 

2327DA00138 BH096 59570.03 -618348.73 880 24.69 855.31 22/03/1958 

2327DA00139 BH097 59627.15 -618348.97 880 18.29 861.71 20/08/1921 

2327DA00145 BH098 53540.49 -616510.00 900 18.29 881.71 01/11/1946 

2327DA00150 BH099 58427.92 -613389.86 880 27.43 852.57 26/09/1921 

2327DA00151 BH100 58427.80 -613420.87 880 21.03 858.97 23/03/1954 

2327DA00152 BH101 58420.28 -615298.20 880 21.34 858.66 19/02/1958 

2327DA00154 BH102 66418.96 -601610.42 840 11.58 828.42 11/08/1952 

2327DA00161 BH103 63876.85 -612367.11 860 24.38 835.62 05/08/1960 

2327DA00162 BH104 63876.10 -612305.08 860 22.56 837.44 19/08/1921 

2327DA00164 BH105 63876.37 -612244.17 860 23.77 836.23 02/03/1954 

2327DA00266 BH106 63494.88 -621564.08 880 27.43 852.57 05/06/1952 

2327DA00267 BH107 67471.98 -607153.19 840 21.34 818.66 03/12/1956 

2327DA00268 BH108 67499.54 -607154.42 840 17.68 822.32 08/12/1956 

2327DA00269 BH109 57875.44 -609879.94 880 16.76 863.24 06/03/1968 
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NGDB  

Borehole 

Name 

PMWIN  

Borehole 

Name X Y Z 

WL 

(m) 

Head 

(m) Date measured�

2327DA00273 BH110 70085.70 -617779.70 840 35.66 804.34 18/12/1953 

2327DA00278 BH111 52312.24 -619305.51 900 17.68 882.32 11/03/1920 

2327DA00280 BH112 52315.03 -618812.64 900 16.76 883.24 26/01/1921 

2327DA00293 BH113 69770.24 -612704.21 840 13.72 826.28 03/12/1909 

2327DA00294 BH114 69772.29 -612702.00 840 12.19 827.81 26/11/1909 

2327DA00296 BH115 54402.61 -621158.41 900 24.38 875.62 12/09/1946 

2327DA00303 BH116 56968.20 -624185.32 900 28.04 871.96 14/06/1924 

2327DA00305 BH117 69770.23 -612705.32 840 15.54 824.46 04/02/1910 

2327DA00307 BH118 69770.22 -612706.42 840 25.91 814.09 03/10/1968 

2327DA00309 BH119 69770.22 -612707.53 840 23.47 816.53 10/11/1924 

2327DA00310 BH120 69775.35 -612702.02 840 12.19 827.81 07/05/1914 

2327DA00311 BH121 69770.21 -612708.64 840 9.14 830.86 25/04/1912 

2327DA00312 BH122 61251.48 -616355.39 880 19.81 860.19 11/03/1954 

2327DA00317 BH123 64675.59 -605297.54 840 18.29 821.71 15/11/1966 

2327DC00012 BH124 60520.10 -628321.08 910 18.29 891.71 30/11/1963 

2327DC00068 BH125 56990.83 -632956.52 920 46.94 873.06 13/01/1961 

2327DC00072 BH126 51908.13 -629339.93 900 6.4 893.6 15/10/1957 

2327DC00115 BH127 54094.21 -627833.83 900 9.14 890.86 24/12/1937 

2327DC00116 BH128 54094.09 -627864.84 900 10.97 889.03 21/09/1957 

2327DD00074 BH129 46068.18 -622576.13 930 36.58 893.42 06/01/1945 

2327DD00076 BH130 46124.27 -622576.31 930 28.96 901.04 03/03/1948 

2327DD00079 BH131 46181.38 -622576.49 930 24.38 905.62 08/04/1948 

2327DD00080 BH132 46209.93 -622576.58 930 36.58 893.42 08/10/1947 

2327DD00084 BH133 46294.58 -622576.85 930 39.62 890.38 04/07/1947 

        

 

 

After the hydraulic parameters of the various geological units were adjusted 

within a reasonable range, a good correlation of 96.4% was obtained between 

the simulated and observed groundwater elevation (Figure 5.4).  The root 

mean squire error of 5.7 m and absolute mean error of 4.8 m of the model 

calibration are considered to be sufficiently small, given that the observed 

maximum head difference over the model domain area is 115 m and that the 

number of unknown input parameters is kept small.   
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Figure 5.4 Correlation between the observed and simulated heads 

 

 

The histogram of the differences between observed and calculated head 

values (residuals) is plotted in Figure 5.5.  Most of the residuals (82%) are 

situated between -5 and 5 m.  The remaining outliers are less than 10 m and 

are mainly located in the outskirts of the model domain.  This could be due to 

aquifer heterogeneity as well as data limitations.  However in terms of the 

model purpose, ERM considered the level of model calibration as satisfactory. 

 

Figure 5.5 Histogram of Residuals (Observed Minus Calculated Heads)  
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5.2 TRANSIENT MODEL – GROUNDWATER FLOW MODEL 

The impact assessments due to the historical and future mine activities are 

computed in a transient model with different stress periods over time to 

simulate changes related to model parameters with time.   

 

5.2.1 Model Setup 

During the model setup, the steady state model is converted into a transient 

model.  This stage entails selecting the appropriate time-dependent 

parameters such as artificial recharge, abstraction boreholes and mine 

dewatering.  The geometry of the model domain, boundaries, top and bottom 

of the layers, mesh size and layer type remain as defined in the steady state 

model.  Similarly the regional time-independent parameters, i.e.  hydraulic 

conductivities, transmissivities, regional base flow and calibrated natural 

recharge values remain the same.  The solution of the calibrated steady-state 

model is used as initial hydraulic head distribution of the transient model.   

 

Based on the interaction of the mining activities with the groundwater 

environment, mine operation can be subdivided into five phases.  These 

phases are illustrated in Figure 5.6 and described as follows: 

 

• Phase 1: 1980 – 2010: Grootegeluk Pit mining; 

 

• Phase 2: 2010 – 2015: Grootegeluk Pit mining and backfilling; 

 

• Phase 3: 2015 – 2050: Grootegeluk Pit mining and backfilling, Thaba Metsi 

Pit mining and backfilling; 

 

• Phase 4: 2050 – 2065: Grootegeluk Pit mining and backfilling, Thaba Metsi 

closure with final evaporation void 

 

• Phase 4: post 2065: Grootegeluk Pit closure and final void evaporation 

 

The size of the backfill is expected to increase as mining progresses.  This 

means that the storativity and transmissivity of the backfill is time-dependent.  

In PMWIN however these parameters are treated as time-independent and 

separate models have to be developed in every phase when the backfill size 

increases (when the storativity and transmissivity change). 
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Figure 5.6 Schematic presentation of modelling phases 

 

5.2.2 Stress Periods and Time Steps 

In accordance to the existing Grootegeluk Mine model (Roux, 2003), the main 

drivers used as stress periods in the model were decided to be the scheduling 

of the tailings dam system over the life of mine.  Other impacts which 

coincided with the expansion and scheduling of the tailing dams included the 

progressive deepening of the open pit development, groundwater abstraction, 

the placement of overburden and coal discard.   

 

Accordingly, seventeen stress periods (listed in Table 5.3) were used in Phase 1 

(from 1980 – 2010) within which the impacts on the groundwater domain were 

assumed to be fairly uniform.   

 

Table 5.3 Stress periods applied for the Grootegeluk Mine 

Stress  

Period Start End Length (days) Time Steps 

1 Jan-80 Jun-83 1247 7 

2 Jun-83 Jun-85 731 4 

3 Jun-85 Jan-87 579 3 

4 Jan-87 Jan-92 1826 10 

5 Jan-92 Jan-97 1827 10 

6 Jan-97 Jan-98 365 2 

7 Jan-98 Jan-00 730 4 

8 Jan-00 Jan-01 366 2 

9 Jan-01 Jun-01 151 1 

10 Jun-01 Jun-03 730 4 

11 Jun-03 Jun-05 731 4 

12 Jun-05 Feb-06 272 1 

13 Feb-06 Jun-06 122 1 

14 Jun-06 Jul-07 396 2 

15 Jul-07 Nov-08 488 3 

16 Nov-08 Feb-09 90 1 

17 Feb-09 Dec-10 671 4 
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5.2.3 Artificial Recharge  

No historical record is available for the artificial recharge.  Therefore recharge 

of the Grootegeluk Mine numerical model was used (Table 5.4).   

 

The mine model simulates the artificial recharge as a time-variant specified-

head boundary.  This however resulted in unlimited supply of groundwater 

inflow which is more than the expected recharge values in areas where the 

water head is higher than the water table, such as the TSF.  Due to the nature 

of the specified-head (which keeps the head constant at the specified time 

interval), some of the return water dams were “dewatering” whenever the 

regional water level exceeds the elevation of the water head in the dam.  In 

this investigation the artificial recharge was calculated using the River 

Package. 

 

5.2.4 Abstraction Boreholes 

Grootegeluk Mine is abstracting groundwater since 1992 to minimise the 

mounding of groundwater in the northern compartment due to artificial 

recharge.  In this way, a cone of depression can be induced and by reversing 

the flow gradients, potential outflow from the mine can be reduced.  The 

boreholes and abstraction rates applied is listed in Table 5.5 (Roux, 2009).   
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5.2.5 Transient State Model Calibration 

The transient state model calibration was conducted primarily to estimate the 

aquifer storage values.  Two sets of data were used during this calibration:  

 

• Aquifer test data, which is a short-term drawdown; and  

• Pit dewatering data, which is a long-term drawdown.   

 

Observation Boreholes 

The boreholes utilised for the transient state calibration were: BH VP5, 

WBR45, WBR25, ZT5A, VP7, WB36, and JY02.  The model was further refined 

at the positions of these boreholes to minimise wellbore storage effects and 

calculate the hydraulic gradients more accurately.   

 

The correlation between the observed and simulated drawdown is shown in 

Figure 5.7. 
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Figure 5.7 Correlation between the aquifer test data and simulated drawdown 

 

 

Mine Dewatering 

Currently there is no record of the groundwater inflow rates into the pit.  It is 

understood that the inflow rate was proportional to the excavation rate, i.e.  

the faster the pit is excavated, the higher the water inflow since the 

groundwater storage was not depleted during the early stages of pit 

development.  However the rate of pit development pre 1998 was not 

available.  Therefore the estimation of the historical pit inflow rates was 

difficult.  In this study the pit excavation rates were extracted from the 

numerical model of Grootegeluk Mine (Roux, 2003).   

 

The Drain Package in PMWIN was utilised to simulate the groundwater 

inflow rates into the mine.  Since there is no historical inflow record, the 

accuracy of the inflow rates estimated by the model could not be validated but 

indirect verification was possible through comparison of simulated 

drawdown with the actual water level monitoring data as shown in Figure 5.8.   
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Figure 5.8 Correlation between the pit dewatering and simulated drawdown 

 

 

Aquifer Storage 

Historical data shows that the storativity values estimated form aquifer tests 

range from less than 10-20 to 1.  This is most possibly as a result of the inherent 

difficulty in estimating storativity from aquifer test data.  As stated by Sen 

(1987), although the transmissivity can be very well estimated with a 

reasonable accuracy from the abstraction borehole data using analytical 

methods, it is not possible to calculate the storage coefficient reliably.   

 

The storage coefficient in this investigation was estimated using model 

calibration and is found to be in the order of 10-3 which is considered to be 

typically characteristic of Karoo aquifers.   

 

The transmissivity and storage coefficient of the backfill material was assumed 

to be 500 m2/d (Bester and Vermeulen, 2009) and 0.2 (Golder Associates, 2007), 

respectively.   
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5.3 TRANSIENT MODEL – SOLUTE TRANSPORT MODEL 

Monitoring data indicates sulphate concentrations (and other contaminants) 

increased in many of the boreholes located close to the identified source areas 

(TSF, waste rock dumps, coal stockpile and dams).  The numerical model was 

used to estimate the contaminant mass released into the groundwater since 

commencement of mining.   

 

5.3.1 Transport Parameters 

No site specific field measurements were available for dispersivity.  Generally, 

the longitudinal dispersivity is approximately 10% of the travel distance of the 

plume (distance between sources to receptors).  The transversal dispersivity is 

approximately 10% of the longitudinal dispersivity.   

 

A longitudinal dispersivity (�L) of 450 m, which is 10% of the distance 

between the TSF and the open pit, was applied.  A transversal dispersivity (�T) 

of 45 m (10% of the �L) was also applied.   

 

5.3.2 Source Location and Input Concentration 

All the unlined sources of artificial recharge at the Grootegeluk Mine could 

potentially contaminate the groundwater.  Transport modelling requires an 

input source concentration and duration of mass release from each source.   

 

However this data was not available during this investigation and a reverse 

modelling was utilised to estimate the minimum concentration at the 

suspected sources by increasing the source concentration until a good 

correlation between the simulated and monitoring concentration was 

achieved.   

 

The estimated source concentration represented the lowest (minimum) 

concentration as it excluded the amount of contaminants that are potentially 

adsorbed in the aquifer matrix.   

 

5.3.3 Observation Boreholes 

Due to the aquifer heterogeneity and information gaps, monitoring boreholes 

in close proximity of the identified sources were used to estimate the sulphate 

mass released during the operational period.  The boreholes utilised included: 

WB36, WB48, WB50, WBR35, WBR4, WB39, WB41, and WB46.   

 

The sulphate concentration in the source areas was constantly increased until 

the simulated concentration correlated with the monitoring data as shown in 

Figure 5.9.   
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Figure 5.9 Correlation between the observed and simulated sulphate concentration 
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6 MODEL RESULTS 

6.1 STEADY STATE MODEL 

The steady state model result refers to the baseline groundwater conditions 

before mining commenced (pre 1980) where groundwater flow and quality is 

controlled by natural recharge and dissolution processes only. 

 

6.1.1 Water Level and Flow Direction 

The simulated piezometric heads of the calibrated steady state model are 

shown in Figure 6.1.  In general groundwater levels follow the topography 

which decreases from the south (Waterberg Mountains) towards north-east 

(Mokolo River) and north-west (Limpopo River).  The piezometric head 

ranged from 800 mamsl in the north-east to 960 mamsl in the south. 
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6.1.2 Groundwater Water Balance 

The pre-mining steady state groundwater balance (listed in Table 6.1) indicates 

that the sources of water were recharge (32%), inflow from the Mokolo River 

(7%) and regional inflow (61%) from adjacent aquifers, mainly from the south.  

The loss of Mokolo River to the groundwater was expected to occur locally 

when the river head was above the groundwater level. 

 

The water balance also indicated that the Mokolo River is mainly a gaining 

stream whereby 15% of the outflow joins the river as a baseflow.  The 

remaining 85% outflows to the adjacent aquifers, mainly on the north-west 

part and is finally expected to join the Limpopo River which is beyond the 

model domain. 

 

This indicates that the aquifers of the Grootegeluk Mine are not independent 

separate units but contributes to the flow of regional aquifers and long-term 

mine activities can potentially influence the regional groundwater system.   

 

Table 6.1 Estimated pre-mining water budget for the whole model domain 

Component Inflow (m3/d) Outflow (m3/d) Balance (m3/d) 

Recharge 1628 0 1628 

Mokolo River 332 743 -411 

Regional flow 3050 4268 -1218 

 

 

6.1.3 Sensitivity Analyses 

An automatic sensitivity analysis using PEST was conducted to quantify the 

uncertainty in the model as a result of uncertainty in input parameters.  Input 

parameters were varied over a factor of 0.1 and 10 of the calibrated value, 

respectively.  Model sensitivity was evaluated for the following zones and 

parameters: 

 

• Transmissivity of primary aquifers in the southern compartment (T of SC); 

 

• Transmissivity of the basalt aquifer (T of basalt); 

 

• Transmissivity of primary aquifers in the northern compartment (T of 

NC); 

 

• Transmissivity of the Daarby Fault (T of DF) 

 

• Transmissivity of the remaining fractures and lineaments (T of F) 

 

• Recharge in the model domain; and 

 

• Regional inflow (GHB)  
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Unlike the Daarby Fault the Eenzaamheid Fault is located far enough from the 

pit and therefore influence on mine dewatering is not expected to be as 

significant as the Daarby Fault.  Therefore the sensitivity analysis for the 

Eenzaamheid Fault was not conducted at this stage of the project. 

 

From Figure 6.2, the model was most sensitive to the recharge, because it has 

been applied across the entire model domain.  Although the model was 

sensitive to the hydraulic conductivities of the various aquifer zones, it was 

less sensitive in comparison to the recharge.  Further studies are required to 

refine recharge rates across the model domain to improve model confidence 

level.   

 

Figure 6.2 Sensitivity Analyses of the model domain to the transmissivity, recharge and 

regional inflow 

 

 

6.2 TRANSIENT MODEL 

The historical (1980 – 2010) and future mining impacts on the groundwater 

level and quality was simulated with the transient model.   

 

6.2.1 Dewatering Cones and Radius of Influence 

Due to the aquifer heterogeneity in the project area, the radius of influence is 

not expected to be uniform.  The Daarby Fault is a groundwater flow barrier 

(Roux, 2009) and groundwater inflow from the north of this fault is limited, 

with insignificant expansion of the dewatering cone to the northern 

compartment.  However the Karoo Aquifer(s) west of the Grootegeluk Pit are 

more permeable due to fracturing and the dewatering cone is expected to 

expand mainly in these aquifer systems.  The maximum radius of the 

dewatering cone is therefore to the west, estimated at approximately 11 km 

(Figure 6.3).   
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Seepage from the TSF, waste rock dumps, coal stockpile and dams has 

artificially recharged the basalt aquifer and Clarens Sandstone north of the 

Daarby Fault (however local and limited to the northern compartment, Figure 

6.3). 

 

The radius of influence is dependent on aquifer properties and currently 

aquifer test data is only available for less than 10% of the model domain.  

Fractures were interpreted from regional scale 1:50 000 geological map and 

assumptions regarding their hydraulic properties was made.  The 

hydrogeological interpretation was therefore based on very limited available 

site specific information.  However, ERM is confident that the model output 

meets the requirements of the scope of work.
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6.2.2 Groundwater Water Balance 

The water budget for the entire model domain was simulated as shown in 

Table 6.2.  A positive balance is interpreted as water being added to the 

system, a negative balance indicates water being removed from the system.  

The water budget showed that water is added from: 

 

• Regional groundwater inflow from the south (53%);  

• Natural recharge through the infiltration of rainwater (26%); 

• Groundwater released from aquifer storage (11%);  

• Artificial recharge through seepage from the artificial sources (6%); and 

• Mokolo River losing to the groundwater (4%). 

 

Water is being removed from the system by: 

 

• Regional groundwater outflow (63%); 

• Mine dewatering simulated by drainage cells (23%).   

• Baseflow to the Mokolo River (10%). 

• Groundwater stored in aquifer storage (4%); and 

• Groundwater abstraction to minimise the mounding due to artificial 

recharge (0.1%); 

 

Table 6.2 Estimated current water budget 

Component Inflow (m3/d) Outflow (m3/d) Balance (m3/d) 

Aquifer storage 678 223 455 

Mokolo River 263 619 -356 

Abstraction boreholes 0 8 -8 

Drain 0 1463 -1463 

Natural recharge 1620 0 1620 

Artificial recharge 397 0 397 

Regional flow 3381 4024 -643 

 

 

6.3 SCENARIO/PREDICTIVE MODELLING 

The groundwater impact due to the combined activities (Grootegeluk Pit, 

Thaba Metsi Pit and the backfill) is expected to superimpose on each another 

as illustrated in Figure 6.4.  This is due to the close proximity of the pits with 

one another and concurrent backfilling.   

 

The proposed Thaba Metsi Pit is located within the radius of influence of the 

Grootegeluk Pit.  Dewatering cones from the Thaba Metsi Pit is expected to 

add cumulative drawdown to the Grootegeluk Pit.  The backfill is also 

expected to progress concurrently with the mining at the Grootegeluk and 

Thaba Metsi Pits.  The impacts of these activities are, therefore, expected to be 

cumulative and cannot be treated independently as separate scenarios. 
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Figure 6.4 Proposed Grootegeluk Pit expansion and proposed Thaba Metsi Pit (adapted 

from Exxaro via email correspondence) 

 

 

6.3.1 Groundwater Inflow Rates 

With backfilling of the pits, recharge is expected to increase by up to 20% of 

the MAP (Bester and Vermeulen, 2009).  The backfill material is also expected to 

be more permeable and have a higher storage capacity than the host rock.  The 

estimated groundwater inflow in the Grootegeluk Pit will therefore increase to 

approximately 5,000 m3/d, until mine closure in 2065 (Figure 6.5).   

 

Mining at the Thaba Metsi Pit is expected to start in 2015 and proceed until 

2050.  The expected groundwater inflow will increase with pit development 

and with backfilling to approximately 4,000 m3/d (Figure 6.5). 
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Figure 6.5 Estimated inflow rates for the Grootegeluk Pit expansion and proposed 

Thaba Metsi Pit 

 

The maximum dewatering cone is estimated to be reached in 2050 as result of 

simultaneous pits development (Figure 6.6).  Thereafter Thaba Metsi Pit is 

expected to be closed and partial recovery of groundwater is expected. 

 

Weathering and fracturing is not uniformly distributed across the model 

domain, implying that the capacity of the aquifer to store and transmit water 

is highly heterogeneous.  The presence of unidentified water bearing fracture 

zones with varying hydraulic properties over short distances within the 

mining pit areas could significantly increase the estimated inflow volumes 

and rates.   
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6.3.2 Backfill and Groundwater Recovery 

The open pit is not expected to be completely backfilled after mine closure.  A 

final void will be left as part of the contaminant management plan whereby 

evaporation from the void is expected to keep the water level below the 

regional groundwater depth (Figure 6.7).  Therefore the groundwater flow 

direction will remain towards the final pit void. 

 

Figure 6.7 Schematic diagram of the backfill and final void 

 

 

The mean annual evaporation (MAE) at the Grootegeluk area is 

2,000 mm/annum (Bester and Vermeulen, 2009) which is higher than the MAP 

(430 mm/annum).  It is estimated that the possibility for the groundwater to 

recover to its pre-mining level is limited due to this higher evaporation value.  

It is predicted that contaminants may potentially migrate from the final pit 

void due to diffusion caused by the concentration gradient, however expected 

to be insignificant in comparison to the recommended sulphate values. 

 

With the high evaporation rate (final pit void), no surface decanting is 

expected and the groundwater cone of depression 100 years after mine closure 

is shown in Figure 6.8.  If there is no final pit void for evaporation, assuming 

that the pit is completely backfilled, no surface decanting is expected and the 

water level will recover to pre-mining level in approximately 250 years.  

Therefore the implementation of backfill is not expected to impact the 

groundwater quantity negatively.
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6.3.3 Backfill and Groundwater Quality 

After mine closure, groundwater is expected to flow towards the pit and the 

water level within the pit is expected to recover (increase).  Precipitation and 

regional groundwater inflow are the major drives for water level recovery.  It 

is expected that as water seeps through the backfill material, acid will be 

generated (depending on the acid generation properties of the fill material) 

and the main groundwater flow direction will be towards the pit void. 

 

The backfill material is assumed to be composed of waste rock discard only.  

Golder Associates (2007) conducted geochemical modelling for the “discard 

only” scenario and reported that the sulphate concentration could range 

between 2,500 to 134,122 mg/L, with a likely concentration of 7,344 mg/L. 

 

In this investigation the likely case as well as worst case scenarios have been 

considered and the sulphate concentrations expected to seep to the final pit 

void and groundwater are estimated (Figure 6.9).   

 

The extent of the contamination plume is dependent on the acid mine 

drainage potential of the backfill material.  After 100 years of mine closure, the 

predicted worst case sulphate plumes (assuming backfill seepage quality of 

134,122 mg/L) is illustrated in Figure 6.10.   

 

Figure 6.9 Estimated post-closure cumulative sulphate mass to be released 
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6.3.4 Potential Impact of the Sintel Char Plant 

The potential impact and seepage rates from the various facilities within the 

Sintel Char Plant are discussed in this section. 

 

Seepage Rate 

The amount of the leakage from the Sintel Char pollution control dam was 

calculated using Darcy Equation and then incorporated into the groundwater 

flow model.  The equation is given by: 

 

Q = KAi 

 

Where:   

 

• Q is the seepage quantity; 

• K is the hydraulic conductivity of the liner; 

• A is the area of the liner; and 

• i is the hydraulic gradient acting across the liner and is equal to the total 

head or pressure difference across the liner divided by the liner thickness. 

 

The design of the pollution control dam and other potential contaminant 

sources within the Sintel Char were not available during the report writing 

and assumptions were, including: 

 

• The area of the pollution control dam is approximately 250 m2; 

 

• The maximum height of the dam is 1.5 m; 

 

• It is made up of bentonite liner (with a typical hydraulic conductivity 

value of 8.64 x 10-6 m/d; 

 

• The thickness of the bentonite liner is 0.5 m. 

 

Based on these assumptions, the seepage through the pollution control dam is 

approximated as 0.006 m3/d.  Considering the other potential seepage sources 

such as the coal and char stock yard and process plant, the leakage from the 

entire Sintel Char is estimated at approximately 0.015 m3/d.   

 

Contaminant Plume  

The simulated contamination plume after 10 years of Sintel Char (4 retort 

only) is given in Figure 6.11 and is insignificant in comparison to the plumes 

generated by the mine facilities in the vicinity of the plant.  The contamination 

plume is generated considering a source concentration of 100%.  Evaluation of 

the migration patterns and concentration distributions of any possible 

contaminant that could potentially be released has been expressed as a 
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percentage.  This is an easy and practical way to represent contaminant 

concentrations, where uncertainties regarding the input concentrations exist.  

For example, if the concentration of sulphate at the pollution control dam is 

200 mg/L, a contour value of 50% will indicate a concentration of 100 mg/L 

and a contour value of 10%, a concentration of 20 mg/L. 

 

The simulated contaminant plume showed that the contaminants from the 

Sintel Char have a limited footprint.  In comparison to the various 

Grootegeluk mine facilities (such as the TSF and waste rock dumps), the 

plume generated from the Sintel Char is estimated to be insignificant and is 

invisible on a similar scale (Figure 6.11). 

 

Figure 6.11 Contamination plume (expressed in %) after 10 years of Sintel Char operation 

 

 

Long-term Particle Tracking  

The PMPATH software which runs independently from the PMWIN was used 

to estimate the advective transport of potential contaminants from the Sintel 

Char plant.  The contaminant transport pathways of particles released from 

the plant are illustrated in Figure 6.12.   

 

Although the Grootegeluk Pit is only 2.5 km from the Sintel Char plant, the 

groundwater flow direction in the vicinity of the Sintel Char plant is not 

directed towards the pit in response to the flow gradients induced by the cone 

of dewatering.  The low-permeability Daarby Fault is located in between the 

pit and Sintel Char plant, separating the groundwater flow path into two 

different aquifer compartments.   

 

Locally the groundwater flow direction in the vicinity of the Sintel Char plant 

is towards the northwest and is affected by the local artificial recharge and 
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groundwater abstraction.  Since advection is the main mechanism of 

contaminant transport, contamination plumes from the current stockyard are 

expected to flow towards the plant.   

 

Figure 6.12 Contaminant migration pathways shown by particle tracking 

 

6.4 PROPOSED AMENDED GROUNDWATER MANAGEMENT PLAN 

Based on the findings of the current investigations conceptual and numerical 

models, an amendment of the current groundwater management plan has 

been proposed based on the following findings: 

 

• The dewatering radius of influence is not expected to be uniform as it 

is dependent on the aquifer properties; 

 

• Majority of the existing boreholes are located within the radius of 

impact;  

 

• The proposed Thaba Metsi Pit is located within the Grootegeluk Pit’s 

radius of influence and is expected to add cumulative drawdown; 

 

• The Daarby Fault is classified as a groundwater flow barrier and 

groundwater drawdown towards the north is limited; and  

 

• Identified data gaps in the north and south based on the current 

sulphates (SO4) concentrations and borehole distributions.  
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6.4.1 Monitoring Boreholes 

The main objective in positioning boreholes is the following: 
 

• To intersect the aquifer persuade by possible dewatering activities;  

 

• Adequate spatial distributed of proposed monitoring boreholes, both 

south and north of the impermeable to low permeable Daarby Fault 

zone; and  

 

• To close any identified gaps in the current monitoring program (both 

groundwater level and quality measurements).  
 

ERM suggest that the amendment of the current monitoring program is to 

follow a phase approach: 

 

• Phase I – Reviewing (Exxaro’s database) 

 

The following data gaps identified during this investigation with 

regards to the spatial distribution of monitoring boreholes: 

 

o Majority of the monitoring boreholes (for groundwater level 

measurements) are located within the current radius of 

influence; and  

 

o The sulphate (SO4) concentrations distribution exposed several 

areas with no/limited information. 
 

ERM proposed that Exxaro review their database with respect to accessible 

existing boreholes (Exxaro and privately owned) in order to identify any 

suitable and available boreholes to be utilized for future monitoring purposes 

(both quantity and quality). 
 

• Phase II – Upgrade (monitoring network) ERM proposed a tier 

approached towards the upgrading of the current monitoring network: 

 

o Address the identified/known gaps in the monitoring network. 

This should be conducted in conjunction with both the quantity 

(level) and quality monitoring objectives.  The spatial 

distribution of the boreholes utilize for monitoring should be 

sufficient and extent greater than the current radius of 

influence.  

 

o Continue maintenance of the monitoring network. As the 

mining progress with time and the need for more aggressive 

dewatering program(s), the drawdown effect on the 

surrounding environment will increase in distance from the 

mining activities.  Monitoring boreholes should ideally be 

distributed in a radial distribution and should take in account 
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the current effected radius of influence, geology (incl. 

structures) and hydrogeological information.  Figure 6.13 

portrays a generic distribution of possible locations although a 

lesser amount of wells could suffice. 

 

• Phase III – Monitoring and Sampling Regularly amend the spatial 

distribution of the monitoring boreholes based on the mining activities 

(progress) and monitoring data interpretation. 

 

6.4.2 Monitoring Frequency 

Groundwater is a slow-moving medium and drastic changes in the 

groundwater composition and level are not normally encountered within 

days.  However, this may change drastically based on the rate of dewatering, 

controlled or uncontrolled discharges of contaminants, etc. Monitoring must 

be recorded on a regular basis to detect any changes or trends. 

 

6.4.3 Groundwater Level Measurements and Sample Analysis 

Groundwater levels must be recorded on a regular basis to within and 

accuracy of 0.1 m, using an electrical contact tape, float mechanism or pressure 

transducer, to detect any changes or trends.  When sampling the following 

procedures are proposed: 
 

• One (1) liter plastic bottles, with a plastic cap and no liner within the 

cap are required for most sampling exercises.  

 

• Glass bottles are required if organic constituents are to be tested for, 

especially in the vicinity of the Sintel Char area.  

 

• Sample bottle should be marked clearly with borehole ID, sample date 

and water level depth, and 

 

• Water samples must be analyzed by an accredited analytical laboratory 

that uses approved analytical procedures.  
 

The following constituents are recommended to be included: 

 

• Macro Analysis i.e. Ca, Mg, Na, K, SO4, NO3, F, Cl, 

• pH and Alkalinity; and 

• Total Dissolved Solids (TDS) and Electrical Conductivity (EC). 

 

6.4.4 Data Interpretation and Storage 

Data must be stored in a proper groundwater database, which is easily 

accessible and can interface with chemical analysis software such as WISH, 

Aquachem, etc.
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7 CONCLUSIONS 

Based on the investigation conducted and numerical model developed, the 

following conclusions are made. 

 

7.1 CONCEPTUAL SITE MODEL 

Groundwater systems are often complex and the data input requirement is 

beyond our capability to evaluate in detail.  Therefore, it is necessary to make 

several simplifying assumptions to simplify the complex, real world 

hydrogeological conditions into a simplified, manageable model.  These 

assumptions, which reflect data gaps in the conceptual model regarding the 

aquifer distribution and the aquifer parameters, can result in areas of 

uncertainty in the model output and predictions.   

 

The conceptual site model is summarised as follows: 

 

• The aquifer systems at the Grootegeluk area are simplified and 

conceptualised to be composed of three units: the top weathered aquifer, 

the primary (porous) aquifer and the fractured secondary aquifer. 

 

• The thickness of the weathered zone is variable but is approximated to be 

7 m. The pre-mining steady state water level is about 28 mbgl which 

means that the weathered zone is unsaturated and not classified as an 

aquifer as it is not water-bearing.  However, due to artificial recharge from 

the various mining operations, the zone is expected to be saturated locally.   

 

• The primary (porous) aquifer is less permeable but plays part in water and 

contaminant storage. The occurrence and movement of groundwater is 

largely controlled by the structural geology and lithological zones.   

 

• The secondary fractures represent the preferential flow paths for the 

groundwater flow and contaminant migration.  The Daarby Fault acts as a 

flow barrier and separates the groundwater flow system into northern and 

southern compartments.  Contaminants are released from the source areas 

and are restricted to the northern compartment. 

 

 

7.2 MODEL SET UP 

The model setup entails selecting the model domain, boundary conditions, 

initial values, model discretization, and preparing the model input data.   

 

• MODFLOW (PMWIN Pro), Version 7.1 (Chiang, 2005) was used to simulate 

groundwater flow.   
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• Based on the request of Grootegeluk Mine, a regional model was 

developed to incorporate an area of 1,290 km2 whereby the Grootegeluk 

Pit is at about the centre of the domain.  

 

• The model domain is defined by the following boundaries: 

• On the north by the Zoetfontein Fault; 

• On the northeast by the Mokolo River; 

• On the east, by the A42J andA42H catchment boundaries; 

• Along southeast, by the A42J and A42G catchment boundaries; and 

• The rest of the model boundary does not coincide with any significant 

geological or geographical features but is located south-east of the 

Limpopo River and north of the Waterberg Mountains. 

 

• A rectangular mesh was generated over the model domain, consisting of 

319 rows and 471 columns.  The mesh was refined in the vicinity of the 

Grootegeluk Mine and proposed Thaba Metsi Pit sites to cell sizes of 

65 x 65 m.  Cell dimensions of the outside part of the model domain are set 

at 400 x 400 m. 

 

• The shallow weathered aquifer (top of the model domain) is assigned as an 

unconfined layer.  The fractured aquifer and coal seam zones are 

simplified as being confined along fractures and bedding planes. 

 

 

7.3 STEADY STATE MODEL 

The pre-mining (pre 1980) baseline groundwater conditions were simulated 

using the steady state model and shows that: 

 

• The water level follows the topography and is approximately 28 mbgl in 

the Grootegeluk Mine.  The regional flow direction is from south 

(Waterberg Mountains) to the north-east (Mokolo River) and north-west 

(Limpopo River). 

 

• The groundwater water balance indicated that the sources of water were 

recharge (32%), inflow from the Mokolo River (7%) and regional inflow 

(61%) from adjacent aquifers, mainly from the south.  The loss of Mokolo 

River to the groundwater was expected to occur locally when the river 

head was above the groundwater level. 

 

• The water balance also indicated that the Mokolo River is mainly a gaining 

stream whereby 15% of the outflow joins the river as a baseflow.  The 

remaining 85% outflows to the adjacent aquifers, mainly on the north-west 

part and is finally expected to join the Limpopo River which is beyond the 

model domain. 

 

• Sensitivity analysis indicated that the model was most sensitive to the 

recharge, because it has been applied across the entire model domain.  
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Although the model was sensitive to the hydraulic conductivities of the 

various aquifer zones, it was less sensitive in comparison to the recharge.   

 

 

7.4 TRANSIENT STATE MODEL 

The historical (1980 – 2010) and future mining impacts on the groundwater 

level and quality was simulated with the transient model.   

 

• Due to the aquifer heterogeneity of the project area, the radius of influence 

is not expected to be uniform.  The dewatering cone is not expected to 

expand to the north due to the Daarby Fault being a flow barrier.  The 

main radius of influence is to the west due to the highly fractures Karoo 

aquifers and is estimated to be approximately 11 km. 

 

• Artificial recharge has resulted in groundwater mounding in the northern 

compartment, mainly the basalt aquifer.  This however is expected to be 

local and confined to the northern compartment due to the impermeable 

Daarby Fault.   

 

• The groundwater water balance indicated that at present the sources of 

water are regional inflow from adjacent aquifers (53%), natural recharge 

(26%), aquifer storage (11%), artificial recharge (6%), and inflow from the 

Mokolo River (4%). 

 

• Water is being removed from the system by regional groundwater 

outflow (63%), pit mine dewatering (23%), baseflow to the Mokolo River 

(10%), aquifer storage (4%), and groundwater abstraction (0.1%). 

 

• Most of the contaminant sources are located north of the Daarby Fault and 

therefore contaminant mass is not expected to be intercepted by the mine 

pit.  Although the Mokolo River is at a distance from the sources, if the 

contaminant plumes intersect fractures, they can migrate at a faster rate 

and potentially reach the Mokolo River. 

 

• The Mokolo River was the major receptor identified within the model 

domain.  No information was obtained on the number and distribution of 

private groundwater users and therefore the impact on the groundwater 

users was not conducted.   

 

 

7.5 SCENARIO MODELLING 

The groundwater impact due to the combined activities (Grootegeluk Pit, 

Thaba Metsi Pit and the backfill) was simulated and indicated that: 

 

• Due to the higher recharge rates and increased hydraulic properties of the 

backfill (transmissivity and storativity), the groundwater inflow into the 
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pits are expected to increase.  The estimated inflow will be approximately 

5,000 m3/d for the Grootegeluk Pit and 4,000 m3/d for the Thaba Metsi Pit. 

 

• The maximum cumulative dewatering cone and impact on the 

groundwater level is estimated to be reached in 2050 as result of 

operations in both pits.  Thereafter Thaba Metsi Pit is expected to be closed 

and partial groundwater levels recovery is expected. 

 

• The mean potential evaporation rate is more than three times the mean 

annual precipitation rate.  With the evaporation pond in place, a cone of 

depression will remain post closure with the groundwater flow direction 

towards the centre of the pit.  This will prevent any potential acid mine 

drainage from migrating away from the mine site.  Even if there is no final 

pit void for evaporation by assuming the pit to be completely backfilled, 

no surface decanting is expected and the water level will recover to pre-

mining level in approximately 250 years. 

 

• The potential contaminant plume from the Sintel Char Plant will be 

limited in extend and will be restricted within the plant footprint.  The 

local groundwater flow direction in the vicinity of the plant is from the 

southeast (current coal stockyard of the Grootegeluk Mine).  This could 

have an implication as seepage from the stockyard could migrate towards 

the plant. 
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8 RECOMMENDATIONS 

Based on limited intrusive program and available data, ERM produced a CSM 

and numerical model.  The confidence level of the modelling results can be 

increased by:  

 

• The estimated radius of influence of mine dewatering as well as inflow 

rates into the pits depend on the hydraulic properties of the porous and 

fractures aquifers.  The aquifer parameters applied are based on limited 

aquifer tests.  More aquifer test is required over a larger part of the model 

domain. 

 

• The majority of the monitoring boreholes are located within a 5 km radius 

from the pit centre and groundwater drawdown up to 40 m has been 

measured as far as 4.5 km from the pit centre.  This indicates that the 

radius of influence of mine dewatering potentially extend beyond the 

existing monitoring network.  It is recommended that monitoring network 

be extended beyond the 5 km pit radius, to accurately determine the 

radius of groundwater influence form the open pit and groundwater 

quality impacts.  By comparing the current water level with the pre-

mining water level, an accurate radius of influence in all directions of the 

pit can be obtained. 

 

• To estimate the contaminant mass potentially intercepted by the Mokolo 

River, it is recommended that the groundwater and Mokolo River 

interaction be studied and the fractures connecting the contaminant 

sources with the river be evaluated.  This can be achieved by installing a 

set of boreholes suitable for monitoring the concentration gradient 

towards the river.  The interaction between the groundwater and Mokolo 

River can be conducted by installing piezometers in the proximity of the 

river.  

 

• Detailed study on the number and distribution of private groundwater 

users in the vicinity of the mine has to be conducted in order to assess the 

impact of mining on the private users.   

 

• The estimated amount of sulphate mass release is based on mass transport 

modelling with limited information.  To improve the confidence level of 

results, it is recommended that an ABA analysis and geochemical 

modelling for all the potential sources identified is carried out. 

 

• The model is most sensitive to the recharge value, as relatively small 

changes in the recharge values affect the correlation between the observed 

and simulated water levels.  A recharge assessment in the project site is 

recommended to improve the model confidence level. 
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• An artificial recharge investigation is recommended to minimise the 

impact of the artificial recharge on the chemistry and mounding of the 

groundwater.  A sustained abstraction and monitoring network could 

prevent pollution, optimize reuse of process water and reduce external off-

take of clean water. 

 

• The chemical properties of backfill material are studied and sufficient data 

is available (Golder Associates, 2007).  The backfill hydraulic properties 

(recharge, transmissivity, and storativity values) are however not available 

and assumptions are made during this investigation.  To improve 

estimated influence of the backfill material on the pit inflow rates and 

mass transport, therefore these properties must be studied.   

 

• A large-scale numerical model is helpful in assessing the regional impact 

assessment.  For a detailed site specific investigation however, a small-

scale model is required.  The impact of the smaller-scale mine 

infrastructures, such as the Sintel Char, can be evaluated more accurately 

using such model. 

 

• Locally the groundwater flow direction in the vicinity of the Sintel Char 

plant is towards the northwest and contamination plumes from the 

current stockyard are expected to flow towards the plant.  Monitoring 

boreholes on the southwest and northeast of the plant are required to 

supervise the quality of the inflow and outflow from the plant, 

respectively.  
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 Information Reference Received from Date 

received 

Available Information 

1 Grootegeluk Geochemical 

and Geohydrological 

report, Golder and 

Associates, 2007. 

Nico 

Bezuidenhoudt, 

Golder & 

Associates 

09-Dec-08 Geochemical and Geotechnical data 

and interpretations of the different 

backfill materials. 

2 Grootegeluk model files, 

Golder and Associates, 

2007. 

Nico 

Bezuidenhoudt, 

Golder & 

Associates 

09-Dec-08 All PMWin input files and different 

scenarios modelled. 

3 Numerical groundwater 

modelling at Grootegeluk 

Coal Mine report, Gerhard 

Steenekamp, 2001. 

Vivienne, 

Synergistics & 

Leon Roux, 

Grootegeluk 

Mine 

19-Feb-09 All PMWin input files and scenarios 

modelled. 

4 Grootegeluk annual 

summarized water 

management reports, 

Cleanstream 2003 - 2008. 

Vivienne, 

Synergistics 

19-Feb-09 Water usage graphs, seepage water 

recovered, water balance flow 

diagram, graphs showing 

evaporation losses and water usage 

per ton of coal produced. 

5 Map information, *.dxf 

files 

Vivienne, 

Synergistics 

19-Feb-09 Mine infrastructure and Site layout 

6 Grootegeluk WISH1 file 

and WISH data file, Golder 

and Associates, 2007. 

Ian Hunt, 

Exxaro 

27-Feb-09 Monthly rainfall data, groundwater 

levels, groundwater quality, pump 

test data, borehole logs and 

groundwater abstraction data. 

7 Grootegeluk Groundwater 

model (updated), Leon 

Roux, 2002. 

Ian Hunt, 

Exxaro 

27-Feb-09 All PMWin input files and scenarios 

modelled, updated until 2005. 

8 Pump test data, *.xls files Leon Roux, 

Grootegeluk 

Mine 

04-Mar-09 Pump test data, water strike depth. 

9 Borehole abstraction rates, 

*.xls files 

Leon Roux, 

Grootegeluk 

Mine 

04-Mar-09 Borehole abstraction rates. 

10 Pit seepage data, *.xls files Leon Roux, 

Grootegeluk 

Mine 

04-Mar-09 Pit seepage. 

11 Borehole logs, *.xls files Leon Roux, 

Grootegeluk 

Mine 

04-Mar-09 Borehole geological logs. 

12 Groundwater and geology 

evaluation of the proposed 

Grootegeluk West 

Expansion Report, Leon 

Roux (Grootegeluk Mine), 

2008. 

Leon Roux, 

Grootegeluk 

Mine 

04-Mar-09 Geology on and surrounding the 

mine property, sound description of 

the geohydrological conceptual 

model in terms of water levels, 

groundwater flow, groundwater 

quality and aquifer characteristics. 

13 The hydrological cycle and 

groundwater presentation, 

Leon Roux (Grootegeluk 

Mine), 2004 

Leon Roux, 

Grootegeluk 

Mine 

04-Mar-09 Basic description of the geology and 

groundwater conceptual model. 

                                                      
 (1) 1 Water interpretation system for hydrogeologists 
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 Information Reference Received from Date 

received 

Available Information 

14 An overview of the 

geology and geohydrology 

of the ope-castable western 

extent of the Grootegeluk 

Coal mine between the 

Daarby and Eenzaamheid 

faults Report, Leon Roux 

(Grootegeluk Mine), 2004 

Leon Roux, 

Grootegeluk 

Mine 

04-Mar-09 Geology on and surrounding the 

mine property, sound description of 

the geohydrological conceptual 

model in terms of water levels, 

groundwater flow, groundwater 

quality and aquifer characteristics. 

15 Grootegeluk Numerical 

groundwater modelling at 

Grootegeluk Coal Mine, 

Leon Roux (Grootegeluk 

Mine), updated 2008. 

Leon Roux, 

Grootegeluk 

Mine & 

Vivienne, 

Synergistics 

04-Mar-09 All PMWin input files and scenarios 

modelled, updated until 2008. 

16 Map files incl. 

Topographical data *.xyz 

format, Mine plan, 

contours, infrastructure 

and borehole files in *.dxf 

format. 

Ian Hunt, 

Exxaro & Phillip 

Nel Grootegeluk 

Mine 

11-Mar-09 Topography, Mine infrastructure, 

site layout and borehole positions, 

latest update 5 March 2009. 

17 Bench 11 Floor elevation 

contour map *.pdf format 

Ian Hunt, 

Exxaro 

18-Mar-09 Bench 11 Floor contours. 

18 Grootegeluk Structural 

interpretaion map *.pdf 

format 

Ian Hunt, 

Exxaro 

18-Mar-09 Position of geological structures. 

19 Matimba EIA/EMPR2 

Scoping study - Water 

resources section, 

Bohlweki, 2005. 

Vivienne, 

Synergistics 

24-Mar-09 Groundwater baseline information 

surrounding Matimba project area. 

20 Surface Water Monitoring 

data, *.xls files 

Filomaine, 

Grootegeluk 

Mine 

24-Mar-09 Surface water quality and 

monitoring point coordinates. 

21 Newly interpreted dykes 

and faults, *.dxf files 

Phuti 

Mahanyele, 

Grootegeluk 

Mine 

03-Apr-09 Updated interpretations of the 

structural features in the study area. 

22 A Hydrogeological 

investigation for 

Grootegeluk Mine MSc 

Thesis, by Andrew 

Johnstone, 1989.  

Ian Hunt, 

Exxaro 

21-Apr-09 Description of geology, 

geohydrology, historical chemistry 

analysis, Borehole logs, Pump test 

data and interpretations, historical 

monthly rainfall data and borehole 

levels. 

23 Lephalale, DWAF3 water 

provisioning investigation, 

May 2009. 

Sonia Veltman, 

Veltwater - 

authorised 

Fanus Fourie 

DWAF 

01-Jun-09 Borehole logs, pump test data, 

groundwater reserve for the DWAF 

quaternary catchment,  Aerial photo 

with interpreted lineaments 

24 Groundwater Reserve 

Determination Study for 

Mokolo (A42) Catchment, 

Water Geosciences 

Consulting, February 2009. 

Sonia Veltman 

Veltwater - 

authorised 

Fanus Fourie 

DWAF 

01-Jun-09 The A 42 Catchment and surface 

water groundwater interaction 

information. 

                                                      
 (2) 2 EIA/EMPR – Environmental Impact Assessment/Environmental Management Programme 

 (3) 3 DWAF – Department of Water Affairs & Forestry 
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 Information Reference Received from Date 

received 

Available Information 

25 IWULA4, Grootegeluk 

Coal (Char Plant), 

Cleanstream 

Environmental consultants 

cc, 2008. 

Vivienne Voster, 

Synergistics 

23-Nov-09 IWULA and IWWMP5 information. 

26 Scoping level assessment 

of how water quality and 

quantity will be affected by 

mining method and 

mining of the Waterberg 

coal reserves.  WRC6 

progress report, August 

2009 

Sonia Veltman, 

Veltwater 

14-Jan-10 ABA for Larger area, General 

geology and geohydrology 

description of the larger area.  

 

                                                      
 (4) 4 IWULA – Integrated Water Use License Application 

 (5) 5 IWWMP – Integrated Water and Waste Management Plan 

 (6) 6 WRC – Water Research Commission 
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1. Terms Of Reference

A detailed geophysical survey was carried out for ERM in April 2010 at the
GROOTGELUK MINE in Lephalale. In total, ERM requesting for four
traverses of direct current resistivity profiling using the 10m electrode
spacing. This report documents the data acquired at during the survey.

2. Objectives

The primary objective of this geophysical survey was to image the
subsurface resistivity / conductivity in order to investigate the geological
structure of the area and to identify possible fault zones.

3. Survey Methods and Instrumentation

For this survey, the ABEM “LUND” resistivity imaging system was used.
The system measures bulk resistivity from the surface as apparent
resistivity vs a geometric factor (dc resistivity) which is then converted to
true resistivity vs depth during the interpretation process.  A description of
the resistivity method - as condensed from the article “ Electrical Imaging
surveys for environmental and engineering studies” by Dr. M.H. Loke is
provided in sections 3.1 and 3.2 below.

Traditional Resistivity Surveys

The resistivity method has its origins in the 1920's due to the work of the
Schlumberger brothers. For this method, the center point of a 4 electrode
array remains fixed but the spacing between the electrodes are increased
to obtain deeper information of the subsurface.

Figure 1. Conventional  electrode array to measure subsurface resistivity.

For traditional resistivity profiling surveys, the electrode spacing was kept
constant and the whole array was moved along a traverse.  This provides
some information about lateral changes in resistivity but it cannot detect
vertical variation in resistivity.  Interpretation of data from such surveys is
mainly qualitative.  The most severe limitation of the resistivity sounding
method is that lateral changes in the subsurface resistivity are commonly
found.  These lateral changes will cause changes in the apparent resistivity
values that might be, and frequently are, misinterpreted as changes with
depth in the subsurface resistivity. In many engineering and
environmental studies, the subsurface geology is very complex where the
resistivity can change rapidly over short distances. The resistivity sounding
method might not be sufficiently accurate for such situations.  Resistivity
surveys give a picture of the subsurface resistivity distribution. To convert
the resistivity picture into a geological picture, some knowledge of typical
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resistivity values for different types of subsurface materials and the
geology of the area surveyed is important.  The resistivity of these rocks is
greatly dependent on the degree of fracturing, and the percentage of the
fractures filled with ground water. Sedimentary rocks, which usually are
more porous and have a higher water content, normally have lower
resistivity values. Wet soils and fresh ground water have even lower
resistivity values. Clayey soil normally has a lower resistivity value than
sandy soil. However, note the overlap in the resistivity values of the
different classes of rocks and soils. This is because the resistivity of a
particular rock or soil sample depends on a number of factors such as the
porosity, the degree of water saturation and the concentration of dissolved
salts. The resistivity of ground water varies from 10 to 100 ohm-m.
Depending on the concentration of dissolved salts. Note the low resistivity
(about 0.2 ohm-m) of seawater due to the relatively high salt content.
This makes the resistivity method an ideal technique for mapping the
saline and fresh water interface in coastal areas.  Resistivity values have a
much larger range compared to other physical quantities mapped by other
geophysical methods. The resistivity of rocks and soils in a survey area
can vary by several orders of magnitude. In comparison, density values
used by gravity surveys usually change by less than a factor of 2, and
seismic velocities usually do not change by more than a factor of 10 This
makes the resistivity and other electrical or electromagnetic based
methods very versatile geophysical techniques.

Table 1. Resistivity of some common rocks

Material Resistivity (Ohm-m)

Granite 5000 - 1 000 000

Basalt 1000 - 1 000 000

Slate 600 - 40 000 000

Quartzite 100 - 200 000 000

Sandstone 8 - 4000

Shale 20 - 2000

Limestone 50 - 400

Clay 1 - 100

Alluvium 10 - 800

Groundwater (fresh) 10 - 100

Sea water 0.2
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3.1 2-D electrical imaging surveys

Introduction
The greatest limitation of the resistivity sounding method is that it does
not take into account horizontal changes in the subsurface resistivity. A
more accurate model of the subsurface is a two-dimensional (2-D) model
where the resistivity changes in the vertical direction, as well as in the
horizontal direction along the survey line. In this case, it is assumed that
resistivity does not change in the direction that is perpendicular to the
survey line. In many situations, particularly for surveys over elongated
geological bodies, this is a reasonable assumption.

At the present time, 2-D surveys are the most practical economic
compromise between obtaining very accurate results and keeping the
survey costs down. Typical 1-D resistivity sounding surveys usually involve
about 10 to 20 readings, while 2-D imaging surveys involve about 100 to
1000 measurements. The cost of a typical 2-D survey could be several
times the cost of a 1-D sounding survey, and is probably comparable with
a seismic survey. In many geological situations, 2-D electrical imaging
surveys can give useful results that are complementary to the information
obtained by other geophysical method. For example, seismic methods can
map undulating interfaces well, but will have difficulty (without using
advanced data processing techniques) in mapping discrete bodies such as
boulders, cavities and pollution plumes. Ground radar surveys can provide
more detailed pictures but have very limited depth penetration in areas
with conductive unconsolidated sediments, such as clayey soils.

Field Survey method and Instrumentation

One of the new developments in recent years is the use of 2-D electrical
imaging/tomography surveys to map areas with moderately complex
geology (Griffiths and Barker 1993). Such surveys are usually carried out
using a large number of electrodes, 25 or more, connected to a multi-core
cable. A laptop microcomputer together with an electronic switching unit is
used to automatically select the relevant four electrodes for each
measurement. At present, field techniques and equipment to carry out 2-D
resistivity surveys are fairly well developed. Normally a constant spacing
between adjacent electrodes is used. The multi-core cable is attached to
an electronic switching unit, which is connected to a laptop computer. The
sequence of measurements to take, the type of array to use and other
survey parameters (such the current to use) is normally entered into a
text file which can be read by a computer program in a laptop computer.
After reading the control file, the computer program then automatically
selects the appropriate electrodes for each measurement. In a typical
survey, most of the fieldwork is in laying out the cable and electrodes.
After that, the measurements are taken automatically and stored in the
computer. Most of the survey time is spent waiting for the resistivity meter
to complete the set of measurements.

To obtain a good 2-D picture of the subsurface, the coverage of the
measurements must be 2-D as well. As an example, Figure 1. shows a
possible sequence of measurements for the Wenner electrode array for a
system with 20 electrodes. In this example, the spacing between adjacent
electrodes is “a”. The first step is to make all the possible measurements
with the Wenner array with an electrode spacing of “1a”. For the first
measurement, electrodes number 1, 2, 3 and 4 are used.  Notice that
electrode 1 is used as the first current electrode C1, electrode 2 as the
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first potential electrode P1, electrode 3 as the second potential electrode
P2 and electrode 4 as the second current electrode C2. For the second
measurement, electrodes number 2, 3, 4 and 5 are used for C1, P1, P2
and C2 respectively. This is repeated down the line of electrodes until
electrodes 17, 18, 19 and 20 are used for the last measurement with “1a”
spacing. For a system with 20 electrodes, note that there are 17 (20 - 3)
possible measurements with “1a” spacing for the Wenner array.  After
completing the sequence of measurements with “1a” spacing, the next
sequence of measurements with “2a” electrode spacing is made. First
electrodes 1, 3, 5 and 7 are used for the first measurement. The
electrodes are chosen so that the spacing between adjacent electrodes is
“2a”. For the second measurement, electrodes 2, 4, 6 and 8 are used.
This process is repeated down the line until electrodes 14, 16, 18 and 20
are used for the last measurement with spacing “2a”. For a system with
20 electrodes, note that there are 14 (20 - 2x3) possible measurements
with “2a” spacing.

The same process is repeated for measurements with “3a”, “4a”, “5a”
and “6a” spacings. To get the best results, the measurements in a field
survey should be carried out in a systematic manner so that, as far as
possible, all the possible measurements are made. This will affect the
quality of the interpretation model obtained from the inversion of the
apparent resistivity measurements (Dahlin and Loke 1998).

Figure 2. Arrangement of electrodes for a 2-D survey

Note that as the electrode spacing increases, the number of
measurements decreases.  The number of measurements that can be
obtained for each electrode spacing, for a given number of electrodes
along the survey line, depends on the type of array used.
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4. Field Survey and Results

The Locality map and resistivity images are presented in Appendix A to
this report. An additional MapSource file with all relevant coordinates is
also attached.

The survey data were acquired along 4 traverses. Field measurements
were completed in April 2010, using the Schlumberger array. The
resistivity data were processed using the RES-2DINV software package
from GEOTOMO Inc.  The processing sequence consisted of converting
the LUND data files into an appropriate format, de-spiking of the raw data
and finally inverting the data using appropriate inversion parameters.

Riaan Bezuidenhout
Geotechnologist
Pretoria
July 2010
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Appendix A
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All the sites, except site 1a, are marked in the field.

Site 1 should intersect the fault at approximately 60m.
Site 1a should be marked as an alternative.

Site 2 is deeper weathering in the fault zone
and should be drilled to at least 80m.

Site 3 is a very low priority and shouldn't be drilled.
Site 3a is between the farmers' gate and the tar road,
if possible it should be drilled to 80m, and the fault
intersected between 40m and 60m.

Site 4 should be moved 15m north,
from station 350m to station 365m
and is sited in the centre of the fault zone.
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ERM Southern Africa (Pty) Ltd PROJECT: Grootegeluk Groundwater Model BH No.: WBR 44

Building 23, The Woodlands CLIENT: Exxaro ALTERNATIVE No.: ERM 01
Woodmead LOCATION: Grootegeluk Mine - Ellisras X-COORDINATE: 613872.453
Sandton CONTRACTOR: Ellisras Drilling Y-COORDINATE: -49186.003
2052 LOGGED BY: P. Boshoff Z-COORDINATE: 906.028
Republic of South Africa NEARBY OTHER BH: FINAL DEPTH: 80 m bgl
Tel:  +27 (0) 11 802 8263  NEARBY RIVER: na FINAL BLOW OUT YIELD: 0.377 L/s
Fax: +27 (0) 11 802 8299 OBSERVATION BH: DATE COMPLETED: 2010/05/18

DATE WATER LEVEL MEASURED: 2010/06/13

Hole CONSTRUCTION WATER STRIKES SWL LITHOLOGY DESCRIPTION

DRILLING (Blow Yield)

Stand Pipe = 0.25 m

 
0 Surface 0

Ecca Formation Pinkish to Rose, weathered Mudstone
Rooi Lae

Solid Steel Casing = 6½ inch (165 mm) diameter
(Rddish brown to dark purple)

10 10

 

20 20

30 30

        32.23 m bgl Middle Ecca Formation Pale white, Sandstone

35.4 m bgl
(0.377 L/s)

(Fe rich oxidation)
40 40

50 End of Hole 50

60 Ecca Formation Reddish brown to dark purple, Mudstone 60

Rooi lae

70 70

80 80

PERCUSSION BOREHOLE LOG



ERM Southern Africa (Pty) Ltd PROJECT: Grootegeluk Groundwater Model BH No.: WBR 45

Building 23, The Woodlands CLIENT: Exxaro ALTERNATIVE No.: ERM 02

Woodmead LOCATION: Grootegeluk Mine - Ellisras X-COORDINATE: 614159.811

Sandton CONTRACTOR: Ellisras Drilling Y-COORDINATE: -50944.132

2052 LOGGED BY: P. Boshoff Z-COORDINATE: 906.028

Republic of South Africa NEARBY OTHER BH: FINAL DEPTH: 80 m bgl

Tel:  +27 (0) 11 802 8263  NEARBY RIVER: na FINAL BLOW OUT YIELD: 8 L/s

Fax: +27 (0) 11 802 8299 OBSERVATION BH: DATE COMPLETED: 5/19/2010

DATE WATER LEVEL MEASURED: 6/13/2010

Hole CONSTRUCTION WATER STRIKES SWL LITHOLOGY DESCRIPTION

DRILLING (Blow Yield)

Stand Pipe = 0.25 m

 

0 Surface 0

Ecca Formation Reddish brow to brown, highly weathered Diabase sill

Solid Steel Casing = 6½ inch (165 mm) diameter

10 10

 

20 20

(brown to grey)

30 30

35.4 m bgl

(0.377 L/s)          35 m bgl

40 40

         41 m bgl

Blue to grey Diabase sill (fine christaline)

50 50

60 60

         63 m bgl HollKrans Pale white, Sandstone (Fe rich 71 - 73 m bgl)

70 70

80 End of Hole 80

PERCUSSION BOREHOLE LOG



ERM Southern Africa (Pty) Ltd PROJECT: Grootegeluk Groundwater Model BH No.: WBR 46

Building 23, The Woodlands CLIENT: Exxaro ALTERNATIVE No.: ERM 03
Woodmead LOCATION: Grootegeluk Mine - Ellisras X-COORDINATE: 622890.39
Sandton CONTRACTOR: Ellisras Drilling Y-COORDINATE: -50706.753
2052 LOGGED BY: P. Boshoff Z-COORDINATE: 912.727
Republic of South Africa NEARBY OTHER BH: FINAL DEPTH: 80 m bgl
Tel:  +27 (0) 11 802 8263  NEARBY RIVER: na FINAL BLOW OUT YIELD: Seepage
Fax: +27 (0) 11 802 8299 OBSERVATION BH: DATE COMPLETED: 2010/05/21

DATE WATER LEVEL MEASURED: 2010/06/22

Hole CONSTRUCTION WATER STRIKES SWL LITHOLOGY DESCRIPTION

DRILLING (Blow Yield)

Stand Pipe = 0.25 m

 
0 Surface 0

Pale grey to choclate brown Siltstone, 
Fe rich fracture / joint contacts

Solid Steel Casing = 6½ inch (165 mm) diameter

10 10

 

20 20

Highly weathered Sandstone

Black to grey Diabase sill
(fine christaline)

30 30

37 m bgl
Seepage

    
40            40.90 m bgl 40

Pale white Sandstone
Fe rich oxidationFe rich oxidation

50 End of Hole 50

60 60

70 70

80 80

PERCUSSION BOREHOLE LOG



ERM Southern Africa (Pty) Ltd PROJECT: Grootegeluk Groundwater Model BH No.: WBR 47

Building 23, The Woodlands CLIENT: Exxaro ALTERNATIVE No.: ERM 04
Woodmead LOCATION: Grootegeluk Mine - Ellisras X-COORDINATE: 623230.9
Sandton CONTRACTOR: Ellisras Drilling Y-COORDINATE: -49853.692
2052 LOGGED BY: P. Boshoff Z-COORDINATE: 913.417
Republic of South Africa NEARBY OTHER BH: FINAL DEPTH: 80 m bgl
Tel:  +27 (0) 11 802 8263  NEARBY RIVER: na FINAL BLOW OUT YIELD: Seepage
Fax: +27 (0) 11 802 8299 OBSERVATION BH: DATE COMPLETED: 2010/05/24

DATE WATER LEVEL MEASURED: 2010/06/22

Hole CONSTRUCTION WATER STRIKES SWL LITHOLOGY DESCRIPTION

DRILLING (Blow Yield)

Stand Pipe = 0.25 m

 
0 Surface 0

Pale grey to choclate brown Siltstone, 
Fe rich fracture / joint contacts

Solid Steel Casing = 6½ inch (165 mm) diameter

10 10

Reddish brown Mudstone (fine grained)

20 20

30 30

Highly weathered Sandstone

40 Black to grey Diabase sill 40

           42.71 m bgl (fine christaline)

50 End of Hole 50

Pale white Sandstone
Fe rich oxidation

60 60

70 70

80 80

PERCUSSION BOREHOLE LOG



ERM Southern Africa (Pty) Ltd PROJECT: Grootegeluk Groundwater Model BH No.: WBR 48

Building 23, The Woodlands CLIENT: Exxaro ALTERNATIVE No.: ERM 05
Woodmead LOCATION: Grootegeluk Mine - Ellisras X-COORDINATE: 613879.05
Sandton CONTRACTOR: Ellisras Drilling Y-COORDINATE: -49145.481
2052 LOGGED BY: P. Boshoff Z-COORDINATE: 905.821
Republic of South Africa NEARBY OTHER BH: FINAL DEPTH: 80 m bgl
Tel:  +27 (0) 11 802 8263  NEARBY RIVER: na FINAL BLOW OUT YIELD: 0.4 L/s
Fax: +27 (0) 11 802 8299 OBSERVATION BH: DATE COMPLETED: 2010/05/25

DATE WATER LEVEL MEASURED: 2010/06/22

Hole CONSTRUCTION WATER STRIKES SWL LITHOLOGY DESCRIPTION

DRILLING (Blow Yield)

Stand Pipe = 0.25 m

 
0 Surface 0

Ecca Formation Pinkish to Rose, weathered Mudstone
Rooi Lae

Solid Steel Casing = 6½ inch (165 mm) diameter
(Rddish brown to dark purple)

10 10

Middle Ecca Formation Pale white, Sandstone

18 m bgl
(0.4 L/s)

20 20

(Fe rich oxidation)

30 30

Ecca Formation Reddish brown to dark purple, Mudstone
Rooi lae

          37.69 m bgl

40 40

50 End of Hole 50

60 60

70 70

Coal

80 80

PERCUSSION BOREHOLE LOG
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Static W/L -38.47 m bgl

Recovery

Time [min] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Time [s] Recovery [m] WL rec [m bgl]

1 -1.6 -40.07 -18.28 -56.75 -31.99 -70.46 1 -32.65 -71.12

2 -1.96 -40.43 -20.41 -58.88 -32.47 -70.94 2 -27.65 -66.12

3 -2.46 -40.93 -21.8 -60.27 -32.91 -71.38 3 0 -38.47

5 -2.6 -41.07 -22.94 -61.41 -33.5 -71.97 5 -19.49 -57.96

7 -2.64 -41.11 -23.83 -62.3 -34 -72.47 7 -17.26 -55.73

10 -2.67 -41.14 -24.42 -62.89 -34.34 -72.81 10 -13.13 -51.6

15 -2.94 -41.41 -25.15 -63.62 -38.73 -77.2 15 -9.58 -48.05

20 -3.5 -41.97 -26.2 -64.67 -47.78 -86.25 20 -3.56 -42.03

30 -6.85 -45.32 -28.04 -66.51 -54.64 -93.11 30 -1.1 -39.57

40 -10.05 -48.52 -29.18 -67.65 -54.64 -93.11 40 -0.28 -38.75

50 -13.6 -52.07 -29.96 -68.43 50 -0.2 -38.67

60 -14.35 -52.82 -31.68 -70.15 60 -0.18 -38.65

70 -0.17 -38.64

80 -0.16 -38.63

90 -0.15 -38.62

100 -0.13 -38.6

110 -0.11 -38.58

120 -0.1 -38.57

150 -0.1 -38.57

WL at start of test -40.42 m bgl

Time [s] Drawdown [m] WL [m bgl] Recovery [m] WL rec [m bgl]

1 -1.6 -42.02 -5.1 -45.52

2 -2.02 -42.44 -4.69 -45.11

3 -2.11 -42.53 -3.9 -44.32

5 -2.2 -42.62 -3.01 -43.43

7 -2.89 -43.31 -2.95 -43.37

10 -2.07 -42.49 -2.83 -43.25

15 -3.11 -43.53 -2.59 -43.01

20 -4.03 -44.45 -2.35 -42.77

30 -2.91 -43.33 -2.23 -42.65

40 -3.08 -43.5 -2.1 -42.52

60 -3.94 -44.36 -2.83 -43.25

90 -4.89 -45.31 -1.94 -42.36

120 -6.89 -47.31 -1.81 -42.23

150 -8.34 -48.76 -1.7 -42.12

180 -8.85 -49.27 -1.63 -42.05

210 -9.15 -49.57 -1.55 -41.97

240 -9.25 -49.67 -1.5 -41.92

300 -9.46 -49.88 -1.4 -41.82 Not Applicable 

360 -9.52 -49.94 -1.32 -41.74

420 -9.88 -50.3 -1.24 -41.66

480 -10.35 -50.77 -1.21 -41.63

540 -10.55 -50.97 -1.15 -41.57

600 -10.79 -51.21 -1.11 -41.53

720 -11.41 -51.83 -1.04 -41.46

Drawdown Test Recovery Test

Drawdown vs Time Grapth

Sustainable Summary

CONSTANT DISCHARGE - 0.15l/s

Borehole JY2 Pumping Test Summary

Step 1- 0.24l/s Step 3- 0.65l/sStep 2- 0.45/s Step 4

STEP DRAWDOWN

ERM Southern Africa (Pty) Ltd

Building 23, The Woodlands 

Woodmead

Sandton

2052

Republic of South Africa

Drawdown vs Time : Borehole JY 2

0

2

4

6

8

10

12

0
.1

1
0

0
.1

2
0

0
.1

3
0

0
.1

4
0

0
.1

5
0

0
.1

6
0

0
.1

7
0

0
.1

8
0

0
.1

Time [m]

D
ra

w
d

o
w

n
 [

m
]

Constant Discharge @ 0.15 L/s Recovery



Static W/L -78.45 m bgl

Recovery

Time [min] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Time [s] Recovery [m] WL rec [m bgl]

1 -1.4 -79.85 -4.58 -83.03 -5.48 -83.93 -7.07 -85.52 1 -32.65 -111.1

2 -2.94 -81.39 -4.61 -83.06 -5.53 -83.98 -7.24 -85.69 2 -27.65 -106.1

3 -2.25 -80.7 -4.64 -83.09 -5.55 -84 -7.61 -86.06 3 0 -78.45

5 -3.54 -81.99 -4.93 -83.38 -5.72 -84.17 -8.37 -86.82 5 -19.49 -97.94

7 -3.71 -82.16 -5.04 -83.49 -5.92 -84.37 -9.7 -88.15 7 -17.26 -95.71

10 -3.86 -82.31 -5.1 -83.55 -6.29 -84.74 -10.29 -88.74 10 -13.13 -91.58

15 -4.01 -82.46 -5.12 -83.57 -6.43 -84.88 -10.93 -89.38 15 -9.58 -88.03

20 -4.15 -82.6 -5.12 -83.57 -6.46 -84.91 -11.12 -89.57 20 -3.56 -82.01

30 -4.42 -82.87 -5.12 -83.57 -6.48 -84.93 -11.47 -89.92 30 -1.1 -79.55

40 -4.5 -82.95 -5.29 -83.74 -6.53 -84.98 -11.65 -90.1 40 -0.28 -78.73

50 -4.51 -82.96 -5.32 -83.77 -6.55 -85 -11.9 -90.35 50 -0.2 -78.65

60 -4.53 -82.98 -5.32 -83.77 -6.59 -85.04 -11.95 -90.4 60 -0.18 -78.63

70 -0.17 -78.62

80 -0.16 -78.61

90 -0.15 -78.6

100 -0.13 -78.58

110 -0.11 -78.56

120 -0.1 -78.55

150 -0.1 -78.55

WL at start of test -78.88 m bgl

Time [s] Drawdown [m] WL [m bgl] Recovery [m] WL rec [m bgl]

1 -1.7 -80.58 -4.01 -82.89

2 -2.44 -81.32 -3.21 -82.09

3 -3.19 -82.07 -2.44 -81.32

5 -3.86 -82.74 -2.21 -81.09

7 -4.15 -83.03 -1.44 -80.32

10 -4.33 -83.21 -1.31 -80.19

15 -4.49 -83.37 -1.19 -80.07

20 -4.57 -83.45 -1.09 -79.97

30 -4.68 -83.56 -1.01 -79.89

40 -4.73 -83.61 -0.96 -79.84

60 -4.75 -83.63 -0.89 -79.77

90 -4.2 -83.08 -0.83 -79.71

120 -4.96 -83.84 -0.7 -79.58

150 -5.07 -83.95 -0.68 -79.56

180 -5.16 -84.04 -0.66 -79.54

210 -5.2 -84.08 -0.62 -79.5

240 -5.31 -84.19 -0.65 -79.53

300 -5.34 -84.22 -0.62 -79.5 Not Applicable 

360 -5.47 -84.35 -0.59 -79.47

420 -5.65 -84.53 -0.57 -79.45

480 -5.71 -84.59 -0.51 -79.39

540 -5.77 -84.65 -0.49 -79.37

600 -5.89 -84.77 -0.47 -79.35

720 -5.96 -84.84 -0.45 -79.33

Drawdown Test Recovery Test

Drawdown vs Time Grapth

Sustainable Summary

CONSTANT DISCHARGE - 0..78l/s

Borehole VP5 Pumping Test Summary

Step 1- 0.2l/s Step 3- 0.6l/sStep 2- 0.4/s Step 4 - 1.0l/s

STEP DRAWDOWN

ERM Southern Africa (Pty) Ltd

Building 23, The Woodlands 

Woodmead

Sandton

2052

Republic of South Africa

Drawdown vs Time : Borehole VP 5
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Static W/L -59.78 m bgl

Recovery

Time [min] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Time [s] Recovery [m] WL rec [m bgl]

1 -0.49 -60.27 -6.2 -65.98 -11.99 -71.77 -23.71 -83.49 1 -32.65 -92.43

2 -0.61 -60.39 -6.33 -66.11 -12.21 -71.99 -24.7 -84.48 2 -27.65 -87.43

3 -1.24 -61.02 -6.67 -66.45 -13.36 -73.14 -25.5 -85.28 3 0 -59.78

5 -2.08 -61.86 -7.82 -67.6 -15.44 -75.22 -26.55 -86.33 5 -19.49 -79.27

7 -2.95 -62.73 -8.52 -68.3 -16.9 -76.68 -27.63 -87.41 7 -17.26 -77.04

10 -3.6 -63.38 -9.44 -69.22 -18.1 -77.88 -28.55 -88.33 10 -13.13 -72.91

15 -4.87 -64.65 -10.14 -69.92 -19.24 -79.02 -29.73 -89.51 15 -9.58 -69.36

20 -5.4 -65.18 -10.45 -70.23 -20.67 -80.45 -30.33 -90.11 20 -3.56 -63.34

30 -5.78 -65.56 -10.7 -70.48 -21.77 -81.55 -31.02 -90.8 30 -1.1 -60.88

40 -5.98 -65.76 -10.87 -70.65 -22.28 -82.06 -31.43 -91.21 40 -0.28 -60.06

50 -6.05 -65.83 -11.18 -70.96 -22.66 -82.44 -31.69 -91.47 50 -0.2 -59.98

60 -6.08 -65.86 -11.77 -71.55 -23.01 -82.79 -31.94 -91.72 60 -0.18 -59.96

70 -0.17 -59.95

80 -0.16 -59.94

90 -0.15 -59.93

100 -0.13 -59.91

110 -0.11 -59.89

120 -0.1 -59.88

150 -0.1 -59.88

WL at start of test -60.31 m bgl

Time [s] Drawdown [m] WL [m bgl] Recovery [m] WL rec [m bgl]

1 -1.78 -62.09 -19.6 -79.91

2 -6.07 -66.38 -17.14 -77.45

3 -11.51 -71.82 -14.39 -74.7

5 -13.3 -73.61 -10.33 -70.64

7 -13.98 -74.29 -7.94 -68.25

10 -15.16 -75.47 -5.92 -66.23

15 -16.92 -77.23 -4.6 -64.91

20 -17.61 -77.92 -3.73 -64.04

30 -18.53 -78.84 -3.2 -63.51

40 -18.78 -79.09 -3.03 -63.34

60 -20.53 -80.84 -2.88 -63.19

90 -20.91 -81.22 -2.71 -63.02

120 -21.23 -81.54 -2.56 -62.87

150 -21.43 -81.74 -2.39 -62.7

180 -21.65 -81.96 -2.23 -62.54

210 -21.82 -82.13 -2.08 -62.39

240 -21.93 -82.24 -1.9 -62.21

300 -22.31 -82.62 -1.74 -62.05 Not Applicable 

360 -22.73 -83.04 -1.58 -61.89

420 -22.98 -83.29 -1.4 -61.71

480 -23.19 -83.5 -1.26 -61.57

540 -23.48 -83.79 -1.16 -61.47

600 -23.82 -84.13 -1.09 -61.4

720 -27.06 -87.37 -0.95 -61.26

Drawdown Test Recovery Test

Drawdown vs Time Grapth

Sustainable Summary

CONSTANT DISCHARGE - 0..78l/s

Borehole VP7 Pumping Test Summary

Step 1- 0.2l/s Step 3- 0.6l/sStep 2- 0.4/s Step 4 - 1.0l/s

STEP DRAWDOWN

ERM Southern Africa (Pty) Ltd

Building 23, The Woodlands 

Woodmead

Sandton

2052

Republic of South Africa

Drawdown vs Time : Borehole VP 7
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Static W/L -11.2 m bgl

Recovery

Time [min] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Time [s] Recovery [m] WL rec [m bgl]

1 -0.86 -12.06 -11.4 -22.6 -40.94 -52.14 1 -32.65 -43.85

2 -1.54 -12.74 -14.6 -25.8 -49.42 -60.62 2 -27.65 -38.85

3 -2.1 -13.3 -14.94 -26.14 -54.81 -66.01 3 0 -11.2

5 -2.41 -13.61 -16.41 -27.61 -59.65 -70.85 5 -19.49 -30.69

7 -2.53 -13.73 -22.3 -33.5 -62.7 -73.9 7 -17.26 -28.46

10 -2.66 -13.86 -24.82 -36.02 -62.7 -73.9 10 -13.13 -24.33

15 -3.36 -14.56 -28.51 -39.71 -62.7 -73.9 15 -9.58 -20.78

20 -6.45 -17.65 -30.29 -41.49 -62.7 -73.9 20 -3.56 -14.76

30 -9.23 -20.43 -31 -42.2 -11.2 30 -1.1 -12.3

40 -9.27 -20.47 -31.76 -42.96 -11.2 40 -0.28 -11.48

50 -9.35 -20.55 -32.52 -43.72 -11.2 50 -0.2 -11.4

60 -9.38 -20.58 -33.08 -44.28 -11.2 60 -0.18 -11.38

70 -0.17 -11.37

80 -0.16 -11.36

90 -0.15 -11.35

100 -0.13 -11.33

110 -0.11 -11.31

120 -0.1 -11.3

150 -0.1 -11.3

WL at start of test -11.2 m bgl

Time [s] Drawdown [m] WL [m bgl] Recovery [m] WL rec [m bgl]

1 -5.6 -16.8 -33.75 -44.95

2 -8.24 -19.44 -27.68 -38.88

3 -13.28 -24.48 -24.39 -35.59

5 -15.3 -26.5 -19.31 -30.51

7 -19.2 -30.4 -14.76 -25.96

10 -24.65 -35.85 -8.33 -19.53

15 -34.28 -45.48 -4.32 -15.52

20 -42.23 -53.43 -2.95 -14.15

30 -49.08 -60.28 -2.34 -13.54

40 -52.52 -63.72 -2.05 -13.25

60 -56.95 -68.15

90 -57.83 -69.03

120 -58.24 -69.44

150 -58.68 -69.88

180 -58.96 -70.16

210 -59.3 -70.5

240 -59.56 -70.76

300 -59.33 -70.53 Not Applicable 

360 -59.49 -70.69

420 -59.61 -70.81

480 -59.4 -70.6

540 -59.39 -70.59

600 -59.42 -70.62

720 -59.43 -70.63

Drawdown Test Recovery Test

Drawdown vs Time Grapth

Sustainable Summary

CONSTANT DISCHARGE - 6.01l/s

Borehole WBR25 Pumping Test Summary

Step 1- 3.09l/s Step 3- 9.12l/sStep 2- 6.06l/s Step 4 - 

STEP DRAWDOWN

ERM Southern Africa (Pty) Ltd
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Static W/L -32.98 m bgl

Recovery

Time [min] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Time [s] Recovery [m] WL rec [m bgl]

1 -1.13 -34.11 -4.79 -37.77 -12.68 -45.66 1

2 -1.7 -34.68 -5 -37.98 -13.04 -46.02 2

3 -1.92 -34.9 -5.43 -38.41 -13.42 -46.4 3

5 -2.33 -35.31 -6.16 -39.14 -14.96 -47.94 5

7 -2.66 -35.64 -7.3 -40.28 -15.89 -48.87 7

10 -2.88 -35.86 -7.95 -40.93 -17.34 -50.32 10

15 -3.52 -36.5 -9.52 -42.5 -19.6 -52.58 15

20 -3.69 -36.67 -10.29 -43.27 -21.05 -54.03 20

30 -4.18 -37.16 -11.25 -44.23 -26.17 -59.15 30

40 -4.34 -37.32 -11.86 -44.84 -27.9 -60.88 40

50 -4.52 -37.5 -12.25 -45.23 -34.68 -67.66 50

60 -4.61 -37.59 -12.48 -45.46 -34.68 -67.66 60

70

80

90

100

110

120

150

WL at start of test -32.98 m bgl

Time [s] Drawdown [m] WL [m bgl] Recovery [m] WL rec [m bgl]

1 -1.3 -34.28 -13.42 -46.4

2 -2 -34.98 -12.93 -45.91

3 -2.6 -35.58 -11.94 -44.92

5 -3.53 -36.51 -10.06 -43.04

7 -4.74 -37.72 -8.24 -41.22

10 -6.05 -39.03 -5.89 -38.87

15 -7.98 -40.96 -3.76 -36.74

20 -9.36 -42.34 -2.78 -35.76

30 -11 -43.98 -1.6 -34.58

40 -12.04 -45.02 -1.19 -34.17

60 -12.67 -45.65 -0.83 -33.81

90 -13.24 -46.22 0 -32.98

120 -13.84 -46.82 0 -32.98

150 -13.99 -46.97 0 -32.98

180 -14.21 -47.19 0 -32.98

210 -14.42 -47.4 0 -32.98

240 -14.63 -47.61 0 -32.98

300 -14.72 -47.7 0 -32.98 Not Applicable 

360 -14.83 -47.81 0 -32.98

420 -14.94 -47.92 0 -32.98

480 -15.03 -48.01 0 -32.98

540 -15.14 -48.12 0 -32.98

600 -15.24 -48.22 0 -32.98

720 -15.56 -48.54 0 -32.98

Borehole WBR44 Pumping Test Summary

Step 1- 0.2l/s Step 3- 0.6l/sStep 2- 0.4/s Step 4

STEP DRAWDOWN

Drawdown Test Recovery Test

Drawdown vs Time Grapth

Sustainable Summary

CONSTANT DISCHARGE - 0.4l/s

ERM Southern Africa (Pty) Ltd
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Sandton
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Static W/L -31.76 m bgl

Recovery

Time [min] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Time [s] Recovery [m] WL rec [m bgl]

1 -0.55 -32.31 -2.15 -33.91 -4.95 -36.71 -10.99 -42.75 1 -5.67 -37.43

2 -0.68 -32.44 -2.25 -34.01 -5.79 -37.55 -11.25 -43.01 2 -3.34 -35.1

3 -0.73 -32.49 -2.37 -34.13 -7.45 -39.21 -11.39 -43.15 3 -2.75 -34.51

5 -0.83 -32.59 -2.67 -34.43 -9.02 -40.78 -12.99 -44.75 5 -2.11 -33.87

7 -0.88 -32.64 -3.3 -35.06 -9.22 -40.98 -14.1 -45.86 7 -1.65 -33.41

10 -0.93 -32.69 -3.44 -35.2 -9.32 -41.08 -23.34 -55.1 10 -1.32 -33.08

15 -0.98 -32.74 -3.55 -35.31 -9.85 -41.61 -24.95 -56.71 15 -1.05 -32.81

20 -1.45 -33.21 -3.62 -35.38 -9.98 -41.74 -25.75 -57.51 20 -0.87 -32.63

30 -1.58 -33.34 -3.69 -35.45 -10.19 -41.95 -26.78 -58.54 30 -0.65 -32.41

40 -1.9 -33.66 -3.74 -35.5 -10.3 -42.06 -32.93 -64.69 40 -0.59 -32.35

50 -1.93 -33.69 -3.79 -35.55 -10.35 -42.11 -33.56 -65.32 50 -0.54 -32.3

60 -1.95 -33.71 -3.83 -35.59 -10.41 -42.17 -35.14 -66.9 60 -0.49 -32.25

70 -0.35 -32.11

80 -0.27 -32.03

90 -0.15 -31.91

100 -0.15 -31.91

110 -0.13 -31.89

120

150

WL at start of test -31.97 m bgl

Time [s] Drawdown [m] WL [m bgl] Recovery [m] WL rec [m bgl]

1 -2.39 -34.36 -4.3 -36.27

2 -2.63 -34.6 -2.9 -34.87

3 -4.21 -36.18 -3.57 -35.54

5 -5.99 -37.96 -2.97 -34.94

7 -6.51 -38.48 -2.74 -34.71

10 -10.45 -42.42 -2.58 -34.55

15 -11.21 -43.18 -2.4 -34.37

20 -11.23 -43.2 -2.32 -34.29

30 -11.41 -43.38 -2.19 -34.16

40 -11.51 -43.48 -2.13 -34.1

60 -11.69 -43.66 -2.04 -34.01

90 -11.85 -43.82 -1.92 -33.89

120 -11.97 -43.94 -1.8 -33.77

150 -12.13 -44.1 -1.7 -33.67

180 -12.18 -44.15 -1.65 -33.62

210 -12.22 -44.19 -1.59 -33.56

240 -12.26 -44.23 -1.51 -33.48

300 -12.31 -44.28 -1.3 -33.27 Not Applicable 

360 -12.41 -44.38 -1.19 -33.16

420 -12.55 -44.52 -1.05 -33.02

480 -13.62 -45.59 -0.95 -32.92

540 -12.74 -44.71 -0.92 -32.89

600 -12.85 -44.82 -0.84 -32.81

720 -12.97 -44.94 -0.81 -32.78

840 -13.05 -45.02 -0.76 -32.73

960 -13.18 -45.15 -0.62 -32.59

1080 -13.41 -45.38

1200 -13.58 -45.55

1320 -13.68 -45.65

1440 -13.79 -45.76

Borehole WBR45 Pumping Test Summary

Step 1- 2.05l/s Step 3- 8.50l/sStep 2- 4.50/s Step 4 - 15.31l/s

STEP DRAWDOWN

Drawdown Test Recovery Test

Drawdown vs Time Grapth

Sustainable Summary

CONSTANT DISCHARGE - 10.0l/s
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Static W/L -25.78 m bgl

Recovery

Time [min] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Drawdown [m] WL [m bgl] Time [s] Recovery [m] WL rec [m bgl]

1 -1.95 -27.73 -17.95 -43.73 -27.75 -53.53 -42.1 -67.88 1 -77.7 -103.48

2 -2.89 -28.67 -13.15 -38.93 -27.98 -53.76 -42.34 -68.12 2 -66.88 -92.66

3 -3.32 -29.1 -18.4 -44.18 -28.15 -53.93 -47.37 -73.15 3 -63.05 -88.83

5 -5.61 -31.39 -20.28 -46.06 -28.65 -54.43 -53.62 -79.4 5 -58.75 -84.53

7 -8.12 -33.9 -21.6 -47.38 -28.92 -54.7 -58.62 -84.4 7 -51.24 -77.02

10 -9.2 -34.98 -23.64 -49.42 -29.74 -55.52 -64.82 -90.6 10 -34.2 -59.98

15 -10.85 -36.63 -25.41 -51.19 -33.77 -59.55 -72.89 -98.67 15 -18.21 -43.99

20 -12.44 -38.22 -26.1 -51.88 -37.68 -63.46 -78.05 -103.83 20 -13.76 -39.54

30 -15.76 -41.54 -26.93 -52.71 -40.76 -66.54 -83.16 -108.94 30 -11.5 -37.28

40 -16.94 -42.72 -27.18 -52.96 -41.51 -67.29 0 -25.78 40 -10.5 -36.28

50 -17.35 -43.13 -27.35 -53.13 -41.75 -67.53 0 -25.78 50 -10.2 -35.98

60 -17.49 -43.27 -27.45 -53.23 -41.93 -67.71 0 -25.78 60 -9.87 -35.65

70 -9.5 -35.28

80 -9.29 -35.07

90 -9.1 -34.88

100 -8.95 -34.73

110 -8.8 -34.58

120

150

WL at start of test -33.92 m bgl

Time [s] Drawdown [m] WL [m bgl] Recovery [m] WL rec [m bgl]

1 -1.33 -35.25 -24.1 -58.02

2 -2.03 -35.95 -22.96 -56.88

3 -2.13 -36.05 -19.68 -53.6

5 -5.89 -39.81 -18.56 -52.48

7 -7.41 -41.33 -17.98 -51.9

10 -7.96 -41.88 -15.4 -49.32

15 -14.54 -48.46 -12.82 -46.74

20 -21.1 -55.02 -11.65 -45.57

30 -23.4 -57.32 -6.42 -40.34

40 -24.65 -58.57 -5.84 -39.76

60 -25.46 -59.38 -5.62 -39.54

90 -27.49 -61.41 -5.04 -38.96

120 -28.38 -62.3 -4.49 -38.41

150 -29.54 -63.46 -4.15 -38.07

180 -30.16 -64.08 -3.85 -37.77

210 -30.3 -64.22 -3.54 -37.46

240 -31.04 -64.96 -3.25 -37.17

300 -32.07 -65.99 -2.84 -36.76 Not Applicable 

360 -32.15 -66.07 -2.54 -36.46

420 -32.23 -66.15 -2.34 -36.26

480 -32.28 -66.2 -2.05 -35.97

540 -32.54 -66.46 -1.85 -35.77

600 -32.65 -66.57

720 -32.75 -66.67

840

960

1080

1200

1320

1440

Borehole ZT5A Pumping Test Summary

Step 1- 0.32l/s Step 3- 0.90l/sStep 2- 0.60/s Step 4 - 1.541l/s

STEP DRAWDOWN

Drawdown Test Recovery Test

Drawdown vs Time Grapth

Sustainable Summary

CONSTANT DISCHARGE - 1.05l/s
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1.0 INTRODUCTION 
1.1 Background 
Exxaro Grootegeluk Mine, a subsidiary of Exxaro Coal (Pty) Ltd requested from Golder Associates Africa 
(Pty) Ltd (Golder) to compile an updated and consolidated Environmental Management Plan (EMP) and 
Environmental Impact Assessment (EIA) for Grootegeluk Mine. 

Water management at Grootegeluk Mine is an important aspect of the mine’s operations – both from an 
environmental perspective and an operational perspective. Water management revolves around three core 
aspects: 

 Water Supply 

 Dirty storm water management 

 Process water management. 

All three components are interlinked as both process water and storm water are harvested in the plant and 
on the tailings storage facility. Storm water management typically revolves around infrastructure to safely 
convey large volumes water from one area to another and is addressed in the Storm water Report (Golder, 
2011). Process water has to be stored for re-use, as it cannot be released to the environment without 
treatment. Water supply comes either from harvested storm and groundwater, or the Mokolo Dam. 

As part of the Environmental Impact Assessment (EIA), a water balance study is necessary to further 
understand the projected water system and its implications in terms of risk and its associated mitigation 
requirements. This report addresses the water balance study. It details the assumptions, methodologies, 
results and interpretation of the results of the water balance modelling for the mine. Recommendations are 
made to improve current water management practices.  

1.2 Objectives 
The objectives of the study are: 

 To build a water balance model on a Goldsim simulation platform to be able to report on the existing 
mine water balance and simulate future scenarios.  

 To aid as a management tool to assist the environmental manager to achieve its objectives as outlined 
in the IWWMP. 

 To quantify the impact of Grootegeluk on the natural environment. 

 To enable Grootegeluk to manage their excess water optimally. 

 To identify critical knowledge gaps to further understand the water system in future phases of the water 
balance development. 

1.3 Approach 
The site was visited on 14 June 2011 to visit the site and discuss the mine water system with personnel on 
the mine. The approach taken to the study was as followed: 

1) Collection/Quality control of existing and monitored data 

2) Discuss current water management strategy to decide on operating rules for the model 

3) Building of the model 

4) Calibration of the model using monitored data 

5) Simulation of future scenarios once model is calibrated  
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A water and salt balance utilizes data of a variety of types, sources and accuracy, and cannot be expected to 
be a precise accounting of water supply and use, nor can it be expected to be a complete description of a 
surface and groundwater system. The quantities associated with each component and the summary 
quantities of supply and use of surface and groundwater are estimates of their magnitude. The modelling is 
an iterative process with several cycles of development. The modelling strategy is to develop a water and 
salt balance model through repeated cycles to take advantage of what was learned during development of 
earlier versions of the model. Further knowledge gained during and after this phase of this project will be 
used to refine and increase model precision and increase the confidence in the model. 

2.0 SITE DESCRIPTION 
2.1 Climate 
2.1.1 Regional climate 
The site is situated in the Limpopo Plain climate zone (Kleynhans et al. 2005).  This climate zone is 
characterized by plains and lowlands, with low to moderate relief. The vegetation consists mostly of 
Bushveld and Mopane Veld. There are no perennial streams originating within the area itself, however 
perennial rivers that traverse the region include the Crocodile (West), Marico, Mokolo, Lephalala and 
Mogalakwena 

2.1.2 Rainfall 
The Grootegeluk mine is located within the A42J Quaternary catchment. The Grootfontein station was 
selected based on the fact that this is the closest station to the study area with a reliable record.  

Table 1: Mean annual precipitation and the relevant rainfall station 

Name of 
rainfall station 

Rainfall station 
number 

Distance (km) Latitude 
(°)(‘) 

Longitude 
(°)(‘) 

Record 
(Years) 

MAP(mm) 

Grootfontein 0674100_W 3.4 23° 40’ 27° 34’ 87 467 

The box and whisker plot of monthly rainfalls for the period 1913-2000 is presented in Figure 1. The mean 
annual rainfall (MAP) is 465mm/yr. Box and whisker plots are a concise graphical display for summarizing 
the distribution of a data set. Box and whisker plots provide visual summaries of the centre of the data (the 
median - the centre line of the box); 

 the variation (interquartile range - the box height); 

 the skewness (the relative size of box halves); and 

 The presence or absence of unusual values ("far outside" values). 

Maximum rainfalls are observed during the month of December and January with the lowest rainfall month 
occurring during the dry season between June and August. 

Extreme rainfall events were extracted from Grootfontein Station obtained from the Design Rainfall 
Estimation Program (Smithers et al. 2002). The 24 hour storm rainfall depths for various recurrence intervals 
at Station 0674100_W (Grootfontein Station) was abstracted from the database. The depths are presented in 
Table 2. The rainfall storm distribution on site is classified as a type 3 design rainfall distribution. 

Table 2: 24 hour storm rainfall depths for various recurrence intervals (mm)  
Return Period (Years) 1 in 2 1 in 5 1 in 10 1 in 20 1 in 50 1 in 100 1 in 200 

Rainfall Depth (mm) 65 92 111 130 157 179 202 
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Figure 1: Mean Monthly Rainfall for Grootfontein Station 

2.1.3 Evaporation 
The mean annual Symons-pan evaporation (MAE) in the vicinity of the mine is 1,950mm (WR90). Mean 
monthly evaporation values are presented in Table 3. It is to be noted that the MAE is about four times 
higher than the local MAP in the vicinity of the mine.  

Table 3: Mean Monthly S-Pan Evaporation values for Belfast area. 
Month  Oct  Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug Sep  Total  

Average evaporation 
(mm/month)  

226 210 210 209 174 165 129 110 91 102 137 186 1950 

2.2 Water schematics 
The mine-wide water balance at Grootegeluk Mine consists of the pit, coal plants, water dams and slimes 
dam. Figure 2 shows a schematic of the water circuits on the mine which are simulated in the water balance. 

The mine water circuit consists of the following: 

 Pit area: the pit section which generates water by means of runoff, groundwater inflow and recharge 
through the rehab area. This water reports to the Pit Storage Dam (also known as Bench 13). Water 
that accumulates into the Pit Storage Dam is pumped into the Pit Sump (also known as Bench 11). 

 Pit Sump: The Pit Sump receives water pumped from a sump called WP Slimes located next to the 
plant area. It also receives some of the recharge from the rehab area. It is to be noted that if the level of 
water is too high in the Pit Sump some of the water can seep back into the Pit Storage Dam. Water 
from the Pit Sump is being pumped back to the GG1 or GG2 plant dams. Water can be used for dust 
suppression. In case of emergency water can also be pumped into the Buffer Dam. 
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Figure 2: Water Schematics for Grootegeluk Mine
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 Olifantskop Dam and Buffer Dam: Overflow from the WP Slimes flows to the Olifantskop Dam. If the 
water level in the dam is too high, water can be pumped through the Old Pit System into GG1 or GG2 
Plant. It also receives overflow water from Buffer Dam. The Buffer Dam is inactive but can be used as 
extra storage and receive water from the Pit Sump in case of emergency.  

 Active Slimes Dam: The Active Slimes Dam receives slurry streams from GG1 Plant and GG2 Plant 
(slimes from GG2 Plant also contain slimes from GG4 Plant). The slurry from plants is disposed of at 
the slimes dam with the excess water pumped through a barge pump into the Concrete Dam. Seepage 
from the dam is collected through a deep trench located south East of the dam and pumped back into 
the Mamba dam. 

 Concrete Dam and Mamba Dam: The Concrete Dam receives return water from the Active Slimes 
Dam. Water from the Concrete Dam is pumped directly to GG1 or/and to Bosbok Dam (formerly called 
Dam 20000). The capacity of the concrete dam is relatively small. If the level in the Concrete Dam is 
high enough, a pipe connects the Concrete Dam with the Mamba dam. Mamba dam receives storm 
water runoff from its upstream catchment, seepage from the Active Slimes Dam and excess water from 
the Concrete Dam. If the water level in the Mamba Dam is higher than its operational level (20% of its 
total capacity), water is pumped into the Concrete Dam.  

 Bosbok Dam: Bosbok Dam provides extra storage for return water. It receives water from the Concrete 
Dam and some of the runoff from the plant area. Water is first discharged into a settling pond where 
some of the suspended solids settle down and water overflows into the dam. Return water can then be 
pumped either to GG1 or GG2.  

 GG1 Plant Area: The raw water dam is fed by some of the boreholes abstraction; water pumped from 
the Pit Sump and/or Olifantskop dam and is topped up with raw water supplied from the Mokolo Dam 
(including raw water through the fire line system). The clarified water dam receives return water from 
Bosbok Dam and Concrete Dam. Water is mostly used in the plant for Relative Density (RD) control, 
flocculation and washing. Some of the water is pumped to the CHAR Plant. The excess water flows into 
the WP Slimes.  

 GG2-6 Plant Area: GG2 Plant area includes GG2, GG3, GG4, GG5 and GG6 Plants. The raw water 
dam is fed by some of the boreholes abstraction; water pumped from the Pit Sump and/or Olifantskop 
dam and is topped up with raw water supplied from the Mokolo Dam (including raw water through the 
fire line system). The clarified water dam receives return water from Bosbok Dam. Water is mostly used 
in the plant for Relative Density (RD) control, flocculation and washing. Some of the water is pumped to 
the CHAR Plant. The excess water flows into the WP Slimes.  

 WP Slimes: The WP Slimes receives excess water from GG1 and GG2 excess water. Runoff from the 
plant area is collected into this sump. Water is being pumped to the Pit Sump and overflows flows to the 
Olifantskop Dam.   

 Voeljie Dam: The quality of water in the Voeljie Dam is poor. Some of the raw water supplied from the 
Mokolo dam is pumped into the Voeljie Dam for dilution purposes.  

 CHAR Plant Area: The CHAR Plant Dam receives some of its water from GG1, GG2 plant and raw 
water from the Mokolo Dam. Water is used for process. Some of the water is lost through the cooling 
system. 

Potable and sewage water are not included in this report as they are not part of this study. 
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3.0 WATER BALANCE MODELING DESCRIPTION 
3.1 The need for a daily probabilistic water balance model 
Mine water management is a fundamental issue that affects most mines world-wide. The risk of surface 
water and groundwater contamination caused by mining activities and any following potential environmental 
consequences call for careful planning and operation of mine water infrastructure. The need to provide an 
adequate reliability of process water supply and assurance of the compliance of discharge water quantity 
and quality with local environmental legislation and with best practises is becoming equally important.  

Typically, mine water balances are focused around the tailings area, plant processes and pit area. The 
classic water balance approach usually involves building a deterministic model in which respective elements 
of the water cycle are usually represented by using averaged values of system variables over simulated time 
steps. Many of these variables are well known in advance and can be fairly precisely defined. However, 
hydrological processes and plant processes are often probabilistic by nature and using their average values 
such as a fixed runoff percentage for runoff estimate limits the accuracy and usefulness of the water balance 
model outputs. A deterministic model usually does not account for extreme meteorological events, which 
may have direct implications for water supply and disposal and quite often determine important design 
criteria and constraints that have to be met during the design and approval processes.  

A continuous probabilistic model gives a picture of the various possible outcomes of different scenarios and 
assesses the impact of risk, allowing for better decision making under uncertainty. This is of particular 
interest for hydrological events where future rainfall sequences cannot be predicted. The daily probabilistic 
model allows to simulate different rainfall sequences and to see how each one would affect the water 
balance (see Figure 3). It is also important as the magnitude of extreme meteorological events is as 
important as the timing at which it occurs. While a proper monitoring system provides a good knowledge of 
what happened in the past, it cannot predict what will happen in the future. The model can test and simulate 
what could happen in the future and what is the risk associated. 

 
Figure 3: Illustration of simulation of future events 

Building a daily probabilistic water balance model with simplifying assumptions, allows the necessary 
subtleties to address and understand complex systems such as large mining operations as found at 
Grootegeluk Mine. 

The daily probabilistic model has the benefits of: 

 A better understanding of the dynamics of the various circuits can be achieved. 

 While flows and water levels can be measured quantitatively, the model allows the estimate of dynamic 
processes such as runoff and seepage to have a complete vision of the overall water balance.  
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 The results of the continuous daily modelling can be used to estimate average daily flows between all 
the components that make up the site water circuits. 

 Dynamic operating rules can be incorporated that react to various situations as they occur. The effects 
of the operating rules can then be assessed and the operating rules optimised. 

 The probability distributions of variables can be assessed and better understood. These include dam 
levels, water quality, spillage frequencies and spillage volumes. It provides a better understanding of 
the risks associated with unpredictable events such as rainfall. 

3.2 Goldsim modelling environment 
The water balance model described in this report was built using GoldSim, a dynamic system modelling 
package, which is a graphical object-oriented modelling environment with an in-built capacity to carry out 
dynamic probabilistic simulations. 

Goldsim uses equations and rules to simulate a system quantitatively in order to identify and understand the 
factors that control a system or to predict the future behaviour of the system. Goldsim was developed to be 
flexible so that it may be applied to a variety of systems. It can therefore be applied to ecosystems, 
environmental systems, engineered systems and strategic planning systems amongst others. 

Whilst a variety of simulation tools exist, Goldsim was chosen for the following reasons: 

 It has been used extensively in mine water balance studies in North and South America, Europe, Africa 
and Australia. 

 Goldsim is user-friendly and graphical tool so that a system is presented as a picture for easier 
understanding. 

 Goldsim is extremely flexible allowing applications to nearly any kind of system. The software allows 
models to be built in a hierarchical and modular manner, so that the model can evolve as more 
knowledge is obtain. This makes it ideal for top-down modelling approaches such as this one. 

 Goldsim is dimensionally aware, having an extensive database of uses and conversion factors. Data 
can be entered in and displayed in any units. Customised units can also be defined. Dimensional 
consistency is ensured with all unit conversions carried out internally. 

 Uncertainly in process, parameters and future events can all be explicitly represented. 

 Goldsim is extensible, with external spread sheets or programmes linked directly into a Goldsim model 
so that an overall balance of the can be presented.  

 Goldsim utilises probability distributions (or stochastic values) that can be defined for different inputs 
such as flows, time frames and performance. These distributions can be input as triangular, normal 
Poison, Log-normal or Boolean distributions. Goldsim then samples these distributions using  
Monte Carlo and Latin Hypercube sampling methodologies. The number of realisations determines how 
many samples are drawn for each distribution. 

3.3 General Description of Model 
3.3.1 Model description 
The model was coded using a top-down approach. That is, starting with a broad overview of the water 
balance, and then drilling down to the next level of detail if available and if required. The approach is 
particularly appropriate to mine water balance applications, since there are often unknowns and uncertainties 
in these applications. Where additional detail is required and data is available, the modelling can be more 
detailed. 
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The mine water balance is dynamic and depends on many factors including rainfall, the mine plan, floor 
contours, rehabilitation scheduling and standards as well as mine water requirements.  

The mine uses a system of dams, pumping systems, diversions and management options such as dust 
suppression and evaporation to manage the water on the mine complex. To represent the mine water 
management system, the following elements have been included in the model: 

 Surface runoff element 

 Dam element 

 Tailings Storage Facility 

 A rehab element 

 Coal plant  

 Climate element 

The above elements can be used to build up a mine water system. The operating rule and connectivity 
govern how the water streams produced from the different elements are linked together. The connectivity 
and operating rule are programmed into the model and have to be changed within Goldsim. 

The time step of the model is dependent on the objective of the model. An annual time step can be used to 
give an indication of the average water volumes that may need to be managed and an overall indication of 
the mine water balance. Such a long time step does not address the seasonal or daily variations and 
therefore cannot be used to size storage facilities. A monthly time step accounts for the seasonal variations 
and can be used to provide indicative sizing of storage facilities such as pollution control dams. The monthly 
time step can also be used to provide an indication of the capacities of the pumping pipelines infrastructure 
needed to convey the water between storage elements. A daily time step model allows for a more accurate 
determination of the pollution control dam sizes and pump/pipeline capacities. A daily time step has been 
used for the GG model. 

The approach and algorithms used to model the different elements are described in Section 0. 

3.3.2 User interface 
The model has a user interface for the mine to be able to use on-site. It requires a freeware Goldsim player 
file to be installed on the computer for the model to be run. Most input values and monitored values are input 
in an Excel spread sheet. The model can be run from the user interface. Time series of the various flows and 
water volumes can be seen on the user interface. An average site wide water balance for a selected window 
period can be exported in an excel spread sheet as shown on Figure 4 showing the various inflows, outflows, 
variation of storage and the overall balancing of the model. 
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Figure 4: Screenshot of Excel export spread sheet created by Goldsim model 
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3.4 Elements modelling 
3.4.1 Surface Runoff Element 
Surface runoff is the runoff from pervious catchment areas. A single soil layer model together with the SCS 
runoff equation is used to model the soil moisture budget. A single layer model is adequate for typical mine 
catchment areas. These areas are generally small and do not contain a defined water course or channel 
which intercepts the groundwater table. The catchments will produce runoff with the recharge or percolation 
from the catchment reporting to the groundwater system which further reports to a water course. 

A schematic showing the soil moisture budget is given in Figure 5. The elements are the daily rainfall 
generated in the climate module, interception storage, the SCS equation which is used to determine the 
surface runoff and the single soil layer. The interception storage layer represents the interception of rainfall 
by the catchment vegetation. The water held in the store is evaporated with the excess spilling from the store 
to the ground. The SCS equation (Schulze, 1995) is used to determine the runoff depth from the excess 
water that spills from the interception storage. The difference between the excess water and the runoff 
infiltrates into the soil layer. The moisture in the soil layer is budgeted for by adding in the infiltration and 
subtracting the evaporation and the percolation from the moisture in the soil store. The equations governing 
the fluxes between the stores are given below. 

 
Figure 5: Schematic showing schematic of single layer soil moisture budget 

The depth of water stored in the interception storage is given by: 

                  

Where Iste  is the depth (mm) in the store at the end of the day, Ist0 is the depth (mm) in the store at the start 
of the time step, R (mm/d) is the daily rainfall depth, E (mm/d) is the potential evaporation and dt is the time 
step which is a day. If Iste exceeds the capacity of the store then the excess water that spills from the 
interception store is given as: 
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Where Isp (mm/d) is the spill depth and Icap (mm) is the capacity of the interception storage. 

 
The surface runoff is calculated using the SCS equation as follows: 

     
           

 

             
 

Where Roff (mm/d) is the runoff depth, Iabs is the initial abstraction and S (mm) is the soil moisture deficit in 
the soil layer. A value of 0,2 as suggested by Schulze (1995) is used for Iabs. S is given by: 

              

Where Drd is the soil runoff response depth (mm), Por is the soil porosity defined as the volume of voids to the 
volume of soil in the soil layer and MC is the moisture content in the soil defined as the volume of water to 
the volume of soil. 

The soil moisture budgeting is described by the following equations: 

        
                        

   

 

Where MC0 is the moisture content of the soil at the start of the time step, MCe is moisture content at the end 
of the time step, Ep (mm/d) is the potential evaporation after the interception storage evaporation is satisfied, 
Perc (mm/d) is the water depth that percolates from the upper soil layer to the lower layers and Dsl (mm) is the 
depth of the soil layer. 

     is calculated using the Corey-Brooke equation as follows 

       (
      

       

)
 

 

Where     (mm/hr) is the saturated conductivity of the soil,     is the residual moisture content,     and 
    are the saturated and initial soil moisture content respectively. 

3.4.2  Dam Element 
A schematic showing the soil moisture budget is given in Figure 6. 

 
Figure 6 : Schematic showing inputs and output routes for dam element 
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The inflows to a typical dam element are: 

 Runoff from a catchment area, which would be calculated using the catchment element. 

 Pumping inputs which could be one of the routes from the mine workings or pumping from other dams 
in the system. 

 Rain is the rainfall falling directly on the surface of the dam. This is calculated as the daily rainfall depth 
times the water surface area of the dam. 

The outputs from a typical dam are: 

 Evaporation from the surface of the dam which is calculated as the product of the evaporation depth for 
water body times the water surface area. 

 Seepage from the dam floor which is calculated as the product of a seepage rate and the water surface 
area in the dam. The seepage is assumed to leave the mine water system. 

 Pumping from the dam which is governed by the operating rule. The pumping outputs could be to meet 
local water demands or to support the supply drawn from other dams in the system. 

 Spillage from the dam occurs when the dam is full and overflows. 

The balance equation for the dam is 

      (                                            )   

Where    is the volume (m3) in storage at the end of the day,    is the volume (m3) at the beginning of the 
day,      is the runoff volume (m3/d),          the volume (m3/d) pumped into the dam,     is the area (m2) 
of the water surface of the water stored in the dam,      (m/d) is the saturated hydraulic conductivity of the 
base of the dam and           is the volume of water (m3/d) pumped from the dam. 

If    exceeds the dam capacity, then the spill volume is calculated as the difference between    and the dam 
capacity. The area in the dam is represented in the model as a lookup table relating storage volume to water 
surface area. When the dam runs out of water then the order of meeting the outputs is evaporation, seepage 
and finally the pumped outputs. 

3.4.3 Rehabilitated area element 
Recharge through the rehab area, in the light of the mine pit, is the volume of water that escapes from the 
evaporation zone and percolates through the soil/spoil body to the floor of the pit. The recharge is calculated 
in the model using the percolation depth from the surface runoff calculations. The equations for surface 
runoff element described in section 3.4.1 are used to calculate runoff and percolation for the rehab area 
element. 

There is at this stage no specific study that was done at the Grootegeluk site to estimate the recharge 
through the rehab area. Typical recharge values from other work undertaken in the Witbank Coal Fields were 
used to calibrate the model. The Grootegeluk site is located in an area with less rainfall and more 
evaporation and therefore values from the lower end of the range were selected. The values are given in 
Table 4 for different sources of water in opencast pits. 

Table 4 : Typical water recharge characteristics for opencast mining (Hodgson et al, 2006) and 
selected values 
Sources which Contribute Water Water Sources into Opencast Pits  Suggested Average Values Selected values 

Rain onto rehab area (runoff) 5-15% of rainfall 10% of rainfall 5% of rainfall 
Rain onto rehab area (seepage) 5-10% of rainfall 8% of rainfall 8% of rainfall 
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3.4.4 Coal Plant element 
The water circuits within the coal plant are not included in the water balance model. The coal plant is treated 
as a “black box” (See Figure 7) with the main streams of water into and out of the box being included in the 
model. The water requirements of the plant are dependent on the Run of Mine (ROM) processed in the plant.  

 
Figure 7: Streams included in the model for the coal beneficiation plant water balance 

The inputs to the coal plant are: 

 Moisture in the ROM. The volume of water in the ROM is estimated as the product of the moisture 
content of the ROM and the dry mass of the ROM.  

 The make-up water into the plant required to run the plant. The make-up water volume is calculated by 
undertaking a water balance across the plant. 

 The recycle from the tailings dam. This is estimated as a fraction of the water that goes out with the 
slurry.  

The outputs from the coal plant: 

 The water in the discard and the coal product. The moisture in the coal product and discard is 
calculated as the product of the dry mass of the discard and coal product and the moisture contents for 
the two streams. The dry mass of discard is calculated as a fraction of the ROM.  

 The water in the slurry pumped to the filter press. The water in the slurry is calculated using the slurry 
density, the mass of solids in the slurry and the specific gravity of the coal. The dry mass of the slurry is 
calculated as the mass of the ROM remaining after the product and the discard has been subtracted. 
The equation used in determining the volume of water in the slurry is: 

          

             

              

 

Where         is the volume of water (m3/d) in the slurry, Ms (tonne/d) is the dry mass of solids in the 
slurry,          is the density of the slurry,    is the specific gravity of the solids and    (tonne/m3) is 
the density of water. 

 Losses are the losses incurred within the plant 
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3.4.5 Sump pump element 
The model assumes that the water is pumped from the workings sump into a dam. The pumping rate from 
the sump to the dam is limited by the sump pump capacity which is input to the model. The operating rule for 
the sump pump is that the pumping to the dam can only take place if there is capacity in the dam. If the dam 
is full then the water is held in the workings sump. 

3.4.6 Climate element 
3.4.6.1 Rainfall 

The main objective is to develop a model capable of preserving satisfactorily key statistical properties of 
rainfall simultaneously at daily, monthly and annual time scales based on localized rainfall records. 

Daily rainfall from two sources can be used in the model viz the historic record and a stochastically 
generated rainfall record using a stochastic feature built into the model. The historic rainfall record as 
measured on site can be used as input to the model. This record can be used for model calibration purposes 
ie the model can be run for the historic period and the simulated volumes in storage dams and in the mine 
pits can be compared to the measured volumes. The stochastically generated daily rainfall record can be 
used to assess the performance of the management system for future scenarios. The daily rainfall record for 
the Grootfontein rain gauge (No.0674100_W) is stored in the spread sheet “Climate.xls”. Goldsim reads the 

rainfall records from the spreadsheet. This allows for the addition of rainfall records to the spreadsheet as 
they become available. A -1 as a daily rainfall depth is used to signify the end of the measured record and 
that the stochastic rainfall generator should be used to generate any subsequent records.  

A daily time step stochastic rainfall generator has been developed in the model. This allows different 
sequences of daily rainfall to be generated within the model to determine the probability of spill and failure of 
supply for a particular water management strategy. The parameters of the stochastic model are determined 
by fitting the model to a measured daily rainfall record considered to be representative of the area. For the 
Grootegeluk mine complex, the daily rainfall record measured at the Grootfontein rain gauge 
(No.0674100_W) as given in the Computer Centre for Water Resources daily rainfall record database was 
used. 

The daily rainfall record covered the period 1 September 1903 to 30 July 2000. A cumulative plot of the daily 
record shown in Figure 8 was used to check the record for any anomalies. The plot highlights a slight change 
in trend after 1948 which could be attributed to different instruments being used for rain measurement. 

 
Figure 8: Plot of cumulative historic daily rainfall 
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Water management on an open cast mine is further complicated by the unpredictable and seasonal 
character of rainfall. A stochastic daily rainfall generator is a model capable of reproducing key statistical 
characteristics of historic records at not only a daily level but also monthly levels. The stochastically 
generated daily rainfall record can be used to assess the performance of the management system for future 
scenarios. This allows different sequences of daily rainfall to be generated within the model to determine the 
probability of spill and failure of supply for a particular water management strategy. 

The parameters of the stochastic model are determined by fitting the model to a measured daily rainfall 
record considered to be representative of the area. Record from Roodepoort rain gauge (No.0674100_W) 
was used to calibrate the stochastic daily rainfall model.  

The following statistics were compared to test the fit of the stochastic model to the measured daily rainfall 
depths: 

 The monthly averages shown in Figure 9. 

 The probability distribution of the measured and stochastic monthly rainfall depths as shown in Figure 9 

 The average number of rainfall days in each month shown in Figure 10 

 Distribution of the number of days of consecutive rain shown in Figure 12 

 Comparison of the number of days between rainfall events shown in Figure 11 

 
Figure 9: Comparison between stochastic and historic monthly rainfall depths 

 
Figure 10: Comparison of the average number of days of rainfall in each month 
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Figure 11: Comparison of days between rainfall events 

 
Figure 12: Comparison of distribution of the number of days of consecutive rain 

The plots show that the stochastic model fits the measured data sufficiently well. 

The stochastic model was run to generate 1000 sequences of 365 days each. The distribution of the daily 
rainfall depths for each day is shown in Figure 13 and the cumulative probability distribution of the annual 
rainfall totals in Figure 14. The plots show that the stochastic model is generating a range of daily rainfall 
depths and the seasonality is well captured. 
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Figure 13: Distribution of daily rainfall depths  

 
Figure 14: Cumulative probability distribution of the simulated versus recorded annual rainfall totals 
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3.4.6.2 Evaporation 

In the absence of an evaporation pond on site to record actual pond evaporation, the mean monthly 
evaporation for the area as presented in Table 3 were used in the model. 

3.5 Input Data 
3.5.1 Simulation period 
The model was simulated for the period 1 September 2004 to 30 April 2012. The model was run for 200 
realizations. The model simulates the water system for various rainfall sequences and stores the results for 
200 realizations. 

 On completion of the 200 sequences, the model statistically summarises the results and presents 
consolidated result sets. If required, detailed results of any water related variable from each model sequence 
are also available in the model outputs. 

Given the unpredictability of rain, the system needs to be assessed under varying rainfall conditions, thus 
historic daily record from Grootfontein was used in the simulations.  

Detailed results of any water related variable from each model rainfall sequence are also available in the 
model outputs if required. 

3.5.2 Dam capacities and areas 

Table 5: Dam capacities and areas 
Dam Capacity(m3) Footprint area(m2) 

Olifantskop dam 79000 31600 
Buffer Dam 98600 29000 
Concrete Dam  1782 255 

Mamba Dam 78125 15625 

Bosbok Dam:  130000 40000 

Voeljie Dam 50380 22900 

3.5.3 Pumping Capacities 
The main pumping capacities are presented in Figure 15. 
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Figure 15: Main pump capacities on the Grootegeluk Mine water circuit
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3.5.4 Pit extent 
The projected life of mine pit for the years was input in the model to generate the runoff for the years. The 
geographic extent of the pit is shown in Figure 16 and the variation in area is presented in Figure 17. 

 
Figure 16: Life of mine of Grootegeluk 

 
Figure 17: Life of mine pit area 



 
GROOTEGELUK WATER BALANCE STUDY 

 

October 2012 
Report No. 10613055-11459-2 21  

 

3.5.5 Monitoring Data 
An extensive network of flow meters on the mine is monitored monthly. Monthly data does not allow for a 
complete understanding of the daily hydrological and pumping flows dynamics but capture the overall 
volume trends. This flow data covers most operations on the mine. Data integrity is reasonably good, 
although there are data that appear to be unrealistic. This is supported by volumes of water that are 
unaccounted for in the calibration. Missing data is patched in the model. 

Monthly recorded data was provided by the mine spanning from 2006 to 2011 for the following: 

 Mine water balance  

 Dewatering from the pit  to process dams 

 Water drawn from the boreholes on site 

 Freshwater  supply from the Mokolo dam  

 Rainfall  

The Table 6 and Figure 18 below also indicates the position of meters on the distribution meters. 

Table 6: Grootegeluk meters and their positions 
Meter Number Position 

1 Measures flow from concrete to return water dam  
2 Measures flow from freshwater to GG1 plant 
3 Measures flow from freshwater to GG2 plant 
4 Measures flow from Olifantskop dam to GG1 and GG2 plant 
5 Measures flow from WP Slimes to Pit sump 
6 Measures flow from Pit sump to Plant 
7 Measures flow from Pit sump to Dust suppression 
8 Measures flow from Pit sump to GG2 plant 
9 Measures flow from Pit sump to GG2 plant 
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Figure 18: Positions of monitoring meters on Grootegeluk mine.
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3.5.6 List of assumptions 
Due to insufficient data records at this stage, some aspects of the model have not been calibrated against 
actual records. The following assumptions were made: 

 A daily groundwater inflow of 100m3/day was used in the model 

 Rehab area was simulated as 40% of total pit area 

 Records given by the mine included production figures to year 2016. The 2016 production figure was 
used as the yearly production figures from 2017 to 2040 

3.6 Water Balance Calibration on past records 
The model was simulated for the period between 1 September 2004 and 30 April 2020. Recorded data 
available spanned from year 2006 to 2011.  

A number of components and sub-components were calibrated on recorded data. Components that were 
calibrated are: 

 Volumes of returned water, (Figure 19) 

 Dust suppression volumes, (Figure 26) 

 Volumes of water pumped from the Pit into the Plant, (Figure 23) 

 Volumes of freshwater pumped to the Plant, (Figure 20, Figure 21) 

 Volumes of water from the slimes dam to the pit sump, (Figure 22) 

The calibration results are presented in Figure 19 to Figure 26 below. The red line traces the recorded 
values over time, with the blue line indicating simulated values.  
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Figure 19: Monthly simulated versus recorded water volumes from concrete dam to return water dam 
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Figure 20: Monthly simulated versus recorded fresh water volumes to GG1 process water dam. 
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Figure 21: Monthly simulated versus recorded fresh water volumes to GG2 process water dam. 
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Figure 22: Monthly simulated versus recorded water volumes from WP Slimes dam to Pit sump 
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Figure 23: Monthly simulated versus recorded water volumes from Pit sump to Plant 
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Figure 24: Monthly simulated versus recorded water volumes from Pit sump to GG1 
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Figure 25: Monthly simulated versus recorded water volumes from Pit sump to GG2 
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Figure 26: Monthly simulated versus recorded water volumes from Pit sump and used for dust suppression 
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Components that were calibrated include the components listed below. A comment is provided on the 
calibration in each case: 

 Pumping from concrete dam to return water dam (Figure 19): The simulated return water from the 
active slimes dam was calibrated using recorded flows from concrete dam to the Return water dam 
between 2006 and 2008. An average return of 49% of slurry inflow was estimated from the records. The 
simulated values fit relatively well with the recorded values. Volumes are simulated satisfactorily. It is to 
be noted that slurry volume of water are estimated based on monthly average tonnages and relative 
density and therefore can be inaccurate at times. 

 The water volumes from Pit sump to the plant (Figure 23): The pit runoff was calibrated to simulate a 
mean runoff of 40% of the MAP. Model shows that there is not enough runoff harvested in the pit sump. 

 The water volumes from Pit sump to GG1 (Figure 24): This figure indicates a good fit between 
recorded and simulated values until 2009.  From 2010 to 2012, the model underestimated the volume 
pumped to GG1 which lead to overestimating water supply (Figure 21). 

 The water volumes from Pit sump to GG2 (Figure 25): This figure indicates a good fit between 
recorded and simulated values; 

 The water volumes from Pit sump and used for dust suppression (Figure 26): This figure indicates 
a good fit between recorded and simulated values.  

 The water volumes from WP Slimes to Pit sump (Figure 22): the simulated volumes fit relatively well 
with the recorded volume. The model tends to slightly overestimate the simulated volumes to 
compensate for the limited amount of water in the pit sump.  

 Fresh water volumes imported into GG1 Process dam (Figure 20) and GG2 Process dam (Figure 
21): Given the low volumes harvested in the pit, fresh water supply simulated tends to be overestimated 
in comparison to the recorded volumes. 

In addition to calibrating against measured data, professional judgement is used to calibrate unmeasured 
compartments and sub-compartments. 

Model showed that there is an imbalance at the plant from the monitored values. This could be explained by 
various possibilities. 

 Unmeasured flows are often difficult to estimate (i.e. washing of floors, thickener density control etc.) 

 Flow meters are not calibrated an therefore affect quality of the data 

 Slurry water can be easily over or underestimated because it is estimated from average density and 
tonnage. 

With these components, or sub-components calibrated, we feel confident that the model is able to simulate 
the water balance with a fair degree of accuracy, given various operating scenarios. Recorded values are 
patched to force the system to be balanced despite the inaccuracy in recorded values, lack of meters in 
certain areas and no water level readings from the dams. Further calibration with longer and more accurate 
data should be done to further understand the imbalances around the plant.  

3.6.1 Mean Annual Water Balance 
The following figures below present the mean simulated water balance results for the following: 

 Mean 2010/2011 hydrological year water balance (Figure 27), 

 Mean dry season water balance (May to September) ( Figure 28),  

 Mean wet season water balance (October to April) (Figure 29). 
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Figure 27: mean simulated water balance for the 2010/2011 hydrological year 

INFLOWS OUTFLOWS

0 mg/l

0 m³ 391

2870

58 68

71 1277

5380

3456

0 mg/l

0 m³ 0

0 0

0

0

1501 40

70

45 0

14 0

61   

0 mg/l

-53 m³ 1995 10 m³

0 mg/l 18

0 33

37 0

1935

99

-5 m³

1036

2274 2311

4624 2514

8 41

937

1313 5718

862 2534

5801 12

3

28 m³

121

176 198

0 505

12 2

0

0 m³

0 mg/l

7030

41 630

0 0

0

0 mg/l 0 m³

0 m³ 0 mg/l

0 10

26 16

0

Overflow Spill

158 0

0

0 67

0 110

29 0

7543 9 m³

0 mg/l

6224

1173 332

0

261 1086

68

29 -43 m³

Seepage 0 mg/l

0 870

3

303 0

32

44

494

0 mg/l

0 m³

2 46

21 89

112 0

0 m³

0 mg/l

TOTAL = 18796 18850

balance check 0

  - Clean Water

  - Contaminated Water

  - Water Loss

  - Storage variation

  - Average Water Content

LEGEND

Total Change in Storage

-54

GROOTEGELUK WATER BALANCE (m3/day)

INTERSTITIAL STORAGE

EVAPORATION

DIRECT RAINFALL

BEACH RUNOFF

DIRECT RAINFALL

RUNOFF FROM U/S CATCHMENT

BOREHOLES

FRESHWATER

BOREHOLES

FRESHWATER

DIRECT RAINFALL

RUNOFF FROM U/S CATCHMENT

DIRECT RAINFALL

RUNOFF FROM U/S CATCHMENT

DIRECT RAINFALL

RUNOFF FROM PLANT AREA

DIRECT RAINFALL

RUNOFF FROM U/S CATCHMENT

DIRECT RAINFALL

RUNOFF FROM U/S CATCHMENT

DIRECT RAINFALL

RUNOFF FROM U/S CATCHMENT

DIRECT RAINFALL

RUNOFF FROM PIT

DIRECT RAINFALL

RUNOFF FROM U/S CATCHMENT

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SEEPAGE

EVAPORATION

SPILL

SPILL

SPILL

DUST SUPPRESSION

SPILL

Mamba Dam

Bosbok Dam

WP Slimes

Olifanskop 
Dam

Pit Storage Dam

Voeljies Dam

Concrete 
Dam

SEEPAGE

SEEPAGE COLLECTED

FRESHWATER

RUNOFF-SEEPAGE FROM REHAB

Active Slimes Dam
Pool

WATER IN ORE

WATER IN PRODUCT

WATER IN WASTE

WATER IN PRODUCT

WATER IN WASTE

WATER IN ORE

GROUNDWATER INFLOW

Pit Sump

FRESHWATER TO FIRELINE

DIRECT RAINFALL

DIRECT RAINFALL

Buffer Dam

EVAPORATION

EVAPORATIONGG2 Plant

RUNOFF-SEEPAGE FROM REHAB

RUNOFF FROM U/S CATCHMENT

DIRECT RAINFALL

PLANT NET USE

EVAPORATION

GG1 Plant

SEEPAGE

CHAR Plant Dam

FRESHWATER

GG2 - GG3 - GG4 - GG5 - GG6 



 
GROOTEGELUK WATER BALANCE STUDY 

 

October 2012 
Report No. 10613055-11459-2 34  

 

 
Figure 28: Mean Dry season Water Balance 
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Figure 29: Mean Wet season Water Balance
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3.7 Future simulated model 
3.7.1 Monte-Carlo simulations 
Given the unpredictability of rain, the system needs to be assessed under varying rainfall conditions, thus 
using rainfall sequences generated from the stochastic rainfall generator. The model was run using Monte 
Carlo simulation. The model is run multiple times (realizations) and simulates the water system for various 
rainfall sequences and stores the results for each realization. 

On completion of the runs, the model statistically summarises the results and presents consolidated result 
sets. If required, detailed results of any water related variable from each model sequence are also available 
in the model outputs. 

3.7.2 Simulation period 
The balance presented in the previous section reflects the balances for the actual historical rainfall. The 
model was run for 100 realizations. The model simulates the water system for various rainfall sequences and 
stores the results for 100 realizations. On completion of the 100 realizations, the model statistically 
summarises the results and presents consolidated result sets as an envelope of results. 

Recorded values are patched to force the system to be balanced despite the inaccuracy in recorded values, 
lack of meters in certain areas and no water level readings from the dams.  

The calibrated model was used to simulate a future model to create an envelope of results. The model was 
simulated for year 2012 to 2040. 

3.7.3 Raw water supply 
3.7.3.1 Daily water make-up  

The simulated daily water make-up for the entire system is shown in Figure 30.  

The Table 7 below summarises the average daily water makeup for the mine  

Table 7: Daily water makeup 
Year Average(m3) 5th Percentile(m3) 95th Percentile(m3) 

2010-2020 17580 8130 25840 
2020-2030 16760 3850 24890 
2030-2040 12420 1100 24880 
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Figure 30: Percentiles of Grootegeluk simulated daily water make-up from Mokolo 
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3.7.4 Extra Storage requirements/Water Treatment 
The simulation shows that harvested volumes of water on the mine will exceed the mine consumption by 
2020. The simulation shows that about 6000m3 /day of water would have to be treated if no additional 
storage is provided on the mine. This treated water can be used to supply freshwater to the mine depending 
on water quality standards. It is possible to decrease the water treatment plant capacity required by 
increasing amount of storage capacity at the mine. Figure 31 shows treatment capacity required versus extra 
storage capacity to maintain the dam with a spilling frequency of less than 1in 50 years as specified by 
regulation 704. 

 
Figure 31: Comparative analysis of simulated treatment versus simulated storage provided 

3.7.5 Simulated water balance  
Figure 32 to Figure 38 show the 10 year predictive water balances for the mine  

 Year 2010 to 2020(average , wet and dry) 

 Year 2020 to 2030(average , wet and dry) 

 Year 2030 to 2040(average , wet and dry)
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Figure 32: Mean Water Balance, Year 2010 to 2020 
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Figure 33: Wet Season Water Balance, Year 2010 to 2020 
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 Figure 34: Dry season Water Balance, Year 2010 to 2020 
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Figure 35: Mean Water Balance, Year 2020 to 2030 
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Figure 36: Wet Season Water Balance, Year 2020 to 2030 
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Figure 37: Dry Season Water Balance, Year 2020 to 2030 
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Figure 38: Mean Water Balance, Year 2030 to 2040 
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Figure 39: Wet Season Water Balance, Year 2030 to 2040 
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Figure 40: Dry season Water Balance, Year 2030 to 2040 
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3.8 Observations and recommendations 
It was observed that: 

 Water make up for the mine was reduced significantly during the later years of the mine, this was based 
largely on the fact that water from the pit increased significantly. If there are any changes to mine plan 
and pit sizes the model should be re-run for correct simulation of water makeup for the mine. 

 The mine requires treatment of excess water from year 2020 to avoid spillages. 

4.0 SALT BALANCE 
The model requires a water quality component to be incorporated into the existing flow component. The 
model will simulate Total dissolved solids (TDS) loads from the system. 

The mass balance approach provides a mechanism for tracking changes of volume of water and specific 
elements in the water system depending on the loads that are flowing between various storage areas. This 
approach provides a good indication of the general water quality in a water system. 

The following assumptions were made 

 The reactions of TDS on biological and physical processes were ignored. 

Table 8 below details the assumed concentrations used in the model calibrations. 

Table 8: Assumed concentrations used for calibration 
Area Concentrations(mg/l) 

Mamba Dam 1700-2100 
Active slimes dam 2200-2800 
Bosbok dam 2000-3000 
WP slimes dam 1200-2200 
Olifantskop dam 2000-3000 
Pit sump 1200-1600 
Pit storage dam 2000-2500 

4.1 Model inputs 
4.2 Elements modelling 
Input Loads were simulated by multiplying the assumed concentrations by the volumes of water generated in 
the water balance for those specific areas. Initial concentrations for pit runoff, freshwater, dry and wet beach 
runoff were assumed based on previous experiences and input in the model. After modelling the indicative 
concentration from the recorded values produced by the mine was input in the model where appropriate. 

However the concentrations at the outflows was simulated using the principle that load in would be equal to 
load out and thus the final concentration at the outflows, C-end, will be   

     
               

         

 

4.3 Results 
The simulation was done for year October 2004 to April 2012 as in the water balance.  

Figure 41 shows the mean annual salt balance computed for the mine. 



 
GROOTEGELUK WATER BALANCE STUDY 

 

October 2012 
Report No. 10613055-11459-2 49  

 

 
Figure 41: Mean Annual Salt Balance
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4.4 Calibration on past records 
After the model was run, it was calibrated against the recorded TDS’s received from the mine. Figure 42 to 
Figure 50 show the simulated and actual values for the various areas. The red and green dots trace the 
recorded values over time, with the blue line indicating simulated values. 
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Figure 42: Monthly simulated versus recorded TDS for concrete dam 
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Figure 43: Monthly simulated versus recorded TDS for Pit Sump 
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Figure 44: Monthly simulated versus recorded TDS for Mamba dam 
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Figure 45: Monthly simulated versus recorded TDS for WP Slimes 
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Figure 46: Monthly simulated versus recorded TDS forGG1 Slurry  
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Figure 47: Monthly simulated versus recorded TDS for Bosbok dam 
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Figure 48: Monthly simulated versus recorded TDS for GG2 Slurry 
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Figure 49: Monthly simulated versus recorded TDS for GG1 Freshwater 
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Figure 50: Monthly simulated versus recorded TDS for GG2 Freshwater 
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From the calibration graphs above it is evident that the model is suitable to predict future TDS concentrations 
in the various areas. 

Components that were calibrated include the components listed below. A comment is provided on the 
calibration in each case: 

 Concentrations in concrete dam (Figure 42): The recorded concentrations were a little higher than 
simulated but fit the trend satisfactorily. 

 Concentrations in fresh water imported into GG1 Process dam (Figure 49) and GG2 Process dam 

(Figure 50) Recorded concentrations received from the mine for freshwater were above what was 
normally expected. 

 TDS Concentrations for  Pit sump (Figure 43):This figure indicates a good fit between recorded and 
simulated values  

 TDS Concentrations for  Mamba Dam (Figure 44): This figure indicates a good fit between recorded 
and simulated values  

 TDS Concentrations for WP Slimes dam (Figure 45): This figure indicates a good fit between 
recorded and simulated values.  

 TDS Concentrations for GG1 (Figure 46) and GG2 slurry (Figure 48); some recorded concentrations 
are unrealistic, since TDS concentrations for slurry are not likely to be below 1000mg/l.  

 TDS Concentrations for Bosbok Dam (Figure 47): This figure indicates a good fit between recorded 
and simulated values.  

4.5 Future simulated model 
The calibrated model was then used to predict the future salt movement over the rest of the life of mine. 

Figure 51 to Figure 53 show the average salt balance for the following years: 

 Year 2010 to 2020 

 Year 2020 to 2030 

 Year 2030 to 2040 
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Figure 51: Salt Balance, Year 2010 to 2020 
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Figure 52: Salt Balance, Year 2020 to 2030 
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Figure 53: Salt Balance, Year 2030 to 2040 
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4.6 Observations and recommendations 
The following observations can be made 

 Recorded TDS concentrations for Freshwater were found to be extremely high as compared to that 
expected for freshwater.  

 Some recorded TDS concentrations were found to be much too low for certain areas like a TDS 
concentration of 23.4mg/l for slurry. 

It is thus recommended that for future data collection measuring devices should be properly calibrated and 
readings should be checked for inconsistencies to enable predictive modelling to be accurate. 

5.0 DECISION SUPPORT SYSTEM (DSS) 
5.1 DSS Development 
The decision support system (DSS) developed is a model interface with multiple dashboards. The model can 
be run using a Goldsim Player freeware. Inputs, simulation settings, running the model and viewing results 
are all controlled via the dashboards. The DSS was developed: 

 To use monitored data and parameters provided by users to run water and salt balance simulations; 

 To understand the mine water system. The dynamic interface allows the user to visualise the various 
flow components of the system; and 

 To simulate various management scenarios and their impacts on the water system. 

5.2 Description of DSS 
The GoldSim Player is a version of GoldSim that allows the model user to view, navigate and run an existing 
GoldSim model. A number of dashboards have been created in the model and saved to the player file. The 
model player file will open to the home dashboard which then redirects the user to subsequent dashboards. 

Monitored values are input in an Excel spread sheet. The rest of the controls are using the Goldsim DSS. 
The DSS dashboards allow the user to: 

 View water reticulation schematics; 

 Change inputs parameters, including simulation settings, physical and operational characteristics of the 
mine; 

 Run the model; 

 View results; and 

 Export static mean water and salt balance for a specified export period to an MS Excel export 
spreadsheet. 

Some screenshots are provided in Figure 54 to illustrate the layout and appearance of the model. This 
version of the model is provided to Grootegeluk as a GoldSim Player file on CD support. 
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Main Home Dashboard 

 

Typical Result Dashboard 

 

Export Spread sheet Interface 

Figure 54: Grootegeluk Water Balance DSS screenshots 

6.0 KNOWLEDGE GAPS AND RECOMMENDATIONS 
The water and salt balance study conducted have allowed the identification of certain key knowledge gaps. 
These knowledge gaps are summarized in Table 9. The list is not exhaustive and highlights the key 
parameters which are critical to be addressed to understand the water balance at Grootegeluk mine. The 
identification focused on key areas affecting the water balance. 
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Table 9: Key knowledge gaps to be addressed by the mine  
Parameter Comment and Recommendations 

Monitoring 
Active slimes dam return  

The return from the tailings dam was monitored until 2007. Significant volumes of water are lost to interstitial storage at the 
tailings dam and these volumes need to be known with good accuracy to understand the water system. The return from the 
tailings dam is not currently being monitored. 

 Return from the tailings dam should be recorded at the concrete dam 

Monitoring 
Pit dewatering 

Pit dewatering is currently not estimated. The model runoff component was calibrated using records of pumping from and to the 
Pit Sump. The calibration was not found to be satisfying at this stage. The Pit Storage Dam receives runoff and groundwater 
seepage from the pit and rehabilitated areas. Volumes of groundwater have not been characterised at this stage. Monitoring of 
the Pit Storage Dam level and dewatering volumes would help understand the contribution and volumes for each of the 
components making up the pit water. 

 Monitor dewatering and Pit Storage Dam levels 

 Survey of the Pit Storage Dam to understand the relate levels of water to volumes of water 

Monitoring 
Water levels 

The water levels in the main storage structures should be monitored in order to understand the variation of storage and to 
obtain better calibration.  

 Monitor levels at Bosbok Dam, Pit Sump, Pit storage dam 

Monitoring 
General 

Some inconsistencies were observed in the raw monitoring data. Monitoring devices should be calibrated and readings should 
be checked for inconsistencies to enable predictive modelling to be accurate and to increase confidence of the various 
stakeholders in the model predictions. 

 Monitoring network should be audited to insure accuracy of measurements  

Input data 
Groundwater 

Groundwater inflows into the pit will vary significantly as the pit extent increases over the life of the mine. The groundwater 
inflows have not been characterised at the time of this study. 

 The model should be re-run when groundwater influx into the pit have been estimated. 

 Better knowledge of the pit inflows through monitoring of the pit storage will help understand the contribution of 
groundwater versus surface water runoff. 

Input data 
Production plan / Rehabilitation plan 

The production plan and rehabilitation plan were not finalised at the time of this study  

 The model should be re-run when the plans are finalised. 
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It is recommended that: 

 The model was run using available data. The mine must continue to populate the input spread sheets 
and the dashboards when the information is received. 

 The model should be re-run when more updated information is received and confidence in the model is 
improved. Management scenarios should be tested to evaluate water management and water 
conservation options. 

7.0 CONCLUSIONS 
The following conclusions and recommendations can be made as a result of this study: 

 A dynamic water balance was created using GoldSim simulation software for the current open pit and 
proposed extensions at Grootegeluk Mine. This model is based on both data provided by the mine, as 
well as consultant experience in terms of modelling catchment runoff and other flows. The Goldsim 
model was calibrated based on process material records and flow monitoring records over the period 
2006-2011;  

 Treatment or/and extra storage capacity will be required by 2020 to cater for excess water. Depending 
on the size of the extra storage capacity, a treatment plant with a capacity up to 6000m3/d would be 
able to cater for the excess. The treatment capacity required can be reduced by building extra water 
storage capacity on site (Figure 31). 

 Meters should be calibrated on a regular basis and measurements accurately recorded. By systematic 
water audit and quantifying water flows at each pumping station, one can carry out water balance with a 
reasonable accuracy. By knowing inflows and outflows, the losses or wastage can be quantified and 
these losses can be optimized by taking appropriate measures. An upgrade and audit of current 
monitoring system to insure reliability of flow, levels and concentration data should be carried out. The 
monitoring network should be extended to increase the knowledge of the mine water system. 

 The model should be rerun when the mine has more details of the future production and rehabilitation 
plan. This is likely to significantly affect the water requirement at the mine. 
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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 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 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. 

 

GOLDER ASSOCIATES AFRICA (PTY) LTD 

 

g:\projects\13055 - emp consolidation for grootegeluk mine\4_reports\10613055_surface_water\10613055_app_a.docx 



 

 

 

 

Golder Associates Africa (Pty) Ltd. 
PO Box 6001 
Halfway House, 1685 
Thandanani Park 
Matuka Close 
Halfway Gardens 
Midrand 
South Africa 
T: [+27] (11) 254 4800 

Caption Text 

 
 



7

POWERING POSSIBILITY

/

\
\
\

,n\

lr

It' > 4-

il

7

I

L.,

ffi
E

q 7
B

I

r o

A Pre-Feasibility Study

Grootegeluk lntegrated
Water Management Study

lntegrated Water and Salt Balance Status Quo Model
Report

Revision:1

2019-12-11

tr

a I

6rt",iqq ;dva4
ofa'lnp



Document prepared by:

Aurecon South Africa (Pty) Ltd

Reg No 19771003711/07

Aurecon Centre
Lynnwood Bridge Office Park
4 Daventry Street
Lynnwood Manor 0081

PO Box 74381
Lynnwood Ridge 0040
South Africa

Document control ourecon
Report title

Document code

File path

Client

Client contact

Rsv Date

0 2019-05-07

1 2019-12-11

Current revision

lntegrated Water and Salt Balance Status Quo Model Report

50377'1 -1 100-REP-JJ-0001 Project number

C:\pw work\civil3d\dms43S 1 1\503771- 1 1oG.REP-JJ-0001 .docx

Exxaro Grootegeluk

C Labuschagne Client reference

Revision details/status Author Reviewer

For Review S. Chambert C Nunes

ForApproval S. Chambert C Nunes

503771

GGX-000184

Verifier

P Cloete

P. Cloete

Approver

F. Lategan

F. Lategan

1

Author signature

Name

Title

Simon Chambert

Waler Resource Engineer

Approver signature

Name

Title

Signature DateName Designation

Document control record

T +27 12 427 2000
F +27 86 556 0521
E tshwane@aurecongroup.com
W aurecongroup,com

A person using Aurecon documents or data accepts the risk of:

a) Using the documents or data in electronic form without requesting and cheding them for accuracy against the original hard copy
version.

b) Using th6 documents or data for any purpose not agreed to in writing by Aurecon.

Francois Lategan

Project [,lanager

Consultant Approval

Client Approval

ProFcr numbe. 503771 Frr. 50321 -1 1 00-REPnJ-000r iina docx 20 r 91 2-1 r Revision 1 a



Sad Enomd . Prq.cls 16/01/20

20/0180SenuC'v|l Ena'neer I nr€q,alon

?0/ot/20S 6n io. Sp€cialisl €nxo^m6nl

25/01/20

27101/20

P rojeci number 503771 F||e503771-1l00REP.l.l000lfinadocx201912llRevisonll.

Fadrd.e SwEDal

chdes Folrn.rd l-rct@



Glossary

Aluminium

Acid Mine Drainage

Australian Water Balance Model

Bankable Feasibility Study (also referred to as FEL 3)

Pr+Ieasibility Study

Feasibility Study (Bankable)

Grootegeluk Complex lntegrated Mine Water Management Project

Regulation 704 of the National water Act (Act 36 of 1998)

lntegrated Water Use License

AMD

AWBI\,,I

BFS

c&r Control and lnstrumentation

Ca Calcium

Chloride

Chemicaloxygen demandCOD

Dust Suppression Water used to suppress dust

DWS Department of Water and Sanitation

EMP Environmental [,lanagement Plan

Fire Water Water used to suppress or extinguish a fire

F Fluoride

Fe Iron

FEL Front end Loading

FEL 2

FEL 3

GGIWMS

GN7O4

IWI]L

K Potassium

LOM Life of Mine

Mokolo Crocodile River Water Augmentation Project

MFD Mechanical Flow Diagram

Mg Magnesium

Mn Manganese

Nitrogen

Na Sodium

NHr Ammonia

DefinitionTerm

ourecon

cr

MCWAP

N



NOz Nitrite

NO: Nitrate

PFD Process Flow Diaoram

POr Phosphate

Potable Water Water that is deemed safe to drink.

P&ID Piping and lnstrumentation Diagram

RACI Responsible, Accountable, Consulted and lnformed

RFI Requesl for lnformation

SOl Sulphate

the Project GGlWiis i Grootegeluk lntegrated Water Management Strategy

the Report lntegrated Water and Salt Balance Status Quo Model Report - Part 1 of 3 (calibration

model)

TDS Total Dissolved Solids

Wash Water This is water that is utilised for washing ot plant area and / or vehicles. This does not
include the water to be used in any washing of coal processes

Water Use Licence
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1 lntroduction

1.1 Background
Water is an indispensable asset that plays a vital role in the mining activities at Grootegeluk. The mine is

facing challenges of simultaneously meeting water quantity and quality to secure production while having to

manage excess water during the rainy season. Both water quantity and quality must be managed as one

integrated system to achieve these multiple objectives. lt is particularly challenging in the situation when

surface water and groundwater are already highly allocated in South Africa.

Better mine water management strategies are needed to increase water security (reduce raw water use,

increase water use efficiency) and eliminate environmental influences as a condition for securing mining
production. As part of the Exxaro Grootegeluk lntegrated Water Management Strategy project, an lntegrated

Water and Salt Balance Model is required.

The water balance model forms the platform for determining critical infrastructure projects on the mine for the
current water management situation, as well as future expansion pro.iects and compliance with the XX-ENV-

ST-002 Water l\,lanagement Standard for Exxaro. Aurecon contracted l\4acroscopia Labs (Macroscopia) io
develop a water and salt balance model that would better inform the evaluation of various interventions

options.

This report summarises the baseline study canied out for the development of the water and salt balance

model.

1.2 Study objectives
The overall project aims to provide Grootegeluk Mine with an improved water management strategy

considering the legal, technical and financial aspects of the different options to be investigated. The objective

of the Prefeasibility Study (FEL 2) is to select the best go-forward case from various alternatives to improve

water management.

The objective of the baseline study is to befter inform the design team on the status oI the current water
system. The objectives of this baseline study are therefore to:

. To collect and collate all available information necessary for the development of the water and salt
balance;

r To develop, calibrate and validate a water and salt balance model of the integrated mine waler system;
and

I To simulato the historical waler and salt balance.

1.3 This report
This Report is the first part of three of the lntegrated Water and Salt Balance Model Reports structured as

follows:

. Part 1 of 3 - Status quo model (this Report) - All aspects of the model up to the calibration of the model.

. Part 2 of 3 - Baseline model - The addition of future variables used to simulate future water patterns.

. Part 3 of 3 - Scenario model- The addition of potential future changes test various future scenarios. This
will be incorporated into the Options ldentification Report.
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1.4 Methodology
A modelling approach was selected as part of this study. A schematic description of the overall modelling

approach is provided in Figure 2.

During the initial information gathering phase, several workshops (see Figure 1), as well as non-structured

interviews, were conducted with Grootegeluk statf. These discussions were open-ended questions to collect

the information necessary to build the water and sall balance model.

d
Figure I - Pictures trom the Water balance input workshop

GoldSim software was used to develop a site water balance model to simulate the water system throughout
the life of the mine, Goldsim is a simulation software widely used in the mining industry for mine site water

balance studies. The model is a physically-based model that includes the site layout, detailed facilities (all

catchments, storages, reticulation and pumps), operations, and physical processes (generation, collection,
storage, distribution, dissipation, and release of water) within the mine waler circuit.

The model developed is a simplified representation of the existing Grootegeluk mine water system. The model
reflects the features and characteristics of the system that have significance and relevance to the goal stated
in 1.2 Study objectives . lt is to be noted that a model, being a representation and a working hypothesis of a
more complex system, contains adequate but less information than the system it represents. lt utilises data of
a variety of types, sources and accuracy, and cannot be expected to be a precise accounting of water supply
and use, nor can it be expected to be a complete description of a surface and groundwaler system. The
quantities associated with each component and the summary quantities of supply and use of surface and
groundwater are their estimates of their magnitude. An interactive interface was also developed. The user
inlerface developed allows Exxaro and Aurecon teams to evaluate the impact of different combinations of
interventions.

The model developed during this study is in Version '1.0 of the development. Further knowledge gained during
this project should be used to refine and maintain the model and increase tuture confidence in the model
outputs. Knowledge gaps were identified during this study and the model will need to be refined in the future
to dealwith the identified knowledge gaps.
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Figure 2 " Water balance modelllng process

ln the following sections, a logical approach lo the model development process is presented, identifying lhe
various tasks involved in each of the steps. The approach used was as follow:

. Review available data and possible analysis. Chapter 2 and Chapter 3 present the overall system
description and the collation and analysis of available information respectively.

. Design and dcvelopmont of th6 model. Chapter 4 presents the assumptions and conceplual descriplion
of the model.

. Simulation runs. Chapler 5 presents the result of the model simulations for the calibration and sensitivity
analysis respectively.
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2 System description

2.1 Project location
The Grootegeluk Coal Mine is an open cast coal mine within the Waterberg Coalfield of the Limpopo province

of South Africa. The mine is located 25 km from Lephalale (Latitude 23.663 S; Longilude 27.545 E) as shown
in Figure 3.

Figure 3 - Grootegeluk locality map

2.2 Current system

2.2.1 Water system description
Figure 4 shows the map of the general mine arrangement and Figure 5 shows the detailed process flow
diagram representing all the existing water circuits on the mine in January 2019.
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Figure 5 shows a detailed representation of the various connections within the system. A simplified

representation of the system is presented in Figure 6 and will be used for representation purposes in this

report.

Legend

-- Rawwater System

- 

PitDewatering System

- 

Reuse Water System

- 

Rerycled Water System

Slimes Complex

External Suppty
(Mokolo)

Bosbok Oam

Treated Seu/a ge

t'E1

Other Demands

Borehole Water

O
N l Channel
(Ptont RunofJ ond Losses)

+

Borehole Water

1l Sump

q
Dust Suppression

SeepaBe

opEn Plt

@
:::

ll'l|J,lt

Figure 6. Conceptual process flow diagram (2019)

The "Slimes Complex'shown in Figure 6 corresponds to the various components shown in Figure 7.
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Figure 7 - Conceptual proqess flow diagram of the "Slimes complex"

A brief description of the system is given below. The mine water system consists of the following components:

. Pit Dewatering System

- Open Pit: the pit section generates water through runoff and recharges through the backfill and rehab
area. lt also receives seepage from the Bench 11 sump. Previous studies have concluded that no direct
groundwater ingress reports to lhe pit.

- Bench l3 Pit Sump: The Pit Sump receives water from the pit runoff, backfill recharge and seepage
from Bench 11 sump. Water accumulated in the sump is then pumped back to surface level at the plant

or for dust suppression. The sump is required to 'move' as mining advances, and new pit sumps are
blasted. The sump is usually constructed between the bottom of Bench 13 (bottom sump elevation) and
the bottom of Bench 11 (crest sump elevations).

- Bench 11 Sump: Bench '1 'l Sump receives water lrom the N1 channel and direct catchment runoff.
The Nl channel drains the plant overflows and runoff from some of the plants catchment area. Water
does not seem to accumulate in Bench 1 1 Sump, and it has been reporled that a large portion of the
water seeps through the backfill and into the main pit. A hydrogeological study to characterise the
seepage volumes is being carried at the time of writing this report.

. Reuse Water System

- SlimesDaml&2: The Slimes Dam receives slurry streams from GG7-8and historically from GG1-6.
The sluny from lhe plants is disposed of at the slimes dam- Excess water is pumped through a barge
pump into the Cement Dam. Seepage from the dam is collected through a deep trench located South
East of the dam and pumped back into the Mamba dam.

- Cyclic Ponds and RWDS: The Cyclic Ponds receives slurry from GG1-6. There is only one cyclic pond

active at a time (out of four). The slurry has been priorly filter pressed to reduce its moisture conlent

Etr
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and recover water at the plant. Seepage and runoff from the cyclic ponds are collected through a trench

into the Return Water Dams (RWDS). Water from the RWDS is pumped into the Cement Dam.

- Cement Dam and Mamba Dam: The Cement Dam receives return water from the Slimes Dam 1& 2

and the cyclic ponds RWDS, Water from the Cement Dam is pumped directly to GG1 orland to Bosbok

Dam. The capacity of the Cement Dam is small, and it can overflow into the l\4amba Dam through a

pipe connecting both dams.

- Bosbok Dam: Bosbok Oam provides additional storage for return water. lt receives water from the

Cement Dam and some of the runoff from the plant area. Water is first discharged into a silt trap where

some of the suspended solids settle down, and water overflows into the dam. Return water can then be

pumped either to GG1 or GG2.

Plant Area

- GGl-O Plant Area (includes GGl, GG2, GG3, GG4, GGs, GG6): The recovered ',Yater dam is supplied

by some of the dewatering boreholes and water pumped from the Pit Sump. This dam can be topped

up with raw water supplied from the Mokolo Dam. The clarified water dam receives return water from

Bosbok Dam and Cement Dam. Water is mostly used in the plant for Relative Density (RD) conkoi,

flocculation and washing. Some of the water is pumped to lhe CHAR Plant.

- GG7-E Plant Area (includes GG7, GG8, GG10): The recovered water dam is supplied by some of the

dewatering boreholes and water pumped from the Pit Sump. This dam can be topped up with raw water

supplied from the Mokolo Dam. The clarified water dam is fed by water pumped from lhe Pit Sump and

is topped up with raw water supplied from the Mokolo Dam.

- CHAR Plant: The CHAR Plant Dam receives some of its water from GG 1, GG2 plant and raw water

from the Mokolo Dam. lt is currently inactive. Some of the water is lost through the cooling system.

Prolocl .umb.r 503771 Fll. 503771n 100-REPnJ-0001 Jinal.docx 2019-12'1 1 R4'.i61ag

2.2.2 Mine water operating philosophy

The current overall mine water philosophy can be summarised as:

r The mine requires water for:

- Running of beneficiation plants

- Dust suppression, supplied by filling points

- Other minor demands, supplied by Mokolo raw water

r Water is supplied to the beneficiation plants in order of priority:

1 . Borehole water, this is a continuous inflow into the recovered dams at the various beneliciation plants

2. WWTW treated sewage; this is a continuous inflow into GG'l recovered dam

3. Pit Dewatering, this is switched onioff manually by the Water Services team. The decision on pumping

is mainly driven by management of water ain the pit.

4. Bosbok dam, this is switched on/off manually in the control room. A trigger is provided to the control

room when the Bosbok level is above 80% in the dry season i 60% during the wet season. The decision

to switch pumping on/off is human-driven and mainly driven by management of the Bosbok dam level.

5. Mokolo Water, this is switched on/off manually by the Water Services team. Pumplng occurs to top-up

the recovered water dam.



2.2.3 Currentmanagementchallenges
As part of the various workshops that were conducted during this study, lhe following key challenges were

reported by personnel at the mine. This list is non-exhaustive and is given below (without any priority order):

. Current volumes in the pit sump are too high. Since early 2013, the pit sump has been full and overflowing.

The pit sump is located alongside the backfill face, and this renders difficult both the progression of mining

and the backtilling- Currently, there is no buffer storage available on the surface to store excess volume

inside the pit, and the quality of the pit sump waler is not always suitable for the plant to take additional

water.

r The quality of the water at the pit sump is very acidic and is currently treated through lime dosing.

r There is significant volumes of water leaving the plant water system, some of which is captured back into

the N1 channel:

- There are significant overflows to the plant water system due to the pit dewatering syslem. The pit

dewatering infrastructure currently does not allow for precise control of the flow which leads to overflow

of the recovered dams at the planls when the pit dewatering is on. These overflows are recovered and

report to the N'l channel.

- Additional overflows of the clarifier dams occur. These spills often occur when the plant is switched off
and water within the plant circuit gravitates back into the clarifier dams. These overflows are recovered

within the N'l channel.

- Washing is managed within the plant system and water is recovered through a network of sumps and

pumps. Some losses occur here through evaporation. While most ofthe washing occurs within bunded

areas, there are some portions that remain unbunded.

The GG7-8 plant does not perform as well as initially designed. lt was initially designed to have a zero flow
effluent.

r There is a potential overuse of raw water supply at the plants. The raw water supply is used in the plant

both to make up the demand and to allow for the dilution of water and improvement of water quality. There
were concerns raised during the workshops that too much raw water is currently brought into the system. lt

should be noted that the mine currently uses less water than its annual allocation. There is little direct
incentive by the plant personnel to reduce its raw water consumption as the mine pays for its total annual

allocation and not for reduced actual consumption.

. The silt levels across the system are reported to be high and is a significant concern for operations and
maintenance of the system (not addressed in this study, see engineering reports)

r Concems were raised on the sourcing of water in lhe future and as the mining progresses.

t Concerns were raised with the environmental compliance of lhe system (volumes stored, stormwater
management, water quality compliance).
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3 lnformation analysis

3.1.1 Precipitation

TheWater Research Commission provides regional hydrological variables (WRC,2015). Grootegeluk Colliery
is located within quaternary catchment A42J, and according to their most recent studies, the mean annual
precipitation (MAP) within this catchment is estimated to be around 430 mm per annum.

Rainfall ala from several stations in the vicinity of the mine were collected, evaluated and analysed.
Characteristics of the analysed rainfall stations are presented in Table 1. The various stations evaluated are:

r The Grootfontein station was selected based on its close proximity to the study area. However, it does not
have a very reliable record as most of the data is patched from adjacent stations.

r The Sterkfontein station is located at a 30 km distance but has a consistent record.

r The mine has its own rainfall station which has been operating from '1988 to date,

Table 'l - Characteristics of lhe analysed rainfall stations

Name G rootfo nte in Sterkfontein Local Station

SAWS Station #

Yrs

Reliable

Patched

Longitude

Latitude

Distance (km)

MAP

0674100W

1s38-2000 (62)

36%

640/o

27.567

23.667

1,7

450

0674?O7W

1938-2000 (62)

970k

3o/o

27.634

23.951

32.5

462

N/A

1988-2019 (29)

99%

*

On-Site

On-Site

0

M8

Statistics across each of the stations correlated well. Due to its proximity and sufficient length of the record,
the data from the local rainfall station is used in this study.

The dry season lasts approximately five months and occurs between May and September, a period when less
than 570 ot the annual precipitation occurs. The wet season starls in October to end in April. Data recorded on
site shows that the site receives an average of 448 mm/annum with 50% of the years receiving between
350 mm/annum and 590 mm/annum. A dry year ranges between 200 mm/annum and 285 mm/annum and a
wet year ranges between 700 mm/annum and 960 mm/annum.
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Annual 24hr rainfall peaks were extracted from the record and analysed to assess the recurrence interval of
storm events. Storm rainfall peaks are presented in Table 2.

Table 2 - Estimated 24 hr storm rainfall for differenl recunence intervals

Rainfall Oepth (mm/d) 61 87 104 't23 155 totl 197

3.1.2 Evaporation

The mean annual Symons-pan evaporation (MAE) Ior quaternary catchment A42J (WRC, 2015), within which
the mine is located, is estimated to be averaging 1 950 mm (WR90). Mean monthly evaporation values for lhis
catchment are presented in Table 3.

Table 3 . Mean monthly S-Pan evaporation lor catchment A42J

Figure 8 - Cumulative distribution of annual
precipitation (site raintall station)

Average evaporation
(mm/month)

Figure I - Boxplot of monthly precipitation (site rainlall
stalion)

Daily Evaporation from within the A42G adjacent catchment was obtained from the Department of Water
Affairs (DWA). The station 0674 388 D (also known as 44E007) is located approximately 30km away from the
mine (Lat -23'58'Long 27"43') and has been monitoring evaporation since 1977. Annual and monthly
statistics of the local evaporation are presented in Figure 10 and Figure 1'l respeclively. Statistical records
show that 50% of the years have between 1 920 mm/annum and 2 130 mm/annum of S-Pan evaporation. lt
should be noted that the MAE is about four times higher than the local MAP in the vicinity of the mine.

186 226 210 210 209 174 165 129 110 9'r 102 137 1950

I
I
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Figure 10 - C umulative distribution of historical annual Figure 11 - Boxplot of monthly S-Pan evaporation
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Catchment factors for catchment A42J are used to convert S-Pan evaporation into Potential Lake Evaporation
and Potential Catchment Evapotranspiration. The factors are provided in Table 4.

Table 4 - Evaporation taclors

Lake Factor
Catchment Factor

0.81

0.8

0.82

1

0.84

I

0.88

1

0.83

1

0.88

1

0.88

1

0.87

1 1

0.83

0.8

212.1 ha

440.3 ha

13'1.7 ha

0.81

0.8

0.81

0.8

3.2 Areas

3.2.1 Plant stormwater

IIT

I

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

Catchment Area
(Status Quo)

Reports to
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This study addresses the management of the stormwater volumes but does not directly address the
management of sediments. Sediment control is an integral part of an effective dirty water containment system.
Dirty runoff from mine workings, discard dumps and stockpile areas contain coal residue, silt and sediment
that can cause silting up of canals and pollution control dams. At the time of writing this report, a stormwater
management study is currently canied out that will directly address sedimentation issues.

Figure 12 shows the plant stormwater catchments for the status quo. A summary of the catchment areas is
provided in Table 5.

Table 5 - Plant stormwater catchment areas

Month



Figure l2 - Plant dirty water harvested areas

3.3 Production

3.3.1 Overview

Daily monitoring records for the beneficiation plants stream tonnages ranging from 201 1-2018 were collated
and analysed. This data together with their associated moislure content were used to carry oul a preliminary

assessment of the theoretical plant water demand (i.e. excluding losses).

ln this study, note that the beneficiation plants that share water in common were, when necessary,
compounded into a single plant and will be referred to in this report as:

i GGI-6 - includes GG1 , GG2, GG3, GG4, GGs, GGo

r GG7-E - includes GG7, GG8, GG10

3.3.2 Tonnages

ROM

The monthly average ROM tonnages for each beneficiation plants are presented in Figure 13, and the range
of daily values is shown in Figure 14. The records show that the RO[4 production is relatively steady for all
plants except for GG7-8 which has been ramping up its production since its commissioning in 2013. This data
was used as input to the model,
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Figure 13 - Monthlyaveraged ROM historical tonnages
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Figure '14 - Boxplot of plant ROM historical daily
tonnage (2016-2018)

Product

The average monthly Product is presented in Figure 15 and the range of daily values is shown in Figure 16.

This data was used as input to the model.
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The ratio of daily product tonnage versus ROIVI tonnage was estimated and is shown in Figure 17. This
information is used in the model to calculate the estimated product tonnages in the future based on ROI\4
production.
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Slimes

Slimes production for the combined GG1-6 and GG7-8 were provided and analysed. Note that there are 2
destinations possible for the slimes from GG1-6. lt can either go to the cyclic ponds or to Slimes Dam 'l & 2

The recorded slimes tonnages are shown in Figure 18.
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Figure l8 - Recorded slimes daily dry tonnages

The ratio of daily slimes tonnage vs ROI\4 tonnage was estimated and is presented in Figure 19 and Figure 20
for GG1-6 and GG7-8 respectively- This data serves to estimate the tonnage of produced slimes in the future
based on a projected ROM tonnage.
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Discard

The discard tonnages were estimated doing a mass balance based on the recorded tonnages of ROM,

Product and Slimes and is calculated as follows:

Discard Tonnage = ROM Tonnage - Product Tonnage - Slilr.es Tonno.ge

The estimated tonnages of discard are presenled in Figure 21 and the range of values is presented in
Figure 22.
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3.3.3 Moisture content

ROM, Product and Discard are sampled every month where their massic moisture contents are estimated.
Averages for each of the streams was supplied by the mine and are presented in Table 6. The average
specific gravity of the coal was given as 1.7.
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Table 6 - Massic moisture content of the various beneficiation streams

Massic lvloisture
ContentPlant Stream

AI

GG1.6

GG1 , GG6

GG3

GG7-8

GG1-6

GG7.8

RON,4

Power Station Coal (PSC)

Semi-Soft Coking Coal (SSCC)

Product

Product

Product

Discard

Discard

10%

200/.

18%

1.3

1.2

1.1

1.05

The slimes relative densities are monitored in real-time at the mine, but their average daily values are not
recorded into any summary spreadsheets. The historian of the database keeps a record of the last six months
and the record of relative density for the period July 2018 to January 20'l g was used to assess the range of
relative density. The record provided was at a 5 min timestep, and it was extrapolated into daily timesteps.
The historical daily averaged relative densities are shown in Figure 21 and their ranges in Figure 22. The
range of relative density was used as an input distribution to the model.
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Figure 23 - Daily averaged slimes relative density

3.3.4 Theoretical plant water demand

Theoretical plant water demand is here dellned as the amount of waler that the plant would require if there
were no losses within the system. Losses are here defined as any water that leaves the plant water system
(i.e. wash water evaporation and overflows). The theoretical water demand is therefore indicative of the very
minimum water demand for the plants should there be no losses to the plant water system.

There are effectively losses across the plant system but these are estimated as part of the integrated model
calibration when comparing theoretical demand and actual flows. For the analysis of the actual water demand,
refer to the calibration chapter in section 5.1.

Each of the water flows was eslimated using their tonnages and associated moisture contents. The theoretical
water demand corresponds to the water leaving the plant system (product, discard and slimes) minus the
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water entering the system (ROM). The moisture in the ROM correspond to "air dried moisture of the coal that
occurs in the microscopic structure of the coal, generally fllling pores, but not visible in large fractures.

The following equation was used to determine the theoretical plant water demand.

Theorettcal W oter Demand = (Product Water + SlimesWater + Discard. Water) - ROM Water

The theoretical water flows for plant GG1-6 are presented in Figure 25 and Figure 26 for inflows and outflows
respectively. Theoretical water flows for planl GG7-8 are shown in Figure 27 and Figure 28 for inflows and
outf lows respectively.
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The overall theoretical plant water demand is shown in Figure 29 and the theoretical water efficiency in
Figure 30 . Theoretical Water efficiency is here defined as the amount of water required per unit of production
(ROM) and excluding losses.
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3.4.1 Overview

There is an extensive network of flow meters at the mine. Flows are recorded either at daily and/or monthly
frequency (see Appendix B for the complele set of records). Note that a flow meter calibration study was
being carried out at the time of writing this report. All available flow meter locations are indicated on the water
PFD in Figure 5.

The following sections summarise the key historical flow meter data at Grootegeluk Mine.

3.4.2 Raw water supply

There are 3 main meters that measure the raw water supply to the system, namely:

r R151 - Monthly monitoring of total raw water supply to GG7-8 (Figure 33 and Figure 34)

r R50 - Monthly monitoring of total raw water supply to GG1-6 (Figure 31 and Figure 32)

r Exxaro East - Monthly monitoring of total l\4okolo water entering the mine water system (Figure 35 and
Figure 36)

Monthly ROM tonnages were used to estimate raw water efficiency. Raw water efficiency is here defined as
lhe amount of raw water supply used by the planusystem per unit of production (ROM tonnage). lt is
expressed in m3ltonne of ROM.

The range of values for the period 2016-2018 are summarised for flows, and raw water efficiencies are
summarised in Figure 37 and Figure 38 respectively. The records show that:

. The total water system requires between 3OO OOO and 415 OOO m3/month of raw water 50% of lhe time and
can peak up to 530 000 m3/monlh.

r GG1-6 is the largest raw water consumer of the two plants with supplies ranging between
120 000 m3/month and 233 000 m3/month 50% of the time. lts consumption peaked up to
347 000 m3/month. However, its raw water intensity is lower than for GG7-8 as it uses between 0.050 and
0.088 m3/tonne of ore processed on average per month for 50% of the time.
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. GG7-8 requires between 123 000 m3/month and 185 000 m3/month for 50% of the time. lts consumption
peaked up to238 000 m3/month. lt uses between 0.073 and 0.'108 m3/tonne ofore processed on average
per month for 50% of the time.
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Figure 32 - Historical GGl.6 plant monlhly raw water
efficiency
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3.4.3 Groundwater

There are a number ol boreholes that abstract water from the aquifer beneath the plant. lt is reported that
90% of the water abstracted is water infiltrated and seeping through the plant area. This percentage was
sourced from Reynie Reyneke, the principal Hydrologist at Exxaro. All the borehole water abstracted is
pumped to the plants. For the purpose of representation, the boreholes were grouped by plant destination as
shown in Table 7.

Table 7 - List of boreholes and their destination

WB 38; WB 39; WB 41i WB 45; WB
46; WB 49; WB 52: WB 53; WB 54;

WB56; WB 59
WB33; WB57

Oestination

List of Boreholes
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Monthly flows and their ranges for the period 2016-2018 are shown in Figure 39 and Figure 40 respectively.
The range of flows for the period 2016-2018 the records show that:

r l\4ost of the groundwater abstracted is sent to GG1-6

. The total monthly groundwater to GG1-6 ranges between 88000 m3i month and 96 000 m3/month for 50%
of the time. lt can be as low as 68 000 m3/month and as high as 122 000 m3/month

. The total monthly groundwater to GG7-8 ranges between 6000 m3/month and 15 000 m3/month.
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Figure 39 -Historical borehole monthly flow to plants

3.4.4 Slimes return

Water from the slime complex can be either directly pumped to GG1 via the Cement Dam (H'132) or via the
Bosbok Dam (H 133 & H 135). There are concerns over the quality of the records (H132 & H 134) as the values
are quite low, and these flow meters are due for calibration.

Figure 41 and Figure 42 shows the combined historical flow and the range of monthly flows over the period
2016-2018. Records show lhat the monthly flow varies between 20 000 m3/month and 110 000 m3/month.
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3.4.5 Pit sump dewatering

Water pumped from the pit sump is recorded at flow meter H'130. Figure 43 and Figure 44 shows the
combined historical flow and the range of monthly flows over the period 2016-2018. Records show that the
monthly flow varies between 470 000 m3/month and 631 000 m3/month 50o/o of the time. Maximum flow
recorded peak at 675 000 m3/month and was as low as 248 000 m3/month.
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Figure 43 -Historical pit sump dewatering monthly flow
to plants
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Figure 44 - Boxplot of monthly pit sump dewatering
(2016-2018)

3.4.6 N1 Channel

The N1 channel is monitored via a level logger in the stormwater channel that conveys water to the Bench 11

sump, Water going through that channel originates both from the plant catchment runoff and from the
overflows at the plant. It is therefore a critical point to estimate overflows that occur at the plant,
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The level logger records a level which is lhen lransformed into a flow using an empirical equation defined
during the process of calibration. Historical data dated back from August 2016 but a new calibration was done
in July 2017 which changed considerably the flows that were recorded. Flows before calibration were much
smaller than post calibration.

ln order not to lose this one year of critical record, a transformation pre-calibration was applied to the record.
The average and standard deviation from the period mid-July-Sep 2018 was compared with the same
statistics May"mid-July 2018. Both samples of the records are during the rainy season, and therefore it is

likely that their range and magnitude should be similar. A regression analysis was carried out to be able to
transform the data pre-calibration.

Figure 45 and Figure 46 shows the historical flow and the range of monthly flows over the petiod 2016-2018.
These values should be considered with caution. Records show that lhe monthly flow through the N1 channel
varies between 460 000 m3/month and 547 000 m3/month during 50% ofthe time, lVlaximum flow recorded
peak at 583 000 m3/month and was as low as 340 000 m3/month.

Month

Figure 45 -Historical pit sump dewatering monthlyflow
to plants
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Figure 46 - Boxplot of monthly pit aump dewatering
(2016-2018)
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Dust suppression

There are two abstraction points for dusl suppression, namely:

Oust Suppression Road- located outside the pit and recorded at H67

Dust Suppression Pit Snorkel - this snorkel has been commissioned since the end ol 2018, and no

data is cunently recorded there. Mining department has indicated that its consumption averages
90 000 m3imonth. ln the absence of data, this projection was used for future demands at this point.

Figurc 47 and Figure 48 shows the historical flow and the range of monthly flows over the period 2016-2018
for H67. Historical monthly flows vary between 86 000 m3/month and 108 000 m3i month for 50% of the time.
The maximum monthly flow peaked up to 142 000 m3/month and as low as 52 000 m3/month.
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3.4.7 Other water demands

Other demands

A list of other meters that form part of other small demands for raw water is here combined for analysis,
namely:

. R 128 - includes Wild Suiping

r R104 - includes Washbay

. R73 - includes Main Offices

r R37 - includes Kidney Beds, Discard Dumps

r R77 - includes Ditholong, Service Station, Green Area Parking, Voeltlie Dam, Wild Suiping

r R66 - includes CHAR beddens

. CHAR Snorkel 2

Figure 49 and Figure 50 shows the historical flow and the range of monlhly flows over the period 2016-2018
Historical monthly flows vary between 36 000 m3/month and 53 000 m3imonth with peaks up to
88 000 m3/month.

Proj.ct numb.r 503771 r11e503771-1100-REP-JJ-0001fnaldocx2019-12-11 Revisron l a26



120,000

1m,000

a 80,000

o
€ oqoo
E
j 40,mO
o
G

20,@o

1m,000

90,m0

8qm0

70 tno

50,000

50,m0

4qm0

30,mo

20 m0

1o,mo

o
Other Demands

Figure 49 -Historical other demands monthly flow (H67) Figure 50 - Boxplot of other demands monthly flows
(2016-2018)

3.4.8 Summary

Avisual summaryof the critical monitoring monthly flow ranges recorded between 2016-2018 isshown in

Figure 5'1.

The schematics gives a broad overview of the flows across the system based solely on the monitoring
records. Each monitoring record is here plotted as a boxplot with a scale ranging from 0 to 800 000 m3/month.

The plot gives a visual representation of the proportions, the magnitude and variability of the key flows
recorded across the system.
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3.5.1 Storage characteristics

Dams

A summary of all the surface storage dams is provided in Table 8. For a detail of the area-storage capacity
relationships, refer to Appendix C.

Table 8 - List ol storage capacities (at spillv{ay level)

Mamba Oam

Cement Dam
Cyclic Pond RWDs
Bosbok Dam
Bosbok Dam Silt Trap
Olifantskop Dam

Total 349 180

3.5.2 Storagemonitoring
The elevation of the surface dams is not cunently recorded- Some monthly data was available prior to 2015,
but the frequency is too low to be able to assess the variation within the storage facilities.

The water elevation of the pit sump is currently measured on a weekly basis. Figure 52 shows the recorded
figures. While the eievation is an essential value for the operators, this elevation should be converted into a
volume for the water balance. An estimate of the volumes stored in the sump was calculated based on the
stage-storage of the pit floor and the results are shown in Figure 53. These results carry significant uncertainty
and should be considered cautiously as there are a number of assumptions made, namely:

. A void ratio of 30% is used in the backfill;

. The assumption was made that the elevation in the backfill is similar to the one in the pit sump; and

. Stage-Storage of the backfill and of the pit sump varies across time (e.9. pit sump moving, sedimentation).

Results show that the volume within the pit has been increasing from approximately 3 Mm3 in 2016 to 6 Mm"
in 2018. The average ingress rate over lhis period was approximately 1 Mm3/annum.
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3.6 Water quality

3.6.1 Parameters selection

The list of water quality parameters chosen, together with the primary reason each one was selected, is as
follows:

i Tolal Dissolved Salts (TDS) - Indication of overall salt concentration in waier.

r Calcium (Ca) - Major cation and scaling component (as CaCO3 and CaSOr), partially removed in pre-

treatment.

. Magnesium (Mg) - Major cation, increased alkalinity demand in pre-treatment, partially removed in pre-
treatment-

r Sodium (Na) - Major cation, requires desalination for removal.

r Potassium (K) - Maior cation, requires desalination for removal.

. Alkalinity (as CaCOe) - Major anion, scaling component (as CaCOr), partially removed in pre-treatment.

t Chloride (Cl) - Major anion, accelerated corrosion even on stainless steels, requires desalination for
removal-

r Sulphate (SO4) - Major anion, scaling component (as CaSOr), partially removed in pre-treatment, may
promote corrosion if anaerobic conditions occur when mixed with water containing residual Chemical
Oxygen Demand (COD) and in extreme cases lead to release of toxic hydrogen sulphide gas with fatality
risk (possibility under MCWAP 2).

r Fluoride (F) - Scaling component (as CaFz) and requires pre-treatment removal before desalination
treatment.

Nitrate and Nitrite (NOr and NOz as N) - Contributes to algal groMh when water stored in open water
bodies, algal groMh may negatively impact flocculant demand, coal plant operations and water treatment
processes as well as add COD to the water.

Ammonia (NHr/NHr as N)- May convert to nitrate and nitrite, not effectively removed by conventional
desalination treatment processes and requires specific pre or post-treatment to remove.

Month

Figure 53 - Estimated volumes of water in the pit
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a Phosphate (POa)- Contributes to algal groMh when water stored in open water bodies, algal groMh may
negatively impact flocculant demand, coal plant operations and water treatment processes as well as add
COD to the water.

lron (Fe) - Can be a major cation in acidic mine water, may interfere with coal plant processes or foul
pipelines, increased alkalinity demand in pre{reatment.

Aluminium (Al) - Can be a major cation in acidic mine water, may interfere with coal plant processes or
foul pipelines, increased alkalinity demand in pre-treatment.

Manganese (Mn) - Can be a major cation in acidic mine waler, may interfere with coal plant processes or
foul pipelines, increased alkalinity demand in pre-treatment.

3.6-2 Water quality data

The mass balance input streams for which water quality data is available are the Mokolo and Potable water
streams. They are assumed to have essentially the same water quality as they are from the same source. For
these the monitored water quality data for the "Control Sample - Tap Water" was used as the input water
quality.

No or limited water quality data is available for the other direct input water streams to the site e.g. pit seepage.
The available water quality data was therefore only used to calibrate the salt load addition in the model, not as
an input stream to the model. The available water quality data was provided in the excelfile "Groolegeluk
Surface Water Data 2010 to Dec 2018.x1s' and was processed as follows:

. The database contains monthly water quality sampling results from 2010 up to end of December 2017,

r The most recent two years of data was used as older data was deemed to not be representative of the
cunent baseline system being modelled. Data from January 2016 to December 2017 was therefore used.
For most sites with continuous monitoring results this resulted in 25 sample points.

. For Olifantskop Dam we were asked to use data for only the last 3 months as previous data was not
representative of normal conditions. Reviewing the data shows that for the January 2016 to December
20'17 period the dam was initially dry, then the water quality remained similar except for September and
October 20'17 when it was cleaner. lt was decided to keep using the data for the full 2-year period.

. Water quality parameters reported as a negative value were assumed to be below the detection limit and
the magnitude of the negative value was assumed to be the detection limit. Exxaro requested that a
positive value of half of the detection limit be used for GoldSim modelling.

. The mean, standard deviation, 5th, 50ih and 95th percentile of the water quality parameters from the 2-year
set of data was determined. The percentiles were plotted on the same graph as the modelled water quality
and used to adjust the calibration of the model.

! Since nitrite is easily converted to nitrate as water passes through the mine's water circuits, the nitrate
nitrogen and nitrite nitrogen analysis results were added together and used as a single nitrate nitrogen
parameter for lhe Goldsim modelling. Ammonia was kept separate from the nitrate and nitrite but it too is
easily conve(ed, by biological activity in the mine water circuits, to nitrite and then nitrate. When simulating
future changed water quality scenarios the total nitrogen must be considered and it must be evaluated from
the perspective that large percentages of the total nitrogen could be present in eilher nitrate or ammonia
form.

Since treatment processes for most of the metals are very similar, and since iron, aluminium and
manganese are typically the main dissolved metals present, it was decided to only model these three
metals in the Goldsim model. Elevated concentrations of any of these metals must be used as an
indication that any of the other dissolved metals not modelled are also likely to be present. The water
treatment process detailed design must therefore consider that other dissolved metals will also be present
in the mine water.

a
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It is also worth noting that the future L4CWAP 2 water quality will replace the current Mokolo Dam water
quality. Since the MCWAP 2 water will contain a large percentage of return flow from sewage treatment
works, it is estimaled that there will be increased salts, nutrients (nitrogen and phosphate) and residual
organics in the water compared to the current l/okolo Dam raw water. lt is also likely that the water may
contain or may be at risk of at times containing elevated concentrations of pathogens that may pose a health
risk to the Exxaro workers that are exposed to the water or water spray.

No specific water quality information for the Future MCWAP 2 water quality is currently available or used in

lhe model.

3.7 Recommendations
The following recommendations are made:

r Data is currently stored within several separate excel spreadsheet which made the collation of data difficult
(e.9. different header names, missing data). lt is recommended that any moniloring data be stored within a
database lo ensure and maintain the integrity of the records over time.

. The naming of the data should follow a proper naming convention to guarantee correct usage.

. All water levels for surface dams should be monitored and data recorded daily. Priority should be given to
the slorage where the most significant flo,{s transit.
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4 lVodel development

4.1 Model description
The objective of the model is to evaluate the risks and vulnerabilities of various waler management scenarios
to better inform the Exxaro team with the selection of options for their water management in the future. The
model should also be able to assisl in concunently meeting the various water management objectives as
stated in Section 1.ZError! Reference source not found.. These objectives are interlinked, and both water
quantity and quality must be managed as one integrated system to achieve multiple objectives.

The model is a water and salt balance continuous stochaslic model, developed using GoldSim simulation
software. GoldSim uses Monte Carlo simulation to assess a system against multiple futures and quantify the
risk associated with different water management scenarios,

The classic water balance approach usually involves the development of a deterministic model in which
respective elements of the mine water cycle are represented by using averaged values of system variables
over simulated time steps. Nlany of these variables are well known in advance and can be reasonably
precisely defined based on monitoring information (see Section 3). However, hydrological processes and planl
processes are often probabilistic by nature and using their averaged values limits the accuracy and
usefulness of the model outputs. Monitoring data gives an incomplete and puzzling account of the past (both
temporally and spatially). lt is therefore only valid, and representative of the system monilored then, and of the
climate sequence that occurred during this period.

The use of a stochastic model allows the completion of the'puzzle" by modelling the different components of
the system that were not monitored. A deterministic model usually does not account for extreme
meteorological events (period of dry/wet spells, storm events) as well as the timing when they occur.
Understanding these extremes and quantifying the likeliness of them occuning is fundamental to meet the
design criteria and constraints that have to be met during the design and approval processes. The modelled
system can lhen be tested against different climatic sequences and be used to quantify the risk of different
events happening (see illustration in Figure 54).

l?'
Past Future

Figure 54 - Stochastic simulation concept

4.2 Model components - Water quantity

4.2.1 Overview
The model is a physically-based model that includes the site layout, detailed facilities (all catchments,
storages, reliculation and pumps), operations, and physical processes (generation, collection, storage,

I,
oao
f
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distribution, dissipation, and release of water) within the mine water circuit. Each of these components also
tracks the salt loads across the system.

The core components of the model include:

r A stochastic monthly rainfall generator model - to generate synthetic sequences of rainfall that are
statistically representative of the local rainfall patterns;

. A catchment model - to simulate runoff and recharge from climate and catchmenl characteristics;

r A pond model - to store and transfer water across the system;

. A beneficiation plant model - to calculate the demands based on production and moisture data;

. A pit model -to simulate the different component of the mine (as a combination of various catchment
models); and

. A treatment plant model - to simulate the treatment process.

The chapters to follow describe the various components of the mine that were modelled.

4.2.2 Stochasticrainfallgenerator
The length of historical rainfall record gives limited information about the risk of floods or droughts with
average recurrence intervals greater than a few decades. Rainfall records only represent one of the possible
rainfall sequences that could have occurred on-sjte. The historical record needed to be extended so that the
system's response could be evaluated against different rainfall sequences. The model includes a stochastic
rainfall generator based on Boughton's model (Boughton W. C., 1999). The model generates multiple
synthetic sequences of rainfall that are statistically representative of the local rainfall at an annual, monthly
and daily level.

The calibrated model was used to generate 2000 years of rainfall. The statistics were compared with the
historical record- Figure 55 shows the calibration of the annual rainfall and the maximum annual daily
generated rainfall (storm events recurrence). For monthly statistics of the calibration, refer to Appendix D.
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Figure 55 - Calibration ot annual and maximum annual daily generated rainfall

4.2.3 Catchment model

The AWB[, catchment water balance model (Boughton & Chiew, 2007; Boughton W. C., '1999; Boughton W
The Australian water balance model, 2004) was used to estimate catchment runoff and recharge volumes.
The AWBM is a non-linear model that assumes:
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r runoff is lowest during periods of low rainfall (because water initially infiltrates into the ground when it

rains); and

r runoff becomes progressively larger with sustained rainfall (because once the ground is saturated with
water, less water inllltrates).

This non-linearity is modelled using a series of conceptual 'buckets", which represent the surface storage
capacity of the catchment. The model calculates surface runoff and baseflow components of streamflow at
daily time steps. lt generates runoff by saturation excess from three surface stores lhat allow for partial area
runoff. When it rains, water conceptually fills the buckets. When the capacity of a bucket is reached, excess
rainfall becomes runoff.

Saturation overland flow is the excess rainfall remaining after the surface storage capacity of a catchment has
been replenished. Thus the amount of abstraction of rainfall depends on the antecedent moisture conditions
of the catchment. At each time step, rainfall is added to each of the surface stores, and evapotranspiration is

subtracted. lf there is any excess from any store, it becomes runoff and is divided between surface runoff and
baseflow. This baseflow can then be divided between groundwater recharge and baseflow. The baseflow
index (BFl) is the fraction of total flow that appears as baseflow.

This model is more complex than the often used SCS model that is limited in its applications. The modelled
surface runoff for the plant area and its workings was compared with the SCS approach and results are
shown in Appendix E. For a deeper comparison of the AWBM model with the SCS model refer to the work of
Yu and Zhu (Yu & Zhu, 2015).
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Figure 56 - Schematics ol the catchment conceptual model

4.2.4 Dam model

GoldSim provides a "Pool" element that calculates addition and withdrawal requests by computation of the
Euler integration method based on specific demands. A schematic showing the process taken into account is
given in Figure 57.
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Figure 57 - Conceptual schematics ot dam component proceases

The inflows to a typical dam element are:

. Runoff from a catchment area (calculated using the catchment model component);

r Pumping inflows; and

r Direct rainfall.

The outputs from a typical dam element are:

. Evaporation from the surface of the dami

. Seepage from the dam floor which is calculated as the product of a seepage rate and the water surface
area in the dam;

. Pumping from the dam which is govemed by the op€rating rule. The operating rules differ to meet local
water demands or to supporl the supply drawn from other dams in the system; and

. Overflow from the dam occurs when the dam is full.

4.2.5 Beneficiation plant model

The water circuits within the beneficialion plant are not included in the water balance model. The coal plant is
treated as a 'black box" in the model (see Figure 58) with the main streams of water into and out of the box
being included in the model. The water requirements of the plant are dependent on the Run of Mine (ROM)
processed in the plant.
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Figure 58 . Streams included in the model lor the coal beneficiataon plant water balance

The inputs to the coal plant are:

t Moisture in the ROM that occurs in the microscopic structure of the coal, generally filling pores ("air-dried
moisture"). The volume of water in the ROM is estimated as the product of the moisture content of the
ROM and the dry mass of the ROM.

i The make-up water into the planl required to run the plant. The make-up water volume is calculated by
undertaking a plant balance (theoretical water demand + plant losses).

The outputs from the coal plant are:

r Production Streams

r The water in the discard and the coal product. The moisture in the coal product and discard is

calculated as the product of the dry mass of the discard and coal product and the moisture contents for
the two streams. The dry mass of discard is calculated as a fraction of the ROM. Note that some of the
water that seeps through the product stockpile is recovered in Bosbok Dam while some of the discard is

sent to the pit and deposited as part of the backfill material.

r The water in the slurry is calculated using the slurry density, the mass of solids in the slurry and the
specific gravity of the coal. The dry mass of the slurry is calculated as the mass of the ROM remaining
after the product and the discard has been subtracted. The equation used in determining the volume of
water in the slurry is:

7 - RDsIu'?r/SG
'strny - ,"r 

(RDshtfiy _ t)pw
Where fsrr-y is lhe volume of water (m3id) in the slurry, M. (tonne/d) is the dry mass ol solids in the
slurry, RDs!!..7 is the density of the slurry, SG is the specific gravity of the solids and pw (tonne/m3) is

the density of water.

Water Outflows that are estimated as part of the calibration process

- Overflows that occurs at the plants.

- Evaporation and seepage
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The element used to model the mine pits, accounts for the changes in the different mining areas over time as
given in the mine plan. The operating opencast mine sections represent a complex dynamic system as far as

the pathways for the flow of water is concerned.

The components and the links between the components used to model the mine pits are shown in Figure 59.
The individual elements and routes are described in the sections below. The model used lor this study is
based on where the detailed mine plan is used to set up a grid system describing the mine sequencing, depth
to floor, volume of storage in backfill material.
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Figure 59 - Schematic showing the components making up the mine pit element

1 . Prestrip area is the area that has been stripped of topsoil and overburden ahead of mining. The stripped
soil is stored for later use in the rehabilitation program. l\rining is uphill. The surface runoff from the
prestripped areas reports to the mine workings area and has to be managed with the runoff from the
mine workings.

2. Workings area which have been stripped of overburden and backfill material. This is the area where the
coal is removed from and includes the areas of the ramps used to access the mine workings. The runoff
from this area reports to the pit sump.

3. Pit sump is the storage area provided in the workings area, where the water entering the workings area,
is stored and pumped out of the pit.

4. Backfill heaps is the backfill material from the current mining strip which has been placed in the
previous mining strip. The runoff and recharge from this area is assumed to report to the mine workings
atea.

5. Levelled backfill areas is the un-rehabilitated spoil areas that have been levelled but as yet not top
soiled. The recharge from the levelled backfill area reports to the floor of the workings and is added to
the volume stored in the backfill slore.

6. Backfill store is the volume of water that can be stored in the backfill. The volume that can be stored in

the back{ill store depends on the floor contours and the porosity of the backfill material. The capacity of
the backfill store varies with the stage of mining.

7. Rehabilitated backfill free draining, where the spoil heaps have been levelled, top soiled and re-
vegetated. The soil cover is generally a combination of overburden and top soil. The recharge through

4.2.6 Pit model

I



the backfill reports to the floor of the mine workings, where it becomes part of the volume stored in the
backfill store.

4.2.7 Treatment plant

The treatment plant is one of the possible scenarios built into the model. lt is modelled as a two-stage process

that includes neutralization and desalination and allows the dilution of the plant water circuit with treated
water. A conceptual schematic diagram of the water treatment plant modelled is shown in Figure 60.

Mixing 0am

Sludge

Brine

Figure 60 - Conceptual schematics of treatment plant

A mixing dam with a storage capacity of four days treatmenl plant capacity is included to blend the waler
upstream of the treatment. Both treatment processes will produce waste discharge streams that will need to
be handled by the mine (quantified but handling not included in the model) namely:

r Sludge stream from the neutralization process - it is assumed that solids sent to sludge at 30% massic
solid content, i.e. for every 30 kg precipitated solids there will be 70 kg water,

. Brine stream from the desalination process - The water recovery for the desalination section can, for now,
be assumed to be 95%, i-e- for everyI00 m3 trealed, 95 m3 is discharged as product at the desalinated
water quality, and the remainder is discharged as a combined brine and sluny, containing the entire salt
load removed from the 95 m3 (after neutralisation) plus what was already in the 5 m3.

4.3 Model components - Water quality

4.3.1 Mass balance

GoldSim has an add-on module called GoldSim Contaminant Transport Module which allows the simulation of
chemical species. The GoldSim Contaminant Transport Module is a mass transport model. A mass transport
model is a mathematical representation of an actual system which can be used to simulate the release,
transport and ultimate fate of mass within the system- The "mass" that is typically sjmulated is thal of chemical
contaminants that have been accidentally released or intentionally disposed of within the system.

Transport pathways represent physical components through which conlaminant species can move and/or be
stored, such as aquifers, lakes, sediments, surface soil compartments, and the atmosphere.

Based on the properties of each pathway, the media in each pathway, the species, and the specified mass
flux links, GoldSim computes the temporally varying concenlrations in each pathway's media, as well as lhe
mass fluxes between pathways. Hence, the fundamental output of a pathway element is a series of vectors
which include:
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r The mass (of each species) in the pathway;

r The concentration (of each species) within each environmental medium in the pathway; and

r The mass flux (of each species) to each of the pathways to which it is connected via mass flux links

A mass balance is calculated for the following components:

r Dam Modeli

r Beneflciation Plant Model; and

r Pit Model

4.3.2 Catchment

An exponential build-up/wash-off model was used for the generation of the pollutant loads from each

catchment. Pollutant mass builds up in the catchment during dry weather and is washed off during wet

weather. A build-up rate is an exponential approach to the maximum build-up possible in the catchment. The
rate of approach to the maximum possible build-up is determined by a build-up rate constant. The rate of
pollutant washed off (Charbeneau & Barrett, 1998) is calculated as:

(W ashof f Coef fictent * Ilnit Hydrologic Y ield)wdsnoff Etponnt ' E'aonencidt Btitctup

The mass of pollutants is tracked in the catchment, and the runoff concentration is computed as the mass flux

divided by the volumetric flow rate, There was no geochemical information available to characterise runoff
loads into the various mine catchments and the build-up and wash off variables were, therefore, levets in the
calibration during the process of calibration.

4.3.3 Treatment plant assumptions and drivers

Silt handling is currently the biggest water quality problem on site, Silt handling will be addressed in the overall
options analysis however, since silt settles and causes various local operational problems in water
conveyance infrastructure, it cannot be effectively modelled in GoldSim. The silt component of lhe various

mine water circuits is therefore not included in the GoldSim model and not modelled in the Water Treatment
Plant.

While modelling future scenarios that include improved site-wide water management, the result may be a
reduction in water losses from the system. A significant reduction in water losses is expected to result in a

reduction in salt load losses from the system. Reduced salt losses from the syslem, while salt load additions

at the coalwash plants and from the Mine's Pit remain steady, or increase, will result in salt concentration
increases in lhe Coal Plant and site-wide water circuits.

At elevated concentrations various sall load constituents may start causing operational problems on the mine.
Water quality related aspects of the water use license and environmental concerns also play a role. This may
require the implementation of water treatment capacity at the mine. The primary drivers that will determine the
requirement for water treatment capacity are the following:

r Environmental impact mitigation,

r Legal and regulatory compliance,

r Protection of site-wido water infrastructure, and coal plant infrastructure in particular, againsl excessive
corrosion or scaling,

r Provision of high-quality water to the flocculant make-up and gland seal water syslems.

4.3.4 Treatment plant modelling

The GoldSim model incorporates a basic Water Treatment Plant model that works as follows
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The make-up water volume requirement for each of the Coal Processing Plants is calculated at each
model time step.

The water quality in each of the Coal Processing Plants is then calculated and compared against a list of
water quality parameter control values that can be set by the user.

The control values should be selected as less than the maximum allowable value for the parameter, with
an acceptable margin of safety lactor, to allow for control around the control value while being below the
maximum allowable concentrations.

These control values should not be significantly exceeded for prolonged periods in order lo limit their
potentially negative impact on the useful life of the coal processing plant equipment.

lf the quality of any of the control values is exceeded, then the amount of water that must be sent to the
Water Treatment Plant and the amount of treated water returned from the Water Treatment Planl, to
provide a blended water quality at the control value, is calculated.

The water treatment plant has a Feed Water Dam to help balance the feed water quality to the treatment
plant over time.

The water treatment process consists of two sections:

a

I

Neutralisation. and

Desalination.

All the water sent to the Water Treatment Plant will be treated by the Neutralisation step while only some of
the water will be treated by the Desalination step, with the neutralisation and desalination blend ratio
dependent on the various limiting water quality parameters and whether they are removed sufticiently by
the neutralisation step or are only removed by the desalination step.

The water quality produced by the neutralisation section of the Water Treatment Plant will reduce calcium,
magnesium, alkalinity, sulphate, phosphate, iron, aluminium and manganese to certain fixed values (only if
exceeded in the feed). The other water quality parameters are not affected.

The water quality produced by the desalination section of the Water Treatment Plant will significantly
reduce all the water quality parameters to well below the control values.

Depending on the sizing of the Water Treatment Planl Capacity, and specifically the sizing selected for the
Neutralisation and Desalination steps, there may be times when the modelled capacity is insufficient and
the control water quality parameter value is exceeded.

The percentage of time that the Water Treatment Plant is able to maintain the water quality below the
maximum allowable water quality is tracked and used as a means to determine an economical sizing for
the Water Treatment Plant capacity.

Furlher water treatment system cost optimisation will be between the Feed Water Oam size and the Water
Treatment Plant size. This may be looked at during the infrastructure design and costing stage of the project.

4.3.5 Treated water quality

A fixed treated water quality is assumed to be coming out of each treatment process. The fixed treated water
quality was determined as follows:

r The mean of the historical Bosbok Dam water quality for the most recent available 2-year period was
concentrated by a factor of 1 .5.

r The concentrated Bosbok Dam water quality was used as input to a simulated high-lime neutralisation pre-
lreatment step and the resulting sloichiometric equilibrium neutralisation treated waler quality determined
using a PHREEQC based geochemical reaction modelling program-

. The above two steps were repeated for the Pit Sump 13 water quality.
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. The simulated neutralisation treatment results for Bosbok Dam and Pit Sump '13 were then averaged out
and an allowance for incomplete reactions due to practical reaction kinetic limitations was added to
determine the Neutralisation treated water quality,

. Note that the neutralisation treatment does not affect the monovalent ions - these will remain in the
neutralisation treated water at the feed quality at which they entered the neutralisation treatment step.

r The feed to the desalination treatment step was based on the Bosbok Dam water quality with the divalent
ions adjusted as per the neutralisation treatment water quality. Note that Calcium was originally modelled
at 550 mg/l out the neutralisation treatment step and its desalination water quality was, due to the small
change, not adjusted after adjusting the neutralisation treated water quality.

r The desalination treatment step was based on a simulated low-pressure brackish water multi-stage
reverse osmosis desalination treatment process, where a certain rejection % of each of the parameters
was assumed as follows:

- 96% rejection of divalent ions,

- 92olo rejection of monovalent ions,

- 90o/o rejection for Alkalinity, Nitrate/nitrile and Ammonia.

r The primary purpose of the desalinalion step is the removal of salinity load and especially monovalent ion
related salinity load from the mine water circuits. There is no specific low TDS treated ,,yater quality
requirement that has to be met by the desalinated water.

. The most cost-effective way to achieve the salinity load removal is using low-pressure brackish water RO
membranes. These membranes do not have the same high salt rejection rate as sea-water RO
membranes but they significantly lower the pressure required and therefore the electrical energy use of the
desalination step. Brackish water RO membranes have the lowest operating cost per salinity load removed
for this application and therefore they were selected.

r The resulting desalination treated water salinity is then the result of the combination of feed water quality
and salt rejection performance of the brackish water RO membranes. Note that the TDS reported in Table
I is the sum of the individual parameters as calculated from the membrane's rejection of the various ions.

. The sall rejection performance was also based on the rejection performance of older membranes as the
salt rejection deteriorates over time as the membranes age. This was done to reflect a realistic long term
average desalination treated water quality in the model as the model output will provide guidance on the
required sizing of the desalination portion of the water treatment plant. Using a slightly lower salt rejection
and therefore a slightly higher treated water TDS resulls in the model giving a slightly conservative
desalination treatment plant capacity sizing requirement, which is considered preferable to an undersized
desalination plant capacily.

ln reality the neutralisation and desalination treated water qualities will vary slightly as the feed water quality
varies but the variation is considered insignificant relative to the sall load removed and the fixed desalination
treated water quality was used in the Goldsim Modei. The treated water qualities are provided in Table 9.

These water qualities are input to the GoldSim Contaminant Transport Module as precipitation limits. The
GoldSim module then aulomatically calculates the mass precipitated together with treated water
concentrations.

Proj.6r numbEr 503771 Erl. 503771-1 100-REP-JJ"0001 fr.al.dB 2019r 2,1 1 Revision 1 a42



Table 9 - Water qualities coming out of the treatment process

Parameters Neutralisation Desalination
TDS

Ca

Mg

Na

K

Alkalinity
ct
so4
F

NO3 & NO2

NH3

PO4

Fe

400 mg/l

400 mg/l

N/A

N/A

30 mgi I

N/A

3000 mg/l

N/A

N/A

N/A

N/A

0.05 mg/l

0,05 mg/l

0.05 mg/l

172.7 mgll

22 mgll

16 mg/l

4.90 mg/l

1 .78 mg/l

3 mg/l

3.66 mg/l

120 mg/l

0.08 mg/l

1.14 mg/l as N

0.08 mg/l as N

0.04 mg/l

0.002 mg/l

0.002 mg/l

0.002 mgi I

Calculated as the sum of other parameters

AI

Mn

4.4 User interface
A user interface was developed so that decision-makers can build their own scenarios and evaluate the
impact on the water system of various combinations of scenario variables. A navigation map of the user
interface is provided in Figure 61. The model has two main sections, namely:

r lnput Section - Users can create their own scenarios as a combination of different variables. and

. Result Section - users can visualize outputs of the simulations across the entire system as well as the
benchmarks.

The model can be run on any computer using the Goldsim Player software (freeware)- A video tutorial has
also been provided which introduces the basic components and functionalities of the model.
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Figure 61i Navigation map of user interface
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5 Baseline simulation

5.1 Model calibration

5.1.1 Calibrationlevers
The model was calibrated. During the calibration process, key variables that have known uncertainty are

changed until the calibration of the florvs and volumes across the entire system matches best.

The key levers for the calibration of the raw water supply are the losses that occur at the plants. These losses

are a mix of spillages, water used lor washing outside bunded areas and evaporation. The resulting average
losses were estimated:

. 0.17 m3/tonne ot ROM at GGl-6; and

r 0.05 m3/tonne of ROM at GG7-8,

The key levers lor the calibration of the pit sump elevation, dewatering flows and N 1 channel levels are the

catchment characteristics and losses at the plant. Table 10 presents the average runoff and recharge of the

calabrated catchments. For a full recap of the AWBM parameters refer to Appendix E.

Table l0 - Catchment calibration characteristics

Plant Area Surface Catchment
P16Stripped

Pit Workings

8.200/.

3.61%

0.81%

0.04yo

0.00%28.260/o I
Backfill
Rehabilitated Backfill

5.1.2 Water balance calibration

The overall system water calibration at the main nodes of the system is presented in Figure 62 below. The

figure shows the range of simulated versus monitored flows when data was available. The chart shows that

the model is well calibrated over the entire system and is capable of replicating the centre as well as the
variability of the flows across the system.

2.02%
1.13%

19.460k

10.31%

Average Runoff ( Average Recharge (

Prolect .omber 503771 Fila503771-1100-REP-,JJ{001fnaldocx2Ol9l2-11 Revsonl a45

Component



Legend

- 

Rawwatca System

- 

PitDewatering Svstem

- 

Reuse wat€r system

- 

Racycled Water System

Slimes Complex

-l

Erternal
E t (r.a"toto)

$"
-rt

GG15

---ir
L I .:

Treated Sewa ge

0
Sorehole Water

l1Sump

Supply

ir
Exxa ro East

Other Oemands

Borehole Water

R50

I Ptont Runoll and Losses )

-

H 130

rrlr
R151

H133;H 5;H132

Nl Cha nn el

r.1 GG78

N1 Channel

Se€pag€

q
Dust Supprassion

lt

Open Pit

Figure 62 - lntegrated system water quantity calibration

The time series together with the range of flows simulated are presented in Figure 63, Figure 64 and Figure
65 for the total raw water supply to the mine (Exxaro East), to GG1-6 (R50) and GG7-8 (R151) respectively.
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The time series of the monthly flows together with the range of simulated flows are presented in Figure 66 and
Figure 67 for the pit dewatering to the plants and the re-used water from Bosbok Dam respectively. Finally,
the calibration of the water level within the Bench '13 sump is shown in Figure 68. lt should be noted that there
is a much higher-level of uncertainty on this variable as the volume estimated within the backfill is uncertain
and the capacity of the pit sump varies considerably over the calibration period.

I

E

E

>
o

a
c
o
E

E

3
-9

-c

o

tl
II

0
r,\o@roFF.@Go@

! o! = u:630lacr@-i-o

nth

N.nlr1tntlrtIrr-J.i+.,rI++-.1
s:eo'ge:3gd

Mo

50

m

,

-rsrr.ar.liiiiiiia-e+,ji*l! ! g p SE r E 98 E :'! E E "a.x'f = E

2m,om

,", I

,0G)

tom
I
I
lr

ll
ll
!l

a

50,m0

0o

Project nuhber aO3771 Fi|. 503771-1100-REP-JJ4001 rna .d@r 2019-12-11 Revision1 447

c
o
E

E

I
E
E

il



80,Om

7m,0(I1

5@,Om

5m,o(n

4m,fin

3mpm

2@,0,@

1m,oq)

0

- 

Simulated

----- Monitored

EE

8m,om

^ 7m,0m

5 5m,oo
E
; soo,o@
E
g 4m,om

*.:o'om
-c
E 20O,0m
o
E rm,om

I
a

I

I

F

c
o
E

E

I
n

co

Figure 66 - Calibration monlhly flow pit dewatering

3m,000 

- 

Simulated

----- Monitored
2 50,000

Month
Figure 67 - Calibration monthly flow bosbok return to plant

- 

simulated

---- Monltored

0

simulated Monitored

5imulated Monitored

l

.rl.r.'l.ll-.rll
! o.o = o

a= E r, tg e r 3

nth

l\rtnmd)+<tni+ltt.tf't'r
EC>!s:3tser3Sd

Mo

o
E

E

_9

->

o

o
E

E

7
-9

o

c
E

E

3I
>

250,Om

2m,om

150,Ofr)

1m,om

50,00

0

ii
I
I

,
I

!,I::o'g,t:3:dS

\jtj
I
I
I
I
I

rol.orDF.F.roEco15, llllll
s:: <*3 r:3

7U

E

.9

-9

B

142

7N
lan15 Apr15 Aug16 Nov16 Mar17 ,un17 Oct17 Feb18 May18 Sep18 Dec18

Month

Flgure 68 - Calibration Bench 13 pit sump

194

792

tq)

788

7y

792

790

788

7M

7U

1a2

7N

7ffir

Simulated Monitored

Projecl humber 503771 FIl. 503771'1 1 m-REP-JJ4001 fna doq 2019-1 2-1 1 Revition 1 a48

20,000

150,0@

1m,(xn

50,mo

0

I



5.1.3 Salt balance calibration

The available water quality data for the internal streams was used to calibrate the salt load addition at each of
the points in the model where salt loads are added, in order to get the model to produce a range of calculated

water quality that is within the measured range for each point. The Bosbok Dam was selected as the primary

or central water quality calibration point. The salt load addition is linked to the Run of [/ine (RO[/) production

rate. For the modelling of the fulure scenarios the salt load per ROM ton is kept at the calibrated values and

its impact on the water quality modelled.

An overview of the TDS calibration is shown in Figure 69. For calibration of the entire set of species modelled,

refer to Appendix F.
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5.1.4 Historical Water Balance

The integrated annual water balance for the hydrological yeat 201612017 and 2017120'18 are shown in

Figure 70 and Figure 71, respectively. Note lhat during 201612017, the mine received approximately 477

mm/annum of rainfall while 201712018 received approximately 375 mm/annum.
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Figure 70 - Historical annual water balance (2016-2017)
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5.1.5 Historical TDS Salt Balance

The integrated annual TDS salt balances for hydrological year 20161?017 and201712018 are shown in

Figure 72 and Figure 73, respectively. The schematics show the main load transfers across the system-
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6 Conclusions

The water and salt balance model forms the platform for determining critical infrastructure projects on the
mine for the current water management situation, as well as future expansion projects. During this study, a

water and salt balance model was developed and calibrated. This model will be the basis onto which future
options can be evaluated.

lnformation and monitoring records were collated for the period 2011-2018. Monitoring data for the Mokolo
water show that the mine is using on average between 300000 and 415000 m3/month with peaks up to
430000 m3/month. The largest source of water within the mine is from the pit sump dewatering which
supplies between 470000 m3/month and 630000 m3/month. The records show that there are significant
overflows from the plant which report into the N1 Channel (which discharge into Bench 11 sump and seep
into the Pit Sump). Some critical knowledge gaps exist regarding lhe overflows that occur at the plant and
some of the plant inflows. These gaps should be addressed and the model re-calibrated in the feasibility
study.

A model was developed to simulate water quantity and quality across the mine system at Grootegeluk
Colliery. The modelwas calibrated against monitored flows over the period 2011-2018 and calibrated
relatively well across the entire syslem. The current model is capable of simulating the water flows and
quality across the system. A Goldsim Player model with an interactive user interface was developed and
allow users to run the model independently.

The model will be upgraded in the next phase of the study to be able to evaluate combinations of options in

the future and evaluate their impact onto the system.
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Table 1 shows the full list of flow meter variables that were investigated as part of this study. Some

of the variables are recorded daily and/or monthly. The period of records collected and dated back

from 2011 to 2018. The length and completion of the records collected varied across the dataset.

Some statistics for the period 20].6-2078 are shown in Table 1. The Median, as well as the lnter-

Quartile Range (lQR), are presented. Median shows the centre of the data while the IQR represents

a measure of statistical dispersion, being equal to the difference between 75th and 25th percentiles.

Note that these statistics should not be compared with one another as some of the datasets is

incomplete over the full 2015-2018 period. However, they are indicative of the range of flows

measured across the mine water system.

Toble 1 - List oJ flow meters ond row stotistics over 2016-2018

Name Median IQR Frequency
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CHARSNORKEL

EXXAROEAST
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H130

H131
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H 135

H135

H136

H142

H143

HI4/.
Ht47

H150

H 159

H 159

H165

H65

H67

H78

542

777 12

207

11684

2936

2467

6630

6425

214

133

859

362

2722

2696

5903

16521

4581

1502

331

2

278

75

440

135

204

237

17508

3565

24t2
788

3077

1938

787

4424

193

3994

1303

791

2409

3594

257

203

228

447

132 5

1692

1899

3190

2697

315

395

85

472

37

2L9

55

9973

577

3340

1363

774
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DAILY

DAILY

MONTHTY

MONTHTY

DAILY

MONTHTY
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DAILY

DAILY

DAILY
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MONTHLY

MONTHLY

MONTHLY

MONTHLY

DAILY
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DAILY

MONTHLY

MONTHLY

DAILY

l

1

I

t

I



H78

H79

1835

286 3256

62

MONTHTY

R104

MONTHLY

MONTHTY

+
471

L462

MONTHTY

DAILY

68

1974R113

R113 1850

97R128

R151

R151

R37

R50

R51

R52

3974

274

7407

600

MONTHTY

M O NTH I.Y

DAILY

DAILY

5392

4772

209

2967

MONTHTY

DAILY

M O NTH I-Y

DAILY

MONTHTY

MONTHTY

MONTHTYR53

R66 31

480

20L7

282

3 511R50 6372

5024

86

150R51 230

2081

453

R53 560 431

273

190

R66_1

R54

R54

MONTHLY353

500

67

111

113

80

DAILY

MONTHTY

MONTHTY

MONTHTY

MONTHTY

R77

R73 116

92

R74

Rt7
Lt27 MONTHLY

79R81 35 MONTHTY

30R83 lR95 338
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the Report Integrated Water and Salt Balance Baseline Model – Part 2 
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WUL Water Use Licence 
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1 Introduction 

1.1 Background 
Water is an indispensable asset that plays a vital role in the mining activities at Grootegeluk. The mine is 
facing challenges of simultaneously meeting water quantity and quality to secure production while having to 
manage excess water during the rainy season. Both water quantity and quality must be managed as one 
integrated system to achieve these multiple objectives. It is particularly challenging in the situation when 
surface water and groundwater are already highly allocated in South Africa. 

Better mine water management strategies are needed to increase water security (reduce raw water use, 
increase water use efficiency) and eliminate environmental influences as a condition for securing mining 
production. As part of the Exxaro Grootegeluk Integrated Water Management Strategy project, an Integrated 
Water Balance Model is required.  

The water balance model forms the platform for determining critical infrastructure projects on the mine for the 
current water management situation, as well as future expansion projects and compliance with the XX-ENV-
ST-002 Water Management Standard for Exxaro. Aurecon contracted Macroscopia Labs (Macroscopia) to 
develop a water and salt balance model that would better inform the evaluation of various interventions 
options. The historical model and its calibration were described in Report No. 503771-1100-REP-JJ-0001 
which includes the approach, analysis of data, assumptions taken, conceptual model and results of the 
calibration.  

This report summarises the predictive model structure as well as baseline simulation result analysis. 

1.2 Study Objectives 
The overall project aims to provide Grootegeluk Mine with an improved water management strategy 
considering the legal, technical and financial aspects of the different options to be investigated. The objective 
of the Prefeasibility Study (FEL 2) is to select the best go-forward case from various alternatives to improve 
water management.  

The objective of the baseline study is to better inform the design team on the status of the current water 
system. The objectives of this baseline study are therefore to: 

◼ To collect and collate all available information necessary for the development of the water and salt 
balance; 

◼ To develop, calibrate and validate a water and salt balance model of the integrated mine water system;  

◼ To simulate the historical water and salt balance; and 

◼ To simulate the future water and salt balance. 

1.3 This Report 
This Report is the second part of three of the Integrated Water and Salt Balance Model Reports structured as 
follows: 

◼ Part 1 of 3 – Status quo model - All aspects of the model up to the calibration of the model. 

◼ Part 2 of 3 – Baseline model (this Report) - The addition of future variables used to simulate future water 
patterns.  

◼ Part 3 of 3 – Scenario model – The addition of potential future changes test various future scenarios. This 
will be incorporated into the Options Identification Report.  
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1.4 Reference documents  
This Report should be read in conjunction with the following reports:  

◼ 503771-0000-REP-JJ-0001 Basis of Design Report;  

◼ 53771-1100-REP-JJ-0001 Integrated Water and Salt Balance Status Quo Model Report;  

  



 

 
                                                                                                              Project number 503771  File 503771-1100-REP-JJ-0002.docx 2020-08-19  Revision 0  10 

2 Future System Description 

2.1 Baseline future developments 
A number of projects are currently under study that will affect the configuration of the mine in the future. This 
chapter lists the known significant future mine developments and the ones that are taken into account in this 
study.  

2.1.1 Pit progression 
The Life of the Mine Plan up until 2058 was used to assess the progression of the pit and its impacts onto the 
water balance. The pit will develop in three phases, as shown in Figure 1.  

 
Figure 1 - Pits Progression and their active period of mining 

◼ Pit Mid (Present-2030) - the mine currently consists of an open pit and a small section of unrehabilitated 
backfill. The pit will progressively move in a westward direction. Mining within this section of the pit is uphill, 
and therefore the sump collects water at the backfill face. 

◼ Pit North (2030-2055) - By 2030 the mine face will reach its most westerly point, and mining will move to 
the northern section. Mining will then progress in an easterly direction. Mining within this section of the pit 
is in the majority downhill, and therefore the sump collects water at the mining face.  

◼ Pit South (2050-2057) - By 2050 the mining in the southern section will start in an easterly direction. The 
southern section will not be backfilled and will remain a large void. 

2.1.2 Ramp up production 
◼ The projected ROM plant production for the LOM was supplied by Exxaro and is presented in Figure 2. 

The mine is expected to ramp up its production (mainly at GG6 and GG7) which will increase their ROM 
production to about 70 million tonnes of ROM processed per year. The projected ROM tonnages are 
provided in Figure 2 below. 
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Figure 2 - Projected plant ROM production over the LOM 

2.1.3 External water supply 
External raw water is currently supplied from the Mokolo Dam. Several scenarios are currently being 
investigated for the sourcing of water in the future, namely: 

◼ MCWAP2 

◼ Thabametsi Mine 

The potential water allocation in the future is currently agreed at 8 000 000 m3/yr. However, no constraint was 
put in the model onto the external water supply. This approach allows the quantification of the annual supply 
and supply assurance levels. 

Note that in this baseline study, the change to sourcing water from MCWAP1 to MCWAP2 is set to occur in 
September 2025.  

2.2 Potential interventions 
Several potential scenarios were selected in consultation with Exxaro and Aurecon. These scenarios 
ultimately aim at ensuring the best financial outcome for Grootegeluk that satisfies the technical, operational 
and legal requirements of the project.  

While trying to address all the current challenges, improved or new mine water management strategies should 
strive to meet multiple objectives and therefore require careful planning and sound evaluation. The selected 
scenarios shall be discussed in more detail in Part 3 of the Integrated Water and Salt balance Model Report.  
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3 Data Assumptions 

3.1 Areas 

3.1.1 Plant stormwater 
This study addresses the management of the stormwater volumes but does not directly address the 
management of sediments. Sediment control is an integral part of an effective dirty water containment 
system. Dirty runoff from mine workings, discard dumps and stockpile areas contain coal residue, silt and 
sediment that can cause silting up of canals and pollution control dams. Note that a stormwater management 
study was carried out and directly addresses sedimentation issues.  

Figure 3 shows the plant stormwater catchments for the status quo and the proposed new catchments. A 
summary of the catchment areas is provided in Table 1. 

Table 1 – Plant Stormwater Catchment Areas 

Report to 
Catchment Area 

(Status Quo) 

Catchment Area 

(Proposed) 

Bosbok 212.1 ha 228.7 ha 

N1 Channel 440.3 ha 420.5 ha 

Olifantskop 131.7 ha 144.7 ha 
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Figure 3 – Plant Dirty Water Harvested Areas 
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3.1.2 Pit life of mine 
The LOM plan was segregated between the following pit components: 

◼ Prestripped; 

◼ Pit workings; 

◼ Backfill; and 

The progression of the different components of the pit are shown in Figure 4 and their areas and cumulated 
areas are shown in Figure 5 and Figure 6 respectively. The total area of the pit increases from an 
approximate 1000 ha in 2020 to 3200 ha in 2057. 

 
Figure 4- Pit Progression over the life of the mine 
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Figure 5 – Projected Pit Components Areas 

 
Figure 6 - Projected Compounded Pit Components 

Areas 

3.2 Backfill Storage 
The backfill can store water at elevations below the mining elevations. This occurs principally when mining is 
going uphill.  

A 30% void ratio was used to estimate the potential water storage volume that is left behind in the backfill 
and as mining advances. While it is difficult to accurately quantify the void ratio within the backfill as it varies 
across the backfill with both diverse degrees of compaction and material type, 30% is a value that is 
generally accepted within the industry. To take into account for any knowledge uncertainty around this value, 
the model uses a triangular distribution and the void ratio varies between 27% and 33% with a mean value of 
30%.  

The stage storage elevation for the backfill was estimated using contour elevations of the projected pit floor 
(Bench 11). Figure 7 and Figure 8 show the evolution of the water storage capacity in the backfill over time 
for Pit Mid and Pit North, respectively. 
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Figure 7 - Evolution of Elevation Vs. Backfill Water 

Storage over time (Pit Mid) 

 
Figure 8 - Evolution of Elevation Vs. Backfill Water 

Storage over time (Pit North) 

 

It is assumed that a pillar will be left in between the Pit Mid and Pit North. The final pillar will be left at an 
elevation of 804 masl. If the water level within the Pit Mid reaches this level, then water spills over into the Pit 
North. 

3.3 Dust Suppression Demand 
It is expected that the current demand for dust suppression shall increase due to the extension of the 
existing haulage roads as the mine progresses. The projected annual dust suppression water demand is 
shown in Figure 9. 

 

 
Figure 9 – Projected Annual Dust Suppression Water Demand 

3.4 Water quality 
The mass balance input streams for which water quality data is available are the MCWAP1 and Potable 
water streams. They are assumed to have essentially the same water quality as they are from the same 
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source. For these the monitored water quality data for the "Control Sample – Tap Water" was used as the 
input water quality. 

It is also worth noting that the future MCWAP 2 water quality will replace the current Mokolo Dam water 
quality in September 2025. Since the MCWAP 2 water will contain a large percentage of return flow from 
sewage treatment works, it is estimated that there will be increased salts, nutrients (nitrogen and phosphate) 
and residual organics in the water compared to the current Mokolo Dam raw water. It is also likely that the 
water may contain or may be at risk of at times containing elevated concentrations of pathogens that may 
pose a health risk to the Exxaro workers that are exposed to the water or water spray.  

The Lower Crocodile Water Quality Situation Assessment Report from Aurecon provides water quality data 
for the MCWAP2 water source. The report also assesses three different scenarios for the future MCWAP2 
water quality namely: 

• Maintain Current Water Quality Status 

• Resource Quality Objectives Achieved 

• Unsustainable and Poor Management of Water Quality 

The report concludes that the most likely scenario is the that current water quality status will be maintained. 
Note that this scenario includes the gradual deterioration of many of the water quality parameters over time. 

For the GoldSim modelling, decision was taken to “escalate” the current statistical water quality data 10 

years into the future using the recent trend. This will be done using each parameter’s trend and it’s statistical 

data points, i.e. the 5 percentile, the 50 percentile and the 95 percentile, will be escalated with the same rate 
(each parameter’s 5 percentile, 50 percentile and 95 percentile values will be escalated with the same x mg/l 

per year trend that was determined for that specific parameter). This will give a mid-point in time between 
now and the end of the normal 20 year life used for the design of water treatment infrastructure and will be a 
good compromise between the current situation and the future anticipated situation without introducing too 
large a variance. Projected MCWAP 2 water quality used in the model is given in Table 2. 

Table 2 - Projected MCWAP2 Water Qualities 
  

Average Lowest Highest 

TDS mg/l 675.7 483.12 832.7 

Ca mg/l 51.35 35.57 65.53 

Mg mg/l 31.54 20.9 43.2 

Na mg/l 95.37 68.09 118.08 

K mg/l 10.55 8.45 12.68 

Alkalinity mg/l as CaCO3 207.99 151.7 252.34 

Cl mg/l 104.44 67.44 138.83 

SO4 mg/l 98.13 71.03 125.53 

F mg/l 0.5 0.31 0.74 

NO3 & NO2 mg/l as N 1.59 0.41 3.01 

NH3 mg/l as N 0.39 0.05 0.19 

PO4 mg/l 0.17 0.01 0.39 

Fe mg/l 0.1 0.01 0.2 

Al mg/l 0.1 0.01 0.2 

Mn mg/l 0.1 0.01 0.2 

3.5 Climate Change 
Climate change is expected to have some impact on the mine water system. Some of these impacts could 
potentially limit the mine capacity to manage extreme storm events and/or its capacity to maintain a certain 
level of supply assurance.  
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It is currently difficult to assess the potential impact of climate change at the local hydrological scale due to 
the high level of uncertainty. General circulation models (GCMs) are an important tool in the assessment of 
climate change, but these numerical coupled models remain relatively coarse in resolution and are unable to 
resolve significant subgrid-scale features. Moreover, there is significant uncertainty in terms of emissions 
scenarios. Despite these limitations, climate change should not be ignored, and provision was made to 
model the impact of different scenarios. 

Different "downscaling" techniques exist that allow the assessment of hydrological variables. Future climate 
information provided below is derived from 35 available global circulation models (GCMs) used by the 
Intergovernmental Panel on Climate Change (IPCC) 5th Assessment Report. Data is presented at a 1°x1° 
global grid spacing and was produced through bi-linear interpolation. 

Two data sources were used to estimate the potential impact of climate change on rainfall and evaporation, 
namely: 

• Data from the World Bank downscaling models (World Bank, 2019). 

• Data from CSIR projection for NorthEastern South Africa (CSIR, 2017) 

Data below is presented for the most commonly used scenario (RCP 8.5) and for the ensemble of all 35 
GCMs (World Bank, 2019). The envelope of results (blue range) corresponds to the envelope of results 
produced by all the GCMs while the blue line is the average of the models. Current trends indicate for the 
local area an increase in temperature associated with reduction in annual rainfall andan increase of storm 
peaks. Refer to Appendix A for more data. 

Figure 10 shows the change in monthly precipitation by 2060-2079 while Figure 11 and Figure 12 show the 
increase in 24hr storm intensity for a 1 in 10-year and 1 in 25-year recurrence interval.  

Figure 13 shows the change in monthly temperature. Temperatures are expected to rise between 3 and 4 
degrees by horizon 2060-2079. This will affect the evaporation, but it is difficult to estimate as it depends on 
a number of climate variables (e.g. wind, humidity, temperature).  

 

 
Figure 10 – Projected change in monthly precipitation by 2060-2079 

 
Figure 11 – Projected change in 1 in 10 yr storm event 
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Figure 12 – Projected change in 1 in 25 yr storm event 

 

 
Figure 13 - Projected change in monthly temperature by 2060-2079 

 
The stochastic rainfall model was adjusted so that the following statistics vary linearly from  2020 to 2070: 

◼ Average Annual precipitation is expected to decrease by approximately 50 mm/annum by the horizon 
2070.  

◼ Average Monthly precipitation is expected to decrease at the beginning of the rainy season from 
September to December while a slight increase could be anticipated during the month of January to 
March. 

◼ Climate models suggest that the intensity of a storm event will increase. Data shows an increase of 
approximately 10 mm/d for the 1 in 25yr storm recurrence interval by horizon 2060-2079. 

◼ Based on the temperature changes, it is expected for evaporation to increases by 5% by the horizon of 
2070   



 

Project number 503771  File 503771-1100-REP-JJ-0002.docx, 2020-08-19  Revision 0   20 

4 Baseline simulation 
The status quo model was simulated against 100 rainfall sequences for the period 2011 to 2058. Results of 
the simulation are shown in the sections below. 

4.1 Simulation Results 

4.1.1 Total Water Consumptive Use 
The total water consumptive use is defined as the total water use by the mine to run its operations. Due to 
the planned ramp-up in production, simulation results show that the mine total consumptive use (see Figure 
14) will rise up from a historical average of 12.2 Mm3/annum between 2015 and 2019 to between 13.5 
Mm3/annum and 15.5 Mm3/annum. Note that the mine water use was relatively high in 2019 due to 
consecutive dry rainfall years together with some mismanagement of water associated with pump failures at 
the pit sump.  

   

 
Figure 14 - Simulated Percentiles of Total Water Consumptive Use 

4.1.2 External Water Use 
Given the current assumptions regarding the prioritising of water, external water use is expected to increase 
from an average of 4.9 Mm3/annum between 2016 and 2020 to between 7.4 Mm3/annum and 8 Mm3/annum 
in 2022. Note that this is above the current allocated limit which is 6.88 Mm3/annum. The demand is 
expected increase to between 7.7Mm3/annum and 8.3 Mm3/annum by 2058. 

External water consumption in the baseline scenario is dependent on the current prioritisation of water 
sources and current plant inefficiencies. Note that water is available in the model within the pit sump but is 
not accessed to the current prioritisation between the different sources of water.    
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Figure 15 - Simulated Percentiles of External Water Supply 

4.1.3 Pit Water Management 
The model simulation shows that given the current baseline assumptions, the pit sump volume (Figure 16) is 
expected to continuously increase as mining continues. This is partly due to the mining footprint increasing  
over time together with the rise of new water entering the mine as production increases (and plant 
inefficiencies staying the same within the baseline scenario) 

The model shows that the volume in the pit sump is expected to reach between 4 Mm3 and 12 Mm3 by the 
year 2030. Water from the Pit Mid backfill will start decanting between 2030 and 2035 as the pillar in 
between Pit North and Pit Mid is being mined up from an elevation of 810m to 804m and as shown in Figure 
17. This will lead to a sharp rise in the volume within the pit sump. The model shows that the average sump 
changes from 9 Mm3 in 2030 to up to 23 Mm3 in 2035. From approximately 2045, the volume in the sump is 
expected to rise quite significantly as the amount of water entering the pit far exceeds the amount of water 
leaving. Volumes in the pit sump by 2057 is expected to range between 50 Mm3 and 85Mm3 by the end of 
the life of the mine.  

 

 
Figure 16 - Percentile of Pit Sump Volumes 
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Figure 17 - Percentile of Pit Sump Elevations 

 
Figure 18 - Percentiles of volumes stored within backfill 

4.1.4 Water Quality 
The simulated concentrations of  TDS are shown in Figure 19. The model shows that concentrations are 
expected to significantly rise between 2035 and 2050. This is due to the fact that the salt sink provided by 
water filling up voids in the backfill will disappear during this period (as water from Pit Mid discharges into the 
Pit North). 

The model simulation shows that, given the current baseline assumptions and ignoring naturally occurring 
reactions, the pit sump quality will peak at values higher than the Control quality below which we want to 
maintain the mine water circuits. At these concentrations and given sufficient time and contact with 
surrounding solid materials, some of these dissolved salts will naturally precipitate. 
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Figure 19 - Percentiles of Simulated TDS Concentrations at the Pit Sump 

The Peak concentrations will therefore not be seen in reality but the concentration values seen will be 
between the Peak values and the Equilibrium values. The fact that natural precipitation will occur also 
indicates that the pit sump water will be scaling when returned to the coal wash plants and when piped to or 
used in any other water use on the mine e.g. scaling of the nozzles in dust suppression water bowsers. The 
simulation Peak values, the Equilibrium values after natural precipitation (assuming an infinite contact time) 
and the values below which we want to Control the pit sump water are given in Table 3 below. Note that, 
besides ensuring minimal corrosion or scaling of the coal wash plants, the Control values also take the 
requirements of the Mine’s Water Use Licence into account. 

Table 3 - Projected Pit Sump Water Quality Peak and Equilibrium compared to Control Values 
  

Peak Equilibrium Control 

TDS mg/l 7 180 5 546 5 000 

Ca mg/l 1 000 524 550 

Mg mg/l 600 600 600 

Na mg/l 200 200 400 

K mg/l 50 50 100 

Alkalinity mg/l as CaCO3 200 189 100 

Cl mg/l 180 180 100 

SO4 mg/l 4 900 3 765 3500 

F mg/l 2 2 - 

NO3 & NO2 mg/l as N 11 11 - 

NH3 mg/l as N 6.8 6.8 - 

PO4 mg/l 0.18 0.001 - 

Fe mg/l 1.3 1.17 5 

Al mg/l 10 8 5 

Mn mg/l 19 8.9 5 
  

As the natural precipitation takes place to move from the Peak to the Equilibrium values, the solids listed in 
Table 4 below will form. These precipitates will collect as settled solids at the base and sides of the pit sump 
and they will typically form as hard precipitates in the pipes and fittings of the mine’s pipes, pumps and coal 

wash plant components through which the mine water moves. Implementing the water treatment plant and 
sending a side stream of water through the water treatment plant to control the water quality at or below the 
Control values, will prevent this precipitation from forming and protect the mine’s water infrastructure. 
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Table 4 - Projected Equilibrium Precipitates 

Precipitate 
 

  Mass Precipitated 

Gypsum CaSO4.2H2O mg/l 2 044 

Iron Hydroxide Fe(OH)3 mg/l 0.247 

Manganese Carbonate MnCO3 mg/l 21 

Diaspore AlOOH mg/l 22.2 

Total   mg/l 2 087 

4.2 Integrated Water Balance 
The Integrated Water Balance results for average rainfall (350mm and 576mm per annum) are presented 
below for: 

◼ Hydrological Year 2020/2021 in Figure 20 

◼ Hydrological Year 2029/2030 in Figure 21 

◼ Hydrological Year 2039/2040 in Figure 22 

◼ Hydrological Year 2049/2050 in Figure 23 

◼ Hydrological Year 2056/2057 in Figure 24 
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Figure 20 – Simulated Average Annual Water Balance (2020/2021) 

 

(Annual Oct 2020 to Sep 2021)

INFLOWS Averaged simulated rainfall years ranged between OUTFLOWS

(m3/annum) 355 mm/annum and 583 mm/annum (m3/annum)
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Figure 21 – Simulated Average Annual Water Balance (2029/2030) 

(Annual Oct 2029 to Sep 2030)

INFLOWS Averaged simulated rainfall years ranged between OUTFLOWS

(m3/annum) 352 mm/annum and 589 mm/annum (m3/annum)
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Figure 22 – Simulated Average Annual Water Balance (2039/2040) 

 

 

(Annual Oct 2039 to Sep 2040)

INFLOWS Averaged simulated rainfall years ranged between OUTFLOWS

(m3/annum) 356 mm/annum and 590 mm/annum (m3/annum)
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Figure 23 – Simulated Average Annual Water Balance (2049/2050) 

 

(Annual Oct 2049 to Sep 2050)
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Figure 24 – Simulated Average Annual Water Balance (2056/2057) 

  

(Annual Oct 2056 to Sep 2057)
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4.3 Overall System Annual Water Balance 
The average annual flow across the system, and for average annual rainfall year, is shown in Figure 25. The 
figure summarises the overall water balance of the system, which by definition should ensure that: 

𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑓𝑙𝑜𝑤𝑠 − 𝑇𝑜𝑡𝑎𝑙 𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑠 = 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 

The figure shows a progressive rise of water inflows to the system. This is due to a number of factors: 

◼ Increase in production from 2021 leads to an increase in water demand; and 

◼ Increase in the mine footprint as mining progresses. 

 
Figure 25 – Overall System Annual Water Balance 

A breakdown of the total inflows and total outflows to the system are shown in Figure 26 and Figure 27, 
respectively. 

Note the following: 

◼ Rainfall / Runoff correspond to the amount of water received by open water bodies through rain and 
runoff. For the exception of the backfill / rehabilitated area where values are reported as direct rainfall and 
evaporation onto the catchment. 

◼ Product and Waste outflows correspond to the amount of water which is not recovered in the model. In 
the case of product some of the seepage is recovered in the Bosbok dam while in the case of the Waste 
some of the water is deposited onto the backfill catchment area. 
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Figure 26 – Average Annual Total Inflows for an average rainfall year 

 
Figure 27 - Average Annual Total Outflows for an average rainfall year 

5 Conclusions 
The calibrated Goldsim water balance model previously developed was extended to simulate water quantity 
and quality across the mine system at Grootegeluk in the future.  

The model was run for the baseline scenario. The simulation shows that : 

• The external water demand is expected to rise to in between 7.5Mm3/annum and 8Mm3/annum as 
production increases. 

• The amount of water in the pit sump is expected to increases significantly above its 800 000m3 
design capacity. 

• Water quality is expected to drop as a result of the use of the change from MCWAP1 to MCWAP2  
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Term Definition 

 AMD Acid Mine Drainage 

AWBM Australian Water Balance Model 

C&I Control and Instrumentation 

CaCO3 Calcium Carbonate 

COD Chemical oxygen demand 

Dust Suppression Water used to suppress dust 

DWS Department of Water and Sanitation 

EMP Environmental Management Plan 

Fire Water Water used to suppress or extinguish a fire 

FEL Front end Loading 

FEL 2 

 

 

Pre-feasibility Study 

FEL 3 

 

Feasibility Study (Bankable) 

GGIWMS Grootegeluk Integrated Water Management Strategy 

GN704 Regulation 704 of the National Water Act (Act 36 of 1998) 

IWUL Integrated Water Use License 

LOM Life of Mine 

MCWAP Mokolo Crocodile River Water Augmentation Project 

N Nitrogen 

PFD Process Flow Diagram 

Potable Water Water that is deemed safe to drink.  

P&ID Piping and Instrumentation Diagram 

RACI Responsible, Accountable, Consulted and Informed 

RFI Request for Information 

SAWQG 
Department of Water Affairs and Forestry, 1996. South African Water Quality Guidelines  

(second edition), Volume 3: Industrial Use. 

the project GGIWMS / Grootegeluk Integrated Water Management Strategy 

the Report Integrated Water and Salt Balance Baseline Model – Part 2 

TDS Total Dissolved Solids 

Wash Water This is water that is utilised for washing of plant area and / or vehicles. This does not 
include the water to be used in any washing of coal processes 

WUL Water Use Licence 
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1 Introduction 

1.1 Background 
Water is an indispensable asset that plays a vital role in the mining activities at Grootegeluk. The mine is 
facing challenges of simultaneously meeting water quantity and quality to secure production while having to 
manage excess water during the rainy season. Both water quantity and quality must be managed as one 
integrated system to achieve these multiple objectives. It is particularly challenging in the situation when 
surface water and groundwater are already highly allocated in South Africa. 

Better mine water management strategies are needed to increase water security (reduce raw water use, 
increase water use efficiency) and eliminate environmental influences as a condition for securing mining 
production. As part of the Exxaro Grootegeluk Integrated Water Management Strategy project, an Integrated 
Water Balance Model is required.  

The water balance model forms the platform for determining critical infrastructure projects on the mine for the 
current water management situation, as well as future expansion projects and compliance with the XX-ENV-
ST-002 Water Management Standard for Exxaro. Aurecon contracted Macroscopia Labs (Macroscopia) to 
develop a water and salt balance model that would better inform the evaluation of various interventions 
options. The historical model and its calibration were described in Report No. 503771-1100-REP-JJ-0001 
which includes the approach, analysis of data, assumptions taken, conceptual model and results of the 
calibration.  

This report summarises the predictive model structure as well as baseline simulation result analysis. 

1.2 Study Objectives 
The overall project aims to provide Grootegeluk Mine with an improved water management strategy 
considering the legal, technical and financial aspects of the different options to be investigated. The objective 
of the Prefeasibility Study (FEL 2) is to select the best go-forward case from various alternatives to improve 
water management.  

The objective of the baseline study is to better inform the design team on the status of the current water 
system and the predicted future. The objectives of this baseline study are therefore to: 

◼ To collect and collate all available information necessary for the development of the water and salt 
balance; 

◼ To develop, calibrate and validate a water and salt balance model of the integrated mine water system;  

◼ To simulate the historical water and salt balance; and 

◼ To simulate the future water and salt balance. 

1.3 This Report 
This Report is the second part of three of the Integrated Water and Salt Balance Model Reports structured as 
follows: 

◼ Part 1 of 3 – Status quo model - All aspects of the model up to the calibration of the model. 

◼ Part 2 of 3 – Baseline model (this Report) - The addition of future variables used to simulate future water 
patterns.  

◼ Part 3 of 3 – Scenario model – The addition of potential future changes tests various future scenarios. This 
will be incorporated into the Options Identification Report.  
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1.4 Reference documents  
This Report should be read in conjunction with the following reports:  

◼ 503771-0000-REP-JJ-0001 Basis of Design Report;  

◼ 53771-1100-REP-JJ-0001 Integrated Water and Salt Balance Status Quo Model Report;  
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2 Future System Description 

2.1 Baseline future developments 
A number of projects are currently under study that will affect the configuration of the mine in the future. This 
chapter lists the known significant future mine developments and the ones that are considered in this study.  

2.1.1 Pit progression 
The Life of the Mine Plan up until 2058 was used to assess the progression of the pit and its impacts on the 
water balance. The pit will develop in three phases, as shown in Figure 1.  

 
Figure 1 - Pits Progression and their active period of mining 

◼ Pit Mid (Present-2030) - the mine currently consists of an open pit and a small section of unrehabilitated 
backfill. The pit will progressively move in a westward direction. Mining within this section of the pit is uphill, 
and therefore the sump collects water at the backfill face; 

◼ Pit North (2030-2055) - By 2030 the mine face will reach its most westerly point, and mining will move to 
the northern section. Mining will then progress in an easterly direction. Mining within this section of the pit 
is in the majority downhill, and therefore the sump collects water at the mining face, and 

◼ Pit South (2050-2057) - By 2050 the mining in the southern section will start in an easterly direction. The 
southern section will not be backfilled and will remain a large void. 

2.1.2 Pit Sump 
Historical varying pit sizes between 2010 and 2020 were used for the calibration however future pit sumps are 
simulated as a single pit sump with the following characteristics: 

◼ The pit sump capacity is fixed at 800 000m3;  

◼ The pit sump is always located in the most advanced section of the 3 pit sections. It is located on the 
backfill side of the pit when mining is uphill while it is located on the mining front of the pit when mining is 
downhill; 

◼ The pit sump elevation is at the lowest elevation along the mining face when mining is progressing downhill 
and at the lowest elevation along the backfill face when mining is progressing uphill, and 

◼ The crest of the sump is at the same elevation as Bench 11 bottom elevation, and the sump bottom 
elevation is located at Bench 13 bottom elevation.  
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The approach of using a single sump is a simplification of the reality i.e. a set of newly built sumps with 
varying sizes. The degree of detail required to model each of the new sumps would have been too 
complex for the model to be usable for scenario assessment, due to the model being a site-wide mine 
water balance model. The assumption of a single moving sump is realistic for a water balance as the 
model is able to track the total volume in the pit i.e. both within the pit sump and any additional overflowing 
volumes. However, the limitation of this assumption is that a more detailed engineering study, regarding 
actual placement and sizing of the pit sumps, would be required for the various sequences of mining.   

2.1.3 Ramp up production 
The projected ROM plant production for the LOM was supplied by Exxaro and is presented in Figure 2. The 
mine is expected to ramp up its production (mainly at GG6) which will increase their ROM production to about 
70 million tonnes of ROM processed per year. The projected ROM tonnages are provided in Figure 2 below. 

 
Figure 2 - Projected plant ROM production over the LOM 

2.1.4 External water supply 
External raw water is currently supplied from the Mokolo Dam. Several scenarios are currently being 
investigated for the sourcing of water in the future, namely: 

◼ MCWAP2 

◼ Thabametsi Mine 

◼ Turfvlakte 

The potential water allocation in the future is currently agreed at 8 000 000 m3/yr. However, no constraint was 
put in the model onto the external water supply. This approach allows the quantification of the annual supply 
and supply assurance levels. 

Note that in this baseline study, the change to sourcing water from MCWAP1 to MCWAP2 is set to switch in 
September 2025 when a new water quality is introduced (see section 3.4).  
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2.2 Potential interventions 
Several potential scenarios were selected in consultation with Exxaro and Aurecon. These scenarios 
ultimately aim at ensuring the best financial outcome for Grootegeluk that satisfies the technical, operational 
and legal requirements of the project.  

While trying to address all the current challenges, improved or new mine water management strategies should 
strive to meet multiple objectives and therefore require careful planning and sound evaluation. The selected 
scenarios shall be discussed in more detail in Part 3 of the Integrated Water and Salt balance Model Report.  
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3 Data Assumptions 

3.1 Areas 

3.1.1 Plant stormwater 
This study addresses the management of the stormwater volumes but does not directly address the 
management of sediments. Sediment control is an integral part of an effective dirty water containment 
system. Dirty runoff from mine workings, discard dumps and stockpile areas contain coal residue, silt and 
sediment that can cause silting up of canals and pollution control dams. Note that a stormwater management 
study was carried out and directly addresses sedimentation issues.  

Figure 3 shows the plant stormwater catchments for the status quo and the proposed new catchments. A 
summary of the catchment areas is provided in Table 1. It should be noted that the proposed catchments are 
regarded as scenarios and will therefore not be discussed in this report. It is shown for indicative purposes 
only and will be discussed further in Part 3. 

Table 1 – Plant Stormwater Catchment Areas 

Report to 
Catchment Area 

(Status Quo) 

Catchment Area 

(Proposed) 

Bosbok 212.1 ha 228.7 ha 

N1 Channel 440.3 ha 420.5 ha 

Olifantskop 131.7 ha 144.7 ha 
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Figure 3 – Plant Dirty Water Harvested Areas 
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3.1.2 Pit life of mine 
The LOM plan was segregated between the following pit components: 

◼ Prestripped; 

◼ Pit workings, and 

◼ Backfill.  

The progression of the different components of the pit are shown in Figure 4 and their areas and cumulated 
areas are shown in Figure 5 and Figure 6 respectively. The total area of the pit increases from an 
approximate 1000 ha in 2020 to 3200 ha in 2057. 

 
Figure 4- Pit Progression over the life of the mine 
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Figure 5 – Projected Pit Components Areas 

 
Figure 6 - Projected Compounded Pit Components Areas 

3.2 Backfill Storage 
The backfill can store water at elevations below the mining elevations. 

A 30% void ratio was used to estimate the potential water storage volume that is left behind in the backfill 
and as mining advances. While it is difficult to accurately quantify the void ratio within the backfill as it varies 
across the backfill with both diverse degrees of compaction and material type, 30% is a value that is 
generally accepted and advised within the industry. To take into account for any knowledge uncertainty 
around this value, the model uses a triangular distribution and the void ratio varies between 27% and 33% 
with a mean value of 30%.  

The stage storage elevation for the backfill was estimated using contour elevations of the projected pit floor 
(Bench 11). Figure 7 and Figure 8 show the evolution of the water storage capacity in the backfill over time 
for Pit Mid and Pit North, respectively. 
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Figure 7 - Evolution of Elevation Vs. Backfill Water 

Storage over time (Pit Mid) 

 
Figure 8 - Evolution of Elevation Vs. Backfill Water 

Storage over time (Pit North) 

 

It is assumed that a pillar will be left in between the Pit Mid and Pit North. The final pillar will be left at an 
elevation of 804 masl. If the water level within the Pit Mid reaches this level, then water spills over into the Pit 
North. 

3.3 Dust Suppression Demand 
It is expected that the current demand for dust suppression shall increase due to the extension of the 
existing haulage roads as the mine progresses. The projected annual dust suppression water demand is 
shown in Figure 9. 

 

 
Figure 9 – Projected Annual Dust Suppression Water Demand 
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3.4 Water quality 
The mass balance input streams for which sampled water quality data is available are the MCWAP1 (Mokolo 
Dam) and Potable water streams. They are assumed to have essentially the same water quality as they are 
from the same source. For these the monitored water quality data for the "Control Sample – Tap Water" was 
used as the input water quality. 

The future MCWAP2 water quality will replace the current MCWAP1 Mokolo Dam water quality in September 
2025. Since the MCWAP2 water will contain a large percentage of return flow from sewage treatment works 
there will be increased salts, nutrients (nitrogen and phosphate) and residual organics in the water compared 
to the current Mokolo Dam raw water. It is also likely that the water may contain or may be at risk of at times 
containing elevated concentrations of pathogens that may pose a health risk to the Exxaro workers that are 
exposed to the water or water spray.  

The Lower Crocodile Water Quality Situation Assessment Report from Aurecon provides water quality data 
for the MCWAP2 water source. The report also assesses three different scenarios for the future MCWAP2 
water quality namely: 

• Maintain Current Water Quality Status 

• Resource Quality Objectives Achieved 

• Unsustainable and Poor Management of Water Quality 

The report concludes that the most likely scenario is the that current water quality status will be maintained. 
Note that this scenario includes the gradual deterioration of many of the water quality parameters over time. 

For the GoldSim modelling, the decision was taken to “escalate” the current statistical water quality data 10 

years into the future using the recent trend. This will be done using each parameter’s trend and its statistical 
data points, i.e. the 5 percentile, the 50 percentile and the 95 percentile, will be escalated with the same rate 
(each parameter’s 5 percentile, 50 percentile and 95 percentile values will be escalated with the same x mg/l 

per year trend that was determined for that specific parameter). This will give a mid-point in time between 
now and the end of the normal 20-year life used for the design of water treatment infrastructure and will be a 
good compromise between the current situation and the future anticipated situation without introducing too 
large a variance. The projected MCWAP2 water quality used in the model is given in Table 2. 

Table 2 - Projected MCWAP2 Water Qualities 

Parameter Units 5 Percentile 50 Percentile 95 Percentile 

TDS mg/l 483 690 833 

Calcium mg/l 35.6 52.7 65.5 

Magnesium mg/l 20.9 31.3 43.2 

Sodium mg/l 68.1 96.9 118 

Potassium mg/l 8.45 10.5 12.7 

Alkalinity mg/l as CaCO3 152 212 252 

Chloride mg/l 67.4 107 139 

Sulphate mg/l 71.0 98.5 125 

Fluoride mg/l 0.31 0.48 0.74 

Nitrate & Nitrite mg/l as N 0.41 1.55 3.01 

Ammonia mg/l as N 0.05 0.08 0.19 

Phosphate mg/l 0.01 0.16 0.39 

Iron mg/l 0.01 0.1 0.2 

Aluminium mg/l 0.01 0.1 0.2 

Manganese mg/l 0.01 0.1 0.2 
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Review of the MCWAP2 water quality in Table 2 shows total nitrogen (ammonia, nitrate and nitrite) as well as 
phosphate concentrations at values that will cause mesotrophic and eutrophic conditions. These conditions 
typically lead to the growth of nuisance aquatic plants and blooms of blue green algae on open water bodies. 
The blue green algae blooms may at times include species which are toxic to man, livestock and wildlife. 
Algal blooms, together with the elevated residual organic concentration in the water, can lead to bio fouling in 
the water distribution pipelines, as well as operational problems in clarifiers and other mine water 
infrastructure.  

Review of the MCWAP2 water quality in Table 2 also shows a relatively high alkalinity concentration with a 
relatively low calcium concentration. The high alkalinity is above the 100 mg/l control value at which we want 
to limit the alkalinity in the mine water circuits. Using the MCWAP2 water as is in the model results in the 
water quality of the mine water circuits being out of specification in terms of the alkalinity concentration. 

What will happen in reality is that mixing the mine water, which has a high calcium concentration but a low 
alkalinity concentration, with the MCWAP2 water, will result in the precipitation of calcium carbonate. This 
may lead to significant scaling in sections of the mine water circuits. Table 3 below lists an example of what 
will happen when mixing equal parts of the current Pit Sump Bench 13 and the projected MCWAP2 water 
using the 50 percentile values for both.  

Table 3 – Example of mixing equal parts MCWAP2 and Pit Sump 13 Water – Water Quality 

Parameter Units MCWAP2 50% Pit Sump 13 50% Equal Mix Equilibrium 

TDS mg/l 690 3 672 2 181 2 027 

Calcium mg/l 52.7 555 304 263 

Magnesium mg/l 31.3 307 169 169 

Sodium mg/l 96.9 69.4 83.1 83.1 

Potassium mg/l 10.5 24 17.2 17.2 

Alkalinity mg/l as CaCO3 213 3.33 108 35.2 

Chloride mg/l 107 61.5 84.3 84.3 

Sulphate mg/l 99.5 2 620 1 360 1360 

Fluoride mg/l 0.48 0.84 0.66 0.66 

Nitrate & Nitrite mg/l as N 1.55 0.95 1.25 1.25 

Ammonia mg/l as N 0.08 5.26 2.67 2.67 

Phosphate mg/l 0.16 0.026 0.093 0.00075 

Iron mg/l 0.1 0.38 0.24 0.00145 

Aluminium mg/l 0.1 8.57 4.33 0.00032 

Manganese mg/l 0.1 16.6 8.33 4.49 
 

Note that after mixing the precipitation of a number of chemicals will occur naturally, in particular calcium and 
alkalinity reduce significantly resulting in the precipitation of significant amounts of calcium carbonate. Table 
4 below lists the precipitates that are likely to occur in significant amounts. 

Table 4 - Projected Equilibrium Reaction Precipitates after mixing equal parts MCWAP2 and Pit Sump 13 Water 

Precipitate Chemical Formula Units Precipitated Amount 

Calcium Carbonate CaCO3 mg/l 102 

Iron Hydroxide Fe(OH)3 mg/l 0.46 

Manganese Carbonate MnCO3 mg/l 7.91 

Diaspore AlOOH mg/l 9.63 

Total 
 

mg/l 120 
 

It is therefore proposed that the MCWAP2 water is pre-treated before using it in the mine. For determining 
the pre-treated MCWAP2 water quality we assumed lime softening pre-treatment would be applied. The 
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addition of lime to the MCWAP2 water will result in the precipitation of significant amounts of calcium 
carbonate and trace amounts of metal precipitates. The lime softening pre-treated MCWAP2 water quality is 
listed in Table 5.  

 Table 5 – Lime Softening Pre-treated MCWAP2 Water Qualities  

Parameter Units 5 Percentile 50 Percentile 95 Percentile 

TDS mg/l 317 445 544 

Calcium mg/l 2.81 3.08 3.3 

Magnesium mg/l 20.9 31.3 43.2 

Sodium mg/l 68.1 96.9 118 

Potassium mg/l 8.45 10.5 12.7 

Alkalinity mg/l as CaCO3 71 88 94.3 

Chloride mg/l 67.4 107 139 

Sulphate mg/l 71 99.5 126 

Fluoride mg/l 0.31 0.48 0.74 

Nitrate & Nitrite mg/l as N 0.41 1.55 3.01 

Ammonia mg/l as N 0.05 0.08 0.19 

Phosphate mg/l 0.01 0.052 0.079 

Iron mg/l 0.01 0.039 0.04 

Aluminium mg/l 0.004 0.005 0.0052 

Manganese mg/l 0.01 0.1 0.11 
 

Review of the lime softening pre-treated MCWAP2 water quality in Table 5 shows that, besides lowering 
calcium and alkalinity concentrations, the phosphate concentration is also lowered. The lower phosphate 
concentration will reduce the chance of eutrophic conditions developing as both elevated nitrate and 
phosphate are required together before eutrophic conditions can develop. This will reduce the incidence of 
algal blooms and reduce the chance of nuisance aquatic plants growing. Note that this is likely to occur 
regardless of whether there is active pre-treatment or “unintended” treatment when mixing without pre-
treatment – see Table 3. 

It is probable that the concentration of residual dissolved organics will also be reduced as organics often 
adsorb on precipitate formed during chemical precipitation steps. The adsorption of organics can also be 
enhanced through the addition of ferric chloride or other flocculants or coagulants. However, laboratory 
testing will be required to confirm the efficacy of organic adsorption with the proposed lime softening pre-
treatment for the MCWAP2 water source. 

The lime required for the pre-treatment as well as the precipitates formed are listed in Table 6 below. 

Table 6 - Projected Equilibrium Precipitates after Lime Softening Pre-treatment of MCWAP2 Water 

Precipitate Chemical Formula Units 5 Percentile 50 Percentile 95 Percentile 

Lime Dosage CaO mg/l 90 130 160 

Calcium Carbonate CaCO3 mg/l 241 356 442 

Iron Hydroxide Fe(OH)3 mg/l - 0.015 0.029 

Siderite FeCO3 mg/l - 0.11 0.30 

Diaspore AlOOH mg/l 0.012 0.213 0.43 

MnHPO4 MnHPO4 mg/l - - 0.24 

Total Precipitates 
 

mg/l 241 356 443 
 

The precipitates formed will need to be disposed of and this can be done as either a liquid sludge or as 
dewatered sludge cake. Due to the good neutralisation potential of the predominantly calcium carbonate 
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containing sludge, the sludge itself will be very stable and can be used as a neutralisation agent to help 
stabilise the pH in backfill or probably also for stabilising soil pH for surface rehabilitation.  

The infrastructure required for this pre-treatment plant consists of a lime dosing system, mixed reactors, 
clarifiers, sludge recirculation pumps and waste sludge handling/dewatering.  

As can be seen from comparing the mixing example in Table 3 to Table 5 and comparing Table 4 and Table 
6, it may be feasible to use mine water as the calcium source to reduce the alkalinity of the MCWAP2 water 
instead of using and paying for lime. This may even be done in the neutralisation treatment section of the 
future mine water treatment plant that is part of the subsequent scenario modelling. These are options that 
should be explored further in future but are outside of the scope of this report. Since the feasibility of these 
options cannot be guaranteed at this stage, and since we need certainty about the pre-treated MCWAP2 
water quality, we propose that the water quality listed in Table 5 be used as the pre-treated MCWAP2 water 
quality in subsequent GoldSim scenario modelling. The MCWAP2 water quality in Table 2 was used in this 
baseline report. 

3.5 Climate Change 
Climate change is expected to have some impact on the mine water system. Some of these impacts could 
potentially limit the mine capacity to manage extreme storm events and/or its capacity to maintain a certain 
level of supply assurance.  

It is currently difficult to assess the potential impact of climate change at the local hydrological scale due to 
the high level of uncertainty. General circulation models (GCMs) are an important tool in the assessment of 
climate change, but these numerical coupled models remain relatively coarse in resolution and are unable to 
resolve significant subgrid-scale features. Moreover, there is significant uncertainty in terms of emissions 
scenarios. Despite these limitations, climate change should not be ignored, and provision was made to 
model the impact of different scenarios. 

Different "downscaling" techniques exist that allow the assessment of hydrological variables. Future climate 
information provided below is derived from 35 available global circulation models (GCMs) used by the 
Intergovernmental Panel on Climate Change (IPCC) 5th Assessment Report. Data is presented at a 1°x1° 
global grid spacing and was produced through bi-linear interpolation. 

Two data sources were used to estimate the potential impact of climate change on rainfall and evaporation, 
namely: 

• Data from the World Bank downscaling models (World Bank, 2019). 

• Data from CSIR projection for North-eastern South Africa (CSIR, 2017) 

Data below is presented for the most commonly used scenario (RCP 8.5) and for the ensemble of all 35 
GCMs (World Bank, 2019). The envelope of results (blue range) corresponds to the envelope of results 
produced by all the GCMs while the blue line is the average of the models. Current trends indicate for the 
local area an increase in temperature associated with reduction in annual rainfall and an increase of storm 
peaks.  

Figure 10 shows the change in monthly precipitation by 2060-2079 while Figure 11 and Figure 12 show the 
increase in 24hr storm intensity for a 1 in 10-year and 1 in 25-year recurrence interval.  

Figure 13 shows the change in monthly temperature. Temperatures are expected to rise between 3 and 4 
degrees by horizon 2060-2079. This will affect the evaporation, but it is difficult to estimate as it depends on 
a number of climate variables (e.g. wind, humidity, temperature).  
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Figure 10 – Projected change in monthly precipitation by 2060-2079 

 
Figure 11 – Projected change in 1 in 10 yr. storm event 

 
Figure 12 – Projected change in 1 in 25 yr. storm event 

 

 
Figure 13 - Projected change in monthly temperature by 2060-2079 
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The stochastic rainfall model was adjusted so that the following statistics vary linearly from 2020 to 2070: 

◼ Average Annual precipitation is expected to decrease by approximately 50 mm/annum by the horizon 
2070.  

◼ Average Monthly precipitation is expected to decrease at the beginning of the rainy season from 
September to December while a slight increase could be anticipated during the month of January to 
March. 

◼ Climate models suggest that the intensity of a storm event will increase. Data shows an increase of 
approximately 10 mm/d for the 1 in 25yr storm recurrence interval by horizon 2060-2079. 

◼ Based on the temperature changes, it is expected for evaporation to increases by 5% by the horizon of 
2070   
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4 Baseline simulation 
The status quo model was simulated against 100 rainfall sequences for the period 2011 to 2058. Results of 
the simulation are shown in the sections below.  

4.1 Simulation Results 

4.1.1 Total Water Consumptive Use 
The total water consumptive use is defined as the total water use by the mine to run its operations. Due to 
the planned ramp-up in production, simulation results show that the mine total consumptive use (see Figure 
14) will rise up from a historical average of 12.2 Mm3/annum between 2015 and 2019 to between 
13.5 Mm3/annum and 15.5 Mm3/annum. Note that the mine water use was relatively high in 2019 which was 
likely due to consecutive dry rainfall years together with pump failures at the pit sump which led to 
overconsumption of Mokolo water.    

 
Figure 14 - Simulated Percentiles of Total Water Consumptive Use 

4.1.2 External Water Use 
Given the current assumptions regarding the prioritising of water, external water use is expected to increase 
from an average of 4.9 Mm3/annum between 2016 and 2020 to between 7.4 Mm3/annum and 8 Mm3/annum 
in 2022. Note that this is above the current allocated limit which is 6.88 Mm3/annum. The demand is 
expected to range between 6.8 Mm3/annum and 8 Mm3/annum by 2058.  

The model simulated a peak in demand for external water during the period 2030-2034. This is likely due to 
the configuration of the model where the pit sump moves from the mid pit to the North pit in 2030. The 
catchment of the Mid Pit workings reports only to the backfill interstitial storage from 2030 onwards. The 
decrease in inflows to the pit sump leads to a dry sump and additional water needs to be supplied to the 
mine (see section 4.1.3 on Pit Water Management). Note that this could be mitigated during operation by 
keeping a temporary sump in the mid pit until the entire workings is in the North Pit.  

Note that external water consumption in the baseline scenario is dependent on the current prioritisation of 
water sources and current plant inefficiencies. It can therefore be said that the mine will continue to be 
operated the same way in the future as it was historically. Any change to control philosophies/prioritisation is 
seen as a scenario and therefore not discussed in the Report. 
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Figure 15 - Simulated Percentiles of External Water Supply 

4.1.3 Pit Water Management 
The model simulation shows that given the current baseline assumptions, the pit sump volume (Figure 16) is 
expected to increase as mining continues. This is partly due to the mining footprint increasing over time 
together with the rise of new water entering the mine as production increases. It is also due to the large plant 
inefficiencies contributing to recharging water in the backfill continuously via water released to the N1 
channel.  

◼ 2020-2030: A closer look shows that for the period 2020 to 2030 (Figure 17) the volumes are expected to 
grow within the pit as the mine is ramping up production. The median volume grows from 2 Mm3 to 
6.5 Mm3 in 2030 with ranges. The pit sump does not dry up during this period.  

◼ 2030-2035: Water from the Pit Mid backfill will start decanting between 2030 and 2035 as the pillar in 
between Pit North and Pit Mid is being mined from an elevation of 810 m to 804 m as shown in Figure 18. 
When the level within the backfill of the Mid Pit reaches the pillar elevation, it will start decanting into the 
pit sump. This will lead to a sharp rise in the volume of inflows to the pit sump and, contrary to previously, 
no storage buffer will be provided by the backfill within the North Pit as it is now mined downhill. Note that 
the elevation of the pillar has a significant influence on the timing and volumes that will be decanting into 
the North Pit. 

◼ 2035-2058: The model shows that the average sump changes from 9 Mm3 in 2030 to up to 23 Mm3 in 
2035. From approximately 2045, the volume in the sump is expected to rise quite significantly as the 
amount of water entering the pit far exceeds the amount of water leaving. The faults will create a natural 
sump in the northern side of the northern pit, but the pit is dipping towards East i.e. direction of the pit 
advance. Volumes in the pit sump by 2057 are expected to range between 65 Mm3 and 120 Mm3 by the 
end of the life of the mine.  

The volumes that are simulated within the pit when mining occurs within the North Pit are considerable and 
water will need to be pump continually to dry the pit bottom, allowing to mine B11. Currently, the most 
significant factors influencing these volumes are the control of the inflows, e.g. the pillar elevation and 
volumes and water in the N1 channel associated with plant water management inefficiencies. Part of these 
inefficiencies is also due to the absence of water storage on the surface for both storage management and 
pit dewatering efficiency.     
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Figure 16 - Percentile of Pit Sump Volumes 

 

  
Figure 17 - Percentile of Pit Sump Volumes (2011-

2031) 

 

Figure 18 - Percentile of Pit Sump Volumes (2031-2058) 
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Figure 19 - Percentile of Pit Sump Elevations 

 
Figure 20 - Percentiles of volumes stored within backfill 

4.1.4 Water Quality 
The simulated TDS concentrations of the pit sump are shown in Figure 21. The model shows that the TDS 
concentration is expected to stabilise at just under 4 000 mg/l, only slightly higher than the current median of 
3 672 mg/l. There may be significant variability in the concentration of the pit sump water around the period 
2030 to 2034. For this period some of the model runs show that the pit sump is empty, with evaporation of 
the remaining water in the pit sump causing concentration spikes. These concentration spikes will be diluted 
again as water enters the sump, before any water is pumped from the pit sump to the rest of the mine. The 
concentration spikes are therefore not expected to have an impact on the mining or coal wash plant 
operations.  

The other water quality parameters also follow the same pattern as the overall TDS concentrations shown in 
Figure 21.  
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Figure 21 - Percentiles of Simulated TDS Concentrations at the Pit Sump 

The median water quality parameter values for the pit sump, GG 1 to 6 and GG 7 & 8 for the later part of the 
modelling period are listed in Table 7 together with the South African Water Quality Guideline derived values 
at which we want to maintain the mine water circuits in order to prevent significant corrosion or scaling 
problems as well as the current Water Use Licence limits that should not be exceeded. 

Table 7 - Long Term Median Water Qualities compared to Industrial Use & Water Use Licence Limits 

Parameter Units Pit Sump GG 1 to 6 GG 7 & 8 SAWQG 
Industrial 

Water Use 
Licence 

TDS mg/l 3 889  3 036 3 716 5 000 5 000* 

Calcium mg/l 553  467 595 550 700 

Magnesium mg/l 321  220 247 600 300 

Sodium mg/l 108  108 121 400 600 

Potassium mg/l 26.9  25.4 32.1 100 - 

Alkalinity 
mg/l as 
CaCO3 

100  162 187 100 - 

Chloride mg/l 97.5  102 112.2 100 400 

Sulphate mg/l 2 598  1 842 2 249 3 500 3 000 

Fluoride mg/l 1.11  1.04 1.27 - 5 

Nitrate & 
Nitrite 

mg/l as N 5.6 8.31 12.0 - 35 

Ammonia mg/l as N 3.7  1.53 1.29 - - 

Phosphate mg/l 0.093  0.13 0.14 - - 

Iron mg/l 0.71  0.28 0.21 5 - 

Aluminium mg/l 5.4  1.83 1.21 5 - 

Manganese mg/l 10.5  4.26 3.41 5 - 
* Based on an Electrical Conductivity of 500 mS/m and a conversion factor of 10 (mg/l)/(mS/m). 

The results in Table 7 show the following water quality related concerns with the base case: 

◼ The combination of a high calcium concentration and a high alkalinity concentration will result in the 
precipitation of calcium carbonate in the mine water circuits. See also the discussion in Section 3.4 and 
Table 3. Whether this precipitation causes operational problems or not will depend on where the 
precipitation occurs, with precipitation most likely just after the point where the MCWAP2 water mixes 
with the re-circulating mine water. In a worst-case scenario, it will scale water pipes and other water 
infrastructure and result in the gradual capacity loss of the pipes and water infrastructure. High solids 
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content in streams and periods of undersaturation can prevent the build-up by intermittently abrading or 
dissolving any scale that has formed. 

◼ Magnesium is the only parameter for which a long-term median value exceeds the water use licence limit, 
but this is only for the pit sump water. If magnesium was the only concern it would be worthwhile to 
request a relaxation for magnesium rather than implement expensive treatment infrastructure for a 
parameter that is relatively benign from both a mine water circuit equipment protection and from an 
environmental protection point of view. 

◼ The chloride concentration is around or slightly above the ideal limit for industrial use. The concern is 
around accelerated corrosion of wetted metal components in the coal wash plant. Chloride does not have 
a direct negative impact on the coal product and is also not an environmental concern. Here the trade-off 
is between water treatment costs versus costs associated with accelerated corrosion of the coal wash 
plant infrastructure. 

In the model the supply of external water switches from the current Mokolo supply to the future MCWAP2 
supply in the year 2025. When looking at the TDS concentrations in Figure 21 we do not see any noticeable 
increase in the pit sump TDS as a result of switching the external water supply from the low TDS Mokolo to 
the higher TDS MCWAP2 water. Other points in the mine water circuit also do not show a significant 
increase due to the change from Mokolo to MCWAP2. Table 8 lists the salt loads from the main salt load 
sources on the mine as well as from the external water supply for both the current Mokolo and the future 
MCWAP2 supply.  

Table 8 – Salt Load Comparisons 

Salt Load Source Time Period Units Average of Median Values 

Pit to Plant 2048 – 2057  tonne/month 1 238 

Runoff 2048 – 2057 tonne/month 468 

Boreholes 2048 – 2057 tonne/month 217 

External – Mokolo 2015 – 2024  tonne/month 26.6 

External - MCWAP2 2048 – 2057 tonne/month 372 
 

Figure 22 to Figure 25 provides a visual indication of the salt loads over time from the main salt load sources 
on the mine. 

 
Figure 22 – Pit Water to Plant Salt Loads 
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Figure 23 – Runoff Salt Loads 

 
Figure 24 – Borehole Salt Loads 

 
Figure 25 – External Water Salt Loads 

When reviewing the salt loads that enter the mine water circuit from the various sources, we see the 
following: 
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◼ The salt load from the external water source increases from around 26.6 tonne per month to 372 tonne 
per month largely due to the switch from Mokolo to MCWAP2 water, although the increase in water use 
also plays a small role in this increase. This is a 14-fold salt load increase. 

◼ The MCWAP2 salt load, although not insignificant, is relatively low compared to the combined salt loads 
from the other salt sources on the mine and switching from Mokolo to MCWAP2 adds 18% to the 
combined salt loads going to the coal wash plants. 

Other water uses on the mine that were thought to possibly be sensitive to the switch over from the higher 
quality Mokolo water to the lower quality MCWAP2 water were the flocculant make-up and the gland seal 
water. 

After consultation with the flocculant supplier it was confirmed that the make-up water used for dissolving the 
powdered flocculant can be a high TDS water, but it has to meet the following requirements: 

◼ pH 6.5 to 8.0 

◼ Low turbidity 

The mine is currently using a mixture of Pit and Bosbok Dam water and the flocculant is working ok. Elevated 
algae concentrations, resulting from possible eutrophic conditions when switching to MCWAP2 as discussed 
in Section 3.4, can lead to high turbidity in the make-up water which can interfere with the flocculant make-up 
process as well as lead to increased flocculant consumption in the coal plant clarifiers. For the flocculant 
make-up process a simple cartridge filter or small sand filter-based filtration step, to remove algae from the 
make-up water, will usually be effective. For the coal plant clarifiers, the lowest cost option is typically to 
increase the flocculant dosage as and when required. The residual organics (from the sewage treatment 
process) in the MCWAP2 water will typically not interfere significantly with the flocculant or may increase 
flocculant demand slightly and laboratory testing may be useful to rule out this possible concern. Whether the 
pre-treatment of MCWAP2 water as proposed in Section 3.4 is implemented or not, once the MCWAP2 
water mixes with the mine water the pre-treatment reactions that will reduce the phosphate will take place 
and the concerns relating to algae and organics are therefore reduced. Furthermore, the impact, if any, is 
manageable or there are low cost small localised treatment options available. It was therefore decided that 
the GoldSim model does not need to treat flocculant make-up water separately in the model as the flocculant 
make-up does not need a separate supply of high quality Mokolo or Potable water After consultation with the 
relevant plant operating personnel the source of the gland seal water was confirmed to be a mixture of 
Bosbok Dam water and Mokolo water. Again, no special low TDS requirements for the gland seal water were 
identified and high TDS water is both acceptable and used at present, with the only requirement likely to be 
that the suspended solids should be low to limit wear on the gland seals. Single cellular algae, from possible 
eutrophic conditions after switching over to MCWAP2 water, are generally not a concern for gland seal water 
as they are generally not abrasive the way that inorganic suspended solids are. However, stringy algae may 
cause blockages of the small diameter piping supply the gland seal water and some form of fine screening or 
cartridge filtration of the small volume of gland seal water may be required to adequately protect the gland 
seals.  The residual organics in the MCWAP2 water are unlikely to have any impact on the gland seal water 
use. Whether the pre-treatment of MCWAP2 water as proposed in Section 3.4 is implemented or not, once 
the MCWAP2 water mixes with the mine water the pre-treatment reactions that will reduce the phosphate will 
take place and the concerns relating to algae and organics are therefore reduced. There are low cost small 
localised treatment options available to mitigate any impact if required. It was therefore decided that the 
GoldSim model does not need to treat gland seal water separately in the model as the gland seal water 
supply does not need to be a separate supply of high quality Mokolo or Potable water. 

However, in the process of consulting regarding flocculant make-up and gland seal water, the air 
compressors were identified as equipment that requires clean water for cooling. At the time of writing this 
report no specific water quality limits for this water use were available and no information on the quantity of 
clean water required for the compressors was available. It is however likely that in isolation as well as in 
combination, the scaling mine water chemistry, possible suspended algae and residual organics will all be 
problematic for the air compressor cooling system as the associated temperature change will promote 
scaling and/or biofouling of the heat exchange surfaces. Therefore, it is assumed for now that the flow is 
negligible and will be replaced with Potable water (same as current Mokolo) in future if the MCWAP2 quality 
is not acceptable. 
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4.2 Integrated Water Balance 
The Integrated Water Balance results for average rainfall (350mm and 576mm per annum) are presented 
below for: 

◼ Hydrological Year 2020/2021 in Figure 26 

◼ Hydrological Year 2029/2030 in Figure 27 

◼ Hydrological Year 2029/2030 in Figure 28 

◼ Hydrological Year 2039/2040 in Figure 29 

◼ Hydrological Year 2049/2050 in Figure 30 

◼ Hydrological Year 2056/2057 in Figure 31 
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Figure 26 – Simulated Average Annual Water Balance (2020/2021) 

Note that the colour scheme used in Figure 26 to Figure 31 for the representation of the different flows are 
for illustration only and do not represent a standardised classification of water. A general colouring usage 
was chosen: 

• Blue represent inflows of cleaner water into the system  
• Red represents dirtier water flow across the system 
• Black is used for water lost from the system modelled 
• Yellow represents the variation of storage within the body of water and over the period represented  
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Figure 27 – Simulated Average Annual Water Balance (2029/2030) 

(Annual Oct 2029 to Sep 2030)
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Figure 28 – Simulated Average Annual Water Balance (2034/2035) 

 

(Annual Oct 2034 to Sep 2035)

INFLOWS Averaged simulated rainfall years ranged between OUTFLOWS
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Figure 29 – Simulated Average Annual Water Balance (2039/2040) 

 

 

(Annual Oct 2039 to Sep 2040)

INFLOWS Averaged simulated rainfall years ranged between OUTFLOWS

(m3/annum) 360 mm/annum and 576 mm/annum (m3/annum)
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Figure 30 – Simulated Average Annual Water Balance (2049/2050) 

 

(Annual Oct 2049 to Sep 2050)

INFLOWS Averaged simulated rainfall years ranged between OUTFLOWS

(m3/annum) 351 mm/annum and 580 mm/annum (m3/annum)
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Figure 31 – Simulated Average Annual Water Balance (2056/2057) 

  

(Annual Oct 2056 to Sep 2057)

INFLOWS Averaged simulated rainfall years ranged between OUTFLOWS

(m3/annum) 350 mm/annum and 580 mm/annum (m3/annum)
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4.3 Overall System Annual Water Balance 
The average annual flow across the system, and for average annual rainfall year, is shown in Figure 32. The 
figure summarises the overall water balance of the system, which by definition should ensure that: 

𝑇𝑜𝑡𝑎𝑙 𝐼𝑛𝑓𝑙𝑜𝑤𝑠 − 𝑇𝑜𝑡𝑎𝑙 𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑠 = 𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝑡𝑜𝑟𝑎𝑔𝑒 

The figure shows a progressive rise of water inflows to the system. This is due to a number of factors: 

◼ Increase in production from 2021 leads to an increase in water demand; 

◼ Increase in the mine footprint as mining progresses and the stormwater catchment increases; 

◼  
Figure 32 – Overall System Annual Water Balance 

A breakdown of the total inflows and total outflows to the system are shown in Figure 33 and Figure 34, 
respectively. 

Note the following: 

◼ Rainfall / Runoff correspond to the amount of water received by open water bodies through rain and 
runoff. For the exception of the backfill / rehabilitated area where values are reported as direct rainfall and 
evaporation onto the catchment. 

◼ Product and Waste outflows correspond to the amount of water which is not recovered in the model. In 
the case of product some of the seepage is recovered in the Bosbok dam while in the case of the Waste 
some of the water is deposited onto the backfill catchment area. 
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Figure 33 – Average Annual Total Inflows for an average rainfall year 

 
Figure 34 - Average Annual Total Outflows for an average rainfall year  
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5 Conclusions 
The calibrated GoldSim water balance model previously developed was extended to simulate water quantity 
and quality across the mine system at Grootegeluk in the future.  

The model was run for the baseline scenario. The simulation shows that: 

◼ The external water demand is expected to rise to between 6.8 Mm3/annum and 8 Mm3/annum as 
production increases. This demand could be significantly reduced by optimising the efficiency of the water 
management systems together with the presence of a surface dam that could assist with automated pit 
dewatering inflows.   

◼ The amount of water in the pit sump is expected to increase significantly above its capacity. The range of 
volumes to be handle increase significantly when water from the Mid Pit start decanting into the North Pit 
and the middle pillar is mined down to 804 m. Currently the mine brings new water into the mine system 
unnecessarily which is “lost” to filling up storage in the backfill when discharged into the N1 channel. 
Limiting the volumes that report to the N1 channel and/or increasing the height of the central pillar 
elevation would drastically reduce the volume to be dealt in the pit sump from 2030 and until the end of 
the mine. Note that this option will also limit the amount of water available through the pit sump system 
before 2030.  

◼ The model shows that 18 d of external water supply storage is available within the system, but this is 
within the pit sump.  

◼ The switch from the MCWAP 1 (Mokolo) water quality to MCWAP2 results in an 18% increase in the 
overall TDS salt loads reporting to the coal wash plants. However, this does not have a significant impact 
on the TDS in the long term with the TDS stabilising under 4000 mg/l for the pit sump as well as GG 1 to 
6 and GG 7 & 8.  

◼ The switch to MCWAP2 water poses a significant scaling risk in the mine water circuits due to the 
combination of the high calcium in the mine water and the high alkalinity in the MCWAP2 water resulting 
in calcium carbonate precipitation. MCWAP2 water pre-treatment or treatment options include:  

− Lime softening pre-treatment (lime dosing, reactor, clarifier),  

− Reaction with the mine water in a controlled environment (mine water ‘dosing’, reactor, clarifier), or 

− Treatment in the neutralisation section of the mine water treatment plant that is part of the scenarios 
being evaluated in the next report. 

◼ The switch to MCWAP2 water results in a risk of eutrophication of the surface mine water due to the 
presence of elevated nitrate and phosphate concentrations. This increases the potential for the growth of 
algae and possibly even toxic blue-green algae or other floating water plants that create an operational 
nuisance. The algal growth may require localised filtration for specific water users e.g. flocculant make-up 
or gland seal water, and may also increase the demand for flocculant in the coal plant clarifiers. The 
residual organics in the MCWAP2 water are less likely to cause problems but laboratory testing may be 
useful to rule out potential problems.  

◼ The same MCWAP2 pre-treatment that is proposed to address the calcium carbonate scaling risk will 
also reduce the eutrophication risk through the removal of a significant portion of the phosphate and can 
be optimised to maximise phosphate removal further.  

◼ When mixing MCWAP2 water with mine water, even if no active pre-treatment of the MCWAP2 water is 
implemented, the same reactions as for active pre-treatment are likely to occur naturally somewhere 
along the mine water circuits, reducing the risk of eutrophication even if pre-treatment is not implemented. 
However, this option will result in the deposition of the resulting precipitate sludge at low points and low 
turbulence areas within the mine water circuits. 

◼ The switch to MCWAP2 water results in magnesium concentrations in the pit sump being higher than the 
current water use licence limit, although, after blending with MCWAP2 water, the concentrations are 
within the water use licence limit at the surface infrastructure. 
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◼ The switch to MCWAP2 water also results in the chloride concentrations being at or slightly higher than 
the desired chloride limits to prevent significant corrosion in the mine water circuits and coal wash plants. 
This will have no impact on the coal product quality but is a cost optimisation question between water 
treatment costs versus costs associated with slightly accelerated corrosion of the metal components of 
the mine’s water infrastructure. 

◼ While this is a baseline study for long term projects, the mine should continuously strive to optimise and 
automate its systems, develop a culture of water efficiency management and continue to improve the 
solidity of the water balance model to be able to learn with the changes that occur in the system, by doing 
so limit the risks associated with water management. 
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1 Introduction 

1.1 Background 
Exxaro’s Grootegeluk Complex (GGC) is a mining- and process operation within the Waterberg Coalfield of 
the Limpopo province of South Africa. The GGC comprises of an open cast coal mine (the Mine) and several 
beneficiation processes (the Plant) that crushes and separates the extracted coal ore.  The GGC is 25 km from 
Lephalale, located at 23°33’25.32” S; 27°33’59.96” E (indicated by Figure 1 below). 

 
Figure 1: Location of the Grootegeluk Complex (GGC) 
Source: Exxaro Mine Resources and Ore Reserves Report 2017 

The main objective of the overall Grootegeluk Integrated Water Management Strategy (GGIWMS, also referred 
to as “the/this Project”) is to improve the overall water management at Exxaro’s Grootegeluk Complex (GGC) 

and to consider the surrounding expansion and planned future projects.  The overall strategy must work 
towards compliance in relation to clause 6 and clause 7 of the GN704 of the National Water Act (Act 36 of 
1998), thereby keeping clean water areas and dirty water areas separate and limiting dirty water spills to the 
environment.  Furthermore, this study is aimed at providing GGC with an improved water management strategy 
considering the technical, financial and legal aspects of the different options to be investigated.  

The Prefeasibility Study (FEL 2, also referred to as “the/this Study”) part of the GGIWMS has been mapped 

out to assist Exxaro to select the best go-forward case from different alternatives to improve the water 
management. The review and comparison of the different options identified for the Project includes a financial 
model to compare the costs, which includes capital and operational cost over the design period to provide 
GGC with an optimal set of business outcomes. This aims at ensuring the best financial outcome for GGC that 
satisfies the technical, operational, and legal requirements of the Project. The business case of the selected 
go-forward case should include a trade-off study with the cost of maintaining the current status quo. The 
financial model will further include the net present cost of the different alternatives and consider the impact of 
the water source on the system. This should include the optimisation of water re-use, importing water, 
groundwater make-up etc. 

The complete mining area applies to the Project and the key focus areas and main components applicable to 
the assignment are shown and listed in Figure 2. Refer to Appendix A for the Process Flow Diagram (PFD) of 
GGC’s water circuit.

Grootegeluk 
Coal Mine 
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Figure 2: Key focus areas and main components 
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1.2 Project scope 
The current surface water management on the GGC discharges a substantial volume of surface water via a 
network of lined canals into the plant to pit channel (N1 channel) and then into the pit. Some surface water 
also reports to Bosbok Dam and other low-lying areas. The N1 channel discharges this surface water into the 
Bench 11 sump, from where it seeps into the backfill, accumulates, and eventually decants into Bench 13 
sump (level dependant). Water that does not daylight into the Bench 13 sump is believed to remain in the 
backfill. Information received from historical sampling and discussions with the GGC personnel, indicates that 
the pH of the water decreases significantly as the water migrates towards the Bench 13 sump. In-pit lime 
dosing is applied at Bench 13 sump to correct the pH before this water is pumped back to the Plant or used 
for dust suppression. 

The volume and quality of the water in the Bench 13 sump is currently having an adverse effect on the mining 
operations and water management strategy for GGC. Exxaro has taken the decision to consider changing the 
water management strategy for GGC, by diverting the surface water away from the pit. This creates complex 
engineering challenges in designing a solution that encompasses all aspects relating to the overall water 
management strategy. 

It is imperative that the new water management strategy should be developed by taking a holistic view of all 
the different components and aspects that influence the management of water at the GGC. This problem 
cannot be solved by investigating the different components in isolation and an integrated approach was 
therefore required to optimise GGC’s water management strategy and related infrastructure.  

The best solution to this problem can only be achieved by considering the best engineering solutions in 
conjunction with the business case for each option. This is compared and assessed on a risk-based approach 
that encompasses not only the technical and financial parameters of the Project, but also includes the impacts 
on business plan drivers.  This also impacts the health and safety of the GGC’s personnel and resources and 
the effect of the strategy on the long-term operations of the GGC on production, mine backfilling operations 
and sustainable and responsible water management practices. 

An integrated solution should be developed that maximises the re-use of affected water at the GGC, thereby 
reducing its reliance on imported water and providing a cost benefit to the operations considering the life cycle 
of the Project.  

However, the project scope has evolved as more information came available and further smaller study 
components were added to the Study.  The following instances apply: 

◼ Outcomes of the initial status quo water balance model runs; 

◼ Outcomes of the MCWAP2 supply study that was added to the Study; 

◼ Significant update of the Life of Mine (LOM) plan; and 

◼ The Olifantskop study were introduced which directly linked to the Project. 

Original problem statement 
A substantial amount of surface water runoff and overflow is conveyed via the plant to pit channel (N1 channel) 

and discharges into the pit void. This leads to water quality decreasing and a substantial amount of pit water 

to deal with.   Other issues include the Olifantskop Dam non-compliance and 18 days water storage required 

as emergency water supply backup.  

The quantity and deteriorating quality of the water reporting to Bench 13 sump is having an adverse effect on 
the mining operations and on the overall water management strategy for the GGC. As water seeps from 
Bench 11 into the backfill the water level rises, and as it seeps through the backfill the water quality 
deteriorates. There is a concern that rising water levels in the backfill could cause settlement of the backfill 
and in turn lead to stability issues. Exxaro has identified the need to change the water management strategy 
for the GGC by diverting the surface water entering the pit.  This can be done by reducing surface water runoff 
and diverting the remaining runoff that flows into plant to pit channel (N1 channel) away from the pit.  

The original scope required the following main actions: 
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1. Improve overall water management;  

2. Keep external surface water out of the pit; and 

3. Work towards compliance in relation with clause 6 and clause 7 of the GN704 of the National Water 
Act (Act 36 of 1998).  

Revised problem statement after status quo water balance model was run 
Added: A large volume of water will be inaccessible in the backfill. This reduction in accessible water will lead 

to the exceedance of the MCWAP raw water allocation to sustain coal production. 

Once the Integrated Water and Salt Balance Model (WSBM) was completed and reviewed (based on the LOM 
information sent on the 12th December 2018), new challenges were identified and redirected the focus of the 
Project: 

◼ It became apparent that there was a high probability that the future agreed MCWAP allocation would be 
exceeded for a selective period.  A lack of water was not part of the original problem statement. 

◼ Dealing with excess water in the open pit turned out to be less of a problem, as the backfilling and mining 
will take place against an uphill slope. The model indicated that water entering the pit was being stored in 
the backfill and when reaching a certain level, this water would daylight in Bench 13 sump. Less water was 
now daylighting due to the backfill progressing and mining uphill.  

◼ New scenarios were added to utilise the ever-increasing storage capacity of the backfill by abstracting water 
from the backfill through different methods. 

◼ The model indicated, once mining progresses to the Northern Pit, that the water stored in the backfill will 
eventually decant from the current pit (Middle Pit) into the future Northern Pit. This is however highly 
dependent on the LOM plan and the planned geometry of the area between the Middle- and Northern Pit. 

Therefore, taking the above into account, the scope going forward needed to deal with the following challenges: 

1. Improve overall water management; 

2. Keep external surface water out of the pit and limit water decanting into the Northern Pit; 

3. Work towards compliance in relation with clause 6 and clause 7 of the GN704 of the National Water 
Act (Act 36 of 1998); and 

4. Augment MCWAP water supply to ensure the GGC always has sufficient water for production. 

Revised problem statement adding future MCWAP2 supply constraints 
Added: Reduced water pressure and worsened water quality when the external supply to the GGC is switched 

from the MCWAP1 to the MCWAP2 system. 

An additional component was added to the GGC in October 2019 and was investigated as a separate work 
package in the Project.  The following additional challenges were introduced by the change from MCWAP1 
supply to MCWAP2: 

◼ Anticipated water quality of the future MCWAP2 system – it is understood that there is a significant 
difference between the water quality of the two MCWAP systems, which will have an impact on the salt 
balance and treatment requirements of the GGIWMS.   

◼ Consideration of the off-take point of supply (at the Matimba chambers, at Medupi or at an intermediate 
point). 

◼ Supply pressure of the MCWAP2 system – the current MCWAP1 supply pressure to the GGC at the 
Matimba chambers is 18 bar (agreements states minimum 8 bar), while the MCWAP2 supply pressure 
could only be guaranteed at 2.5 bar by DWS / TCTA. 
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Therefore, taking the above into account, the scope going forward needed to deal with the following challenges: 

1. Improve overall water management; 

2. Keep external surface water out of the pit and limit water decanting into the Northern Pit; 

3. Work towards compliance in relation with clause 6 and clause 7 of the GN704 of the National Water 
Act (Act 36 of 1998); 

4. Augment MCWAP water supply to ensure the GGC always has sufficient water for production; and 

5. Make provision for the switchover from MCWAP1 to MCWAP2 and compensate in relation to both 
water quantity and quality. 

Revised problem statement with updated Life of Mine (WINGS strategy) 
Added: A substantial amount of water need to be dealt with when mining takes place in the Northern Pit with 

a significant change in the interaction between the Middle and Northern Pit. 

A significant change in the GGC’s LOM plan was made and the WSBM was updated (based on the LOM 
information sent on the March and June 2020, also referred to as the 2019 WINGS strategy).  Figure 3 shows 
three different phases of the pit progression namely Middle Pit, Northern Pit and Southern Pit.  

 
Figure 3: Pit progression and active period of mining (LOM until 2058) 

New challenges were identified and redirected the focus of the Project: 

◼ A substantial volume of water was being reported to the Pit Sump especially once mining in the Northern 
Pit commences. Due to the new geometry proposed by the new LOM plan, a much more significant volume 
of water that is stored in the backfill in the Middle Pit will decant into the Northern Pit  

◼ In order to quantify the volume of excess water accumulating in the Northern Pit and the effect on mining, 
future water levels in the Northern Pit were modelled by Exxaro (June 2021).  Table 1 shows simulated 
water elevations in the pit for the 50th, 75th, 80th and 90th percentile, base case, if no scenarios are 
implemented.  

Table 1: Northern Pit model baseline results (provided by Exxaro, June 2021) 

Year 2040 2045 2050 

Percentile Water volume 
(m³) 

Water level 
(masl) 

Water volume 
(m³) 

Water level 
(masl) 

Water volume 
(m³) 

Water level 
(masl) 

50th (B001-50) 55 772 322 818.91 76 924 493 816.35 96 457 288 813 

75th (B001-75) 60 962 978 820.54 84 090 110   104 940 822   
80th (B001-80) 62 227 732 820.92 85 693 534   106 965 753   
90th (B001-90) 67 753 361 822.60 91 511 671 820.20 112 618 630 817.00 

 
Figure 4 illustrates the different bench elevations in the Northern Pit for the 2040 simulation. Mining of this pit 
is predominantly downhill and therefore excess water accumulates at the mining face, mine progressing from 
west to east. Figure 4, along with Table 1, show that only benches above 822.6m will be above water in 2040, 
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as illustrated in Figure 5. Therefore, GGC will not be able to mine the Northern Pit, as all benches up to B3 
would be flooded based on the 90th percentile base case model results and ultimately ceasing all production 
activities at GGC prematurely. 

  

Figure 4: 2040 Simulation showing bench 
elevations in the Northern Pit 

Figure 5: 2040 Simulation showing anticipated 
water level in the pit, based on the 90th 
percentile base case. 

Additional scenarios had to be tested to address the substantial volume of water decanting into the Northern 
Pit. 

Therefore, taking the above into account, the scope going forward needed to deal with the following challenges: 

1. Improve overall water management; 

2. Keep external surface water out of the Middle Pit, with extra focus in limiting water decanting into the 
Northern Pit; 

3. Work towards compliance in relation with clause 6 and clause 7 of the GN704 of the National Water 
Act (Act 36 of 1998); 

4. Augment MCWAP water supply to ensure the GGC always has sufficient water for production; and 

5. Make provision for the switchover from MCWAP1 to MCWAP2 and compensate in relation to both 
water quantity and quality. 

Integration with Olifantskop Dam project 
Added: The GGIWMS project to align and incorporate designs completed by the Olifantskop Dam project. 

JG Afrika was appointed in 2020 to carry out the feasibility design of the Olifantskop Dam project which 
included the following water infrastructure components: 

◼ Reshaping and relining of the existing Olifantskop Dam project. 

◼ Diversion structure on the plant to pit channel (N1 channel) to direct lower return period rainfall events to 
the Olifantskop Dam and higher return period rainfall event to the pit (via Bench 11 sump). 

◼ Upgrade of canal system between the diversion structure and Olifantskop Dam. 

◼ Silt management system between the diversion structure and Olifantskop Dam. 

◼ Pump station feeding the Plants. 

Therefore, taking the above into account, the scope going forward needed to deal with the final list of 
challenges as captured in Table 2 below: 

Area submerged 
with water 

S
ub

m
er

ge
d 

ar
ea
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Table 2: Final problem statement for GGIWMS 

No. Problem statement 

#1 Keep external surface water out of the Middle Pit, with extra focus in limiting water decanting into the Northern 
Pit ultimately ceasing all production activities at GGC prematurely 

#2 Make provision for the switchover from MCWAP1 to MCWAP2 and compensate in relation to both water quantity 
and quality 

#3 Improve overall water management 

#4 Work towards compliance in relation with clause 6 and clause 7 of the GN704 of the National Water Act (Act 36 
of 1998), including the integration with the solutions proposed by the Olifantskop Dam project 

#5 Augment MCWAP water supply to ensure the GGC always has sufficient water for production 

#6 Overall integration with all water infrastructure components proposed by the JG Afrika project 

1.3 This Report 
This Report will discuss the range of design measures and implementations that will be considered to ensure 
successful pit water management is achieved on site to improve compliance with regulation GN 704 of the 
National Water Act (Act 36 of 1998). Specific focus will be placed on the problem statement regarding the 
significant volume of water that is reported in the Pit Sump during the baseline simulations.  

Management of the following water inflows are imperative to ensure that the mining activities in the pit are not 
adversely affected: 

◼ Recharge through the rehabilitated and backfilled areas 

◼ Plant overflow (conveyed via the N1 channel) 

◼ Surface water runoff 

◼ Ground water ingress 

◼ Rainfall on the void (open area) 

This Report will quantify the various water inflows and present possible solutions with regards to managing the 
risk accompanying these inflows. 

1.4 Reference documents 
The following documents are the key reports which should be read in conjunction with this Report; 

◼ 503771-1100-REP-JJ-0002 – Integrated Water and Salt Balance Baseline Model Report – Part 2; 

◼ 503771-0000-REP-JJ-0003 – GGIWMS Options Identification Report; 

◼ 503771-0000-REP-JJ-0007 – GGIWMS Options Design Report;503771-1500-REP-CC-0003 – 
Stormwater Management Report; and 

◼ 503771-0000-REP-JJ-0009 – Pit Dewatering Strategy. 

 

The documents listed above form the basis of this Report, for further information which relates to the pit water 
management, please refer to the following documents: 

◼ 503771-0000-REP-JJ-0001 – Basis of Design; 

◼ 503771-1100-REP-JJ-0001 – Integrated Water and Salt Balance Report – Part 1;  

◼ 503771-1200-REP-JJ-0002 – MCWAP2 Options Analysis Report; 

◼ 503771-0000-MED-JJ-0012 – Technical Scrubbing Workshop Conversation Capture; 
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◼ 503771-0000-MED-JJ-0013 – Options Analysis Workshop Conversation Capture; 

◼ GGIWMS Document Register; 

◼ GGIWMS Drawing Register; 

◼ Minutes of meeting, LOM Plan Changes, Doc No. GGX-000184-PMG-MOM-0003, dated 19 July 2019; 

◼ Options Analysis Report – Detailed Design and Construction Monitoring for the Olifantskop Pollution 
Control Dam and Ancillary Stormwater Management Infrastructure Upgrade, JG Afrika (Pty) Ltd, Report 
No. GGC-000753-3541-CMA-RPT-0012-Rev00, dated December 2020; and 

◼ Permission to use 2019 LOM Plan layout for the GGIWMS memorandum, dated 9 March 2020. 
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2 Baseline simulations 
This portion of the Report will give a broad overview of the different assumptions regarding the inputs and the 
simulated results of the water balance model. The Integrated Water and Salt Balance Baseline Model Report 

– Part 2 should be perused for a much more detailed description of the overall water management system. 

2.1 Pit progression 
It should be noted that this LOM plan may evolve from the time of writing this Report, as the 2019 WINGS was 
used as the LOM basis of analysis for this Study. The LOM plan up until the year 2058 was used to assess 
the progression of the pit and how this progression will impact on the amount of water entering the pit. A high-
level representation of this progression has been included in Figure 3 in Section 1.2. The progression can be 
divided into three different subsequent phases namely the Middle Pit, Northern Pit and Southern Pit. The pit 
will continue expanding in its current western trajectory up until the year 2035. Starting in the year 2030 the 
box-cut in the northern portion of the pit will be opened and the mining activities in the Northern portion of the 
pit will continue up until the year 2055. In the year 2050 mining activities will commence in the Southern portion 
of the pit and continue up until the end of the LOM in the year 2057. Inputs and assumptions regarding the pit 
progression should be reviewed and updated before the detailed designs are considered to ensure the design 
is still aligned with any potential updates on the LOM plan.  

Water accumulation in the pit will affect the three different horizons in the following ways: 

◼ Middle Pit (also referred to as Pit Mid) – The current mining activities consist of an open pit and a small 
portion of unrehabilitated backfill. Mining within this section of the pit is in an uphill direction and therefore 
excess water will collect at the backfill area; 

◼ Northern Pit (also referred to as Pit North / North Pit) – Mining within this portion of the pit is majority 
downhill and thus the excess water will decant from the backfill and accumulate at the mining face; and 

◼ Southern Pit (also referred to as Pit South / South Pit) – Mining in the Southern portion of the pit will 
progress in an easterly direction and this section will not be backfilled and rehabilitated. Resulting in a 
large open void. 

2.2 Pit Sump 
Following a calibration exercise using varying Pit Sump sizes recorded between the years 2010 and 2020 and 
due to the sheer complexity of modelling a range of Pit Sumps it was proposed to only use a single fixed Pit 
Sump with the following characteristics: 

• Pit Sump capacity is fixed at 800 000 m3; 

• The Pit Sump will always be located at the advanced section of the mining activities; 

• The Pit Sump elevation is at the lowest elevation of the mining face when mining is progressing downhill; 

• The Pit Sump elevation is at the lowest elevation of the backfill face when mining is progressing uphill; 

• The crest of the Pit Sump will always be at the same elevation as Bench 11 bottom elevation; and 

• The bottom of the Pit Sump will be the same elevation level as the bottom of Bench 13. 

The sump positions will move in the Middle Pit according to the sump strategy received from Exxaro (2018-
03-20). The sump position will be shifted in a westerly direction up to year 2037. According to the mine 
progression plot, the box cut of the Northern Pit will commence in the year 2030 and then the pit dewatering 
sump would need to be moved to the Northern Pit.  Refer to Figure 6 for the proposed sump strategy of the 
Northern Pit and to Figure 7 for the sump strategy of the Middle Pit as received from Exxaro. 
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The coordination and movement of the pit dewatering infrastructure and the sump positions should be 
confirmed by Exxaro mining team, and the proposed positions and possible placement of the pit dewatering 
infrastructure is only a guideline that was used to size and design the different pumping systems. 

For more information regarding the detailed pit dewatering management system and the design thereof the Pit 
Dewatering Strategy (503771-0000-REP-JJ-0009) should be consulted. 

 

Figure 6: Proposed sump strategy - Northern Pit box cut and Northern Pit 

 

 

Figure 7: Sump strategy layout for the Middle Pit (2018-03-20) obtained from Exxaro 

Proposed 2026 
sump location 

Proposed 2028 
sump location 

Proposed 2035 
sump location 

Proposed 2024 
sump location 

Proposed 2045 
sump location 

Proposed sump 
location 

Proposed sump 
location 
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2.3 Backfill water storage 
The backfill material used to rehabilitate the pit void can store water below the levels of mining elevations. The 
baseline simulations used a 30% void ratio to estimate the potential water storage volume that is created in 
the backfill material as the mining advances. The void ratio was however implemented as a triangular 
distribution that varies between 27% and 30% with a mean value of 30%. 

The stage storage elevation for the backfill was estimated using the projected Bench 11 contour elevations. 

 
Figure 8 - Evolution of elevation versus backfill 

water storage over time (Middle Pit) 

 
Figure 9 - Evolution of elevation versus backfill water 

storage over time (Northern Pit) 

 

The water storage potential of the Middle Pit and Northern Pit can be seen in the Figure 8 and Figure 9 
respectively (Extracted from the Integrated Water and Salt Balance Baseline Model Report – Part 2, Report 
No. 503771-1100-REP-JJ-0002). 

2.4 Baseline simulation results 
The status quo model was simulated against 100 rainfall sequences for the period 2011 to 2058. Only the 
results that will directly affect the pit water management will be discussed. For a more detailed description of 
the overall results the Integrated Water and Salt Balance Baseline Model Report – Part 2 (503771-1100-REP-
JJ-0002) should be consulted. 
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Figure 10 - Percentile of Pit Sump volumes 

The current baseline model simulation shows that the Pit Sump volume is expected to increase as mining 
activities progresses. The increase in Pit Sump volume is directly related to the increase in the total mining 
footprint as well the increase in new water entering the pit due to the increase in production at the GGC. 
Large plant inefficiencies also contribute to the continuous increase in Pit Sump volume via the water 
released to the N1 channel. Three distinct horizons are apparent from Figure 10. 

◼ 2020-2030: Upon closer inspection (Figure 11) for the period between 2020 and 2030 of the baseline 
simulations depicting the Pit Sump volume, it is apparent that an increase in the median volume from 2 
Mm3 to 6 Mm3 occurs in the Pit Sump volume.  

  
Figure 11 - Percentile of Pit Sump volumes (2011-

2031) 

 

Figure 12 - Percentile of Pit Sump volumes (2031-2058) 

 

◼ 2030-2035: During this simulation horizon water from the Middle Pit backfill will start decanting into the 
Northern Pit due to the pillar separating the Middle and Northern Pit being mined from an elevation of 810 
down to 804 masl (Figure 13) . The sharp increase in Pit Sump volume resulting from this decanting 
water is apparent in Figure 12. No additional buffer storage (backfill voids) will be available in the 
Northern Pit as the mining activities progress downhill (Figure 14). It should thus be noted that the 
elevation of the pillar between the Northern and Middle Pit could potentially have an impact on the Pit 
Sump volume in future and this option will have to be considered. 
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Figure 13 - Percentile of Pit Sump elevations 

 

◼ 2035-2058: The average volume levels in the sump changes from 9 Mm3 in 2030 up to 32 Mm3 in 2035. 
From 2045 and onward the volume is expected to rise significantly as the amount of water that enters the 
pit far exceeds the amount of water that is pumped from the pit. Volumes in the Pit Sump by the year 
2057 are projected to be 65 Mm3 and 120 Mm3 by the end of LOM. 

 

 
Figure 14 - Percentiles of volumes stored within backfill 

From the above results following the simulations, it is apparent that large volumes of water can be expected 
in the Northern Pit and this water will need to be pumped continuously to keep the pit bottom dry. Due to the 
progress of mining being downward in the Northern Pit being to Bench 11 it is very important that the Pit Sump 
is kept as dry as possible. The biggest contributing factors to the high sump volumes include: 

◼ The surface water inflows via the N1 channel due to surface water inflows into the pit which includes, but 
is not limited to, plant water inefficiencies, wash water, pit dewatering inefficiencies etc. 

◼ The lack of excess water storage capacity on surface  

◼ The pillar elevations between the Middle and Northern Pit 
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3 Pit water management 
From the baseline simulations run using the WSBM it is apparent that pit water management strategies and 
implementation of mitigation measures are required to ensure mining activities can continue uninterrupted 
throughout the LOM. This section will briefly describe the mitigation measures that were considered and the 
most probable measures that could be implemented to alleviate the large volumes of water accumulating in 
the pit. 

3.1 Options identification 
Following the baseline simulations to determine the extent of flooding in the pit, a whole range of options were 
explored to ensure the excess pit water is dealt with to minimize losses in production as well as compliance 
with regards regulation GN704 (Act. 36 from the National Water Act 1998).  

The Options Identification Phase clarified how and why decisions were made when selecting the shortlisted 
options to be further developed to a Pre-feasibility (PFS) level. All the details and considerations of these 
options are described extensively in the GGIWMS Options Identification Report (503771-0000-REP-JJ-0003). 

Following the sensitivity analysis conducted to determine the scenarios to be selected for further simulation it 
was determined during the multi criterion decision analysis (MCDA) that the idea to fix the pillar elevation 
between the middle and Northern Pit at set elevations (811 and 817 masl respectively) will result in the 
reduction of water volumes in the pit only over a short period at a substantial cost to the mine (due to leaving 
coal in place). It should also be considered that the assumption of the pillar acting as a dam embankment to 
dam up the water in the Middle Pit assumes that the pillar will be impermeable which is highly unlikely as the 
pillar will most likely be fissured. It should also be noted that establishing the pillar only delays the decanting 
of water and will not prevent it from happening and therefore only provides a temporary solution at a 
considerable cost. Therefore, this option was not further investigated. 

The ideas developed that will be considered in the scenario modelling moving forward are: 

• New surface dam 

• Utilise cyclic ponds for storage 

• Plant optimisation 

• Bosbok operational philosophy 

• Pit dewatering prioritisation 

• New surface dam overflow to spill to pit 

The above listed ideas together with all the results from the pre-evaluation were used to conventionalize 
sensible scenario combinations. This resulted in a total of five sets of 11 scenarios (55 scenarios in total).  

After analysing all the project risks for the scenarios as well as the CAPEX and NPC, the following four (4) 
options illustrated in Figure 15 have been selected as the options shortlist to be taken into the Options Analysis 
Phase. 
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Figure 15: Shortlisted options 

All four of these options will look at optimizing the pit dewatering system as well as diverting the return flow 
from the N1 into the Olifantskop Dam instead of directly into the Bench 11 sump. The methodology and 
operations of these proposed mitigations and how this will affect the water levels in the Pit Sump will be 
discussed in the sections to follow. 

3.2 N1 channel return flow diversion 
The upgrade of the Olifantskop Channel and related infrastructure is incorporated within the Olifantskop 
Pollution Control Dam and Ancillary Storm Water Management Infrastructure Upgrade project conducted by 
JG Africa. The Olifantskop channel will reroute daily flows (return flows from the plant area) and a portion of 
the runoff during large storm events to the Olifantskop Dam thereby diverting the current the bulk of the annual 
volume of water currently being conveyed by the N1 channel (channel to pit) to Bench 11 sump (which then 
seeps into the Pit/Bench 13 Sump as ground water). Figure 16 below indicates the location of the Olifantskop 
Channel for reference. 
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Figure 16: Location of the Olifantskop Channel 

 

Figure 17 below graphically represents the effects the diversion of the flow from the N1 channel (channel to 
pit) once the Olifantskop project is implemented. The implementation of the Project significantly reduces the 
return water inflows from the plant area into the pit as well as the surface runoff from its corresponding 
catchment. The total capacity of the Olifantskop channel prevents the high peak flowrates experienced during 
large storm events from routing through this channel effectively. When these large storm events are 
experienced, the capacity of the channel is exceeded and the proposed diversion structure will then laterally 
spill the excessive flows into the N1 channel. The spilled excess flows will be conveyed by the N1 channel to 
the Bench 11 Sump from where it will infiltrate into the pit..     
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Figure 17: S201-Flow to the Bench 11 sump 

 

The effects of the N1 channel diversion can be seen in the reduction in seepage flow from Bench 11 to 
Bench 13 as graphically represented in Figure 18 below. The annual inflow volume into the Bench 11 sump is 
greatly reduced due to the implementation of this Project. The seasonal runoff generated in the contributing 
catchments downstream of the diversion structure causes the seepage to cycle on an annual basis.  This can 
be seen in Figure 18 after the modelled implementation of the S201 scenario, rather than the continuous 
seepage experienced with the existing arrangement. 

 

 
Figure 18: S201-Flow to the Bench 13 sump 

Various instances of flow being 
diverted to Bench 11 sump 
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3.3 Surface storage 
Providing storage to capture, store and use water on surface has shown to very beneficial during the Options 
Identification Phase of the Project and the overall water management strategy of the GGC. Providing extra 
storage on surface showed to drastically improved pit flooding and decrease the required raw water demand 
from the MCWAP system. The following storage options were identified and determined (refer to the Options 
Identification Report and to the Options Design Report of this Study): 

◼ Reinstating the Olifantskop Dam (done by JG Afrika and applicable to all options) – 114 000 m3 

◼ Options S201 – Implementing an additional 483 245 m3 Buffer Dam 

◼ Option S301 – Implementing an additional 285 525 m3 Buffer Dam 

◼ Option S402 – Repurposing one of the Cyclic Pond cells into a water storage facility – 375 196 m3 

◼ Option S501 – No additional storage implemented over and above the Olifantskop Dam 

 
Figure 19: Pit Sump volume levels (mean values across all options) 

 
It is apparent from the simulation results in Figure 19 that the volumes in the Pit Sump (daylighted water) is 
lower when more surface storage capacity is made available on surface. The Pit Sump volume is 
considerably lower over the course of the simulation with the maximum amount of storage capacity available 
(S201 – 114 000 m3 and 483 245 m3), compared to option the options with less storage capacity available 
(S501 – 114 000 m3). The additional storage capacity is however utilized more effectively with an optimized 
pit dewatering system and this system will be discussed in the chapter to follow. 
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3.4 Stormwater management 
The purpose of the proposed stormwater management within the Grootegeluk Complex is to improve 
compliance with Regulation GN704. Prevention of “clean” and “dirty” water interaction will be required to 
improve compliance to GN704. 

The Stormwater Management Report (503771-1500-REP-CC-0003) seeks to address the Mine’s compliance 
with Regulation GN704. Figure 20 below indicates the ‘areas of concern’ where the need for improved 

compliance to Regulation GN704 has been identified.  

 
Figure 20: Grootegeluk stormwater areas of concern 

3.4.1 Clean water 
Clean water entering the pit effects the in-pit water management and can be effectively managed. To comply 
with Regulation GN704, “clean” water must be diverted away from the pit in accordance with Regulation 6(b) 
which states: 

“Design, construct, maintain and operate any clean water system at the mine or activity so it is not likely to spill 

into any dirty water system more than once in 50 years” 

Of the 11 identified ‘areas of concern’ shown in Figure 20, areas 1, 2, 4 and 5 have “clean” water runoff 
currently contributing to the pit inflows. The stormwater management infrastructure suggested in that report 
aims to divert clean water away from the pit, thereby reducing the clean water inflows currently contributing to 
the total inflows to the pit.  

The stormwater management infrastructure suggested in that report must progress as the pit expands in 
accordance with the planned mine progress plot for the efficacy of the proposed infrastructure to be maintained.  
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3.4.2 Dirty water 
The two largest sources of dirty water runoff entering the pit are from the plant area through the N1 Channel 
(discussed in Section 3.2) and from Discard Dump 4&5 (indicated as Area 3 in Figure 20).  

The suggested stormwater management infrastructure for Area 3 is merely the reestablishment/maintenance 
of existing diversion berms which will retain dirty water within the dirty catchment. This will significantly reduce 
the experienced peak runoff flowrates into the pit during a large rainfall event, however, the proposed 
infrastructure will have little effect on the total annual contributing volumes to the pit as the “dirty” stormwater 

will migrate to the Pit Sump.  

The reader is referred to the Stormwater Management Report (503771-1500-REP-CC-0003) for the proposed 
stormwater interventions 

3.4.3 In-pit stormwater management 
In-pit stormwater is derived from two sources: 

1. Direct rainfall within the pit boundary 

2. Surface water runoff entering the pit from adjacent catchment beyond the pit boundary 

The Stormwater Management Report (503771-1500-REP-CC-0003) addresses the stormwater management 
of the catchments beyond the pit boundary as described in Section 3.4.1 and 3.4.2.  

In accordance with the pit dewatering strategy, the in-pit stormwater conveyance infrastructure should drain 
all stormwater entering the pit to the Pit Sump which will progress with the mining activity. The runoff can then 
be managed though the proposed pit dewatering system. For the successful management of the in-pit 
stormwater, the required stormwater infrastructure component must form part of the mine plan, the mine 
progress and the backfill progress plot. 

From consultation with the mine management, it has been noted that the northern boundary of the pit 
experiences high peak flows during large storm events. The existing stormwater infrastructure capacity is 
exceeded during these events and the resulting peak flowrates jeopardise the existing infrastructure 
components in this area (conveyor, crusher, and associated infrastructure). 

If the suggested interventions proposed in the Stormwater Management Report (503771-1500-REP-CC-0003) 
are implemented.  The peak flowrates entering the pit on the northern boundary will be reduced significantly 
and there will be a reduction in the volume of water entering the pit through surface runoff. Although these 
interventions will reduce the peak runoff flowrates into the pit, the in pit infrastructure and bulk materials 
handing (BMH) planning, mine progress and backfill progress designs should take cognisance of the existing 
and proposed stormwater system. The in-pit stormwater infrastructure should be included in the greater mine 
planning project so these components are designed in conjunction with one another and where due 
consideration can be given to the stormwater design component. 

3.5 Pit dewatering system 
This section covers the proposed pit dewatering strategy to implemented at the Grootegeluk Coal Mine. A wide 
range of options were considered with regards to optimizing the pit dewatering system. This included the option 
to utilize existing infrastructure as well as the installation of new infrastructure. The main aim of the pit 
dewatering system is to ensure that the Pit Sump water levels are kept at manageable levels to ensure minimal 
to zero impacts with regards to mining production. 

The WSBM modelled numerous scenarios to try and address this problem statement. The four shortlisted 
options chosen were those that best addressed the allocated benchmarks. These benchmarks included: 

◼ Minimum number of days of storage 

◼ Controlled concentrations 

◼ Pit Sump exceedance 

◼ Spilled to the environment 
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◼ Annual raw water demand 

The pit dewatering strategy is based on the WSBM results of the four shortlisted options chosen at the end of 
the Options Identification Phase. The main contributing factors to the pit dewatering strategy is to have a buffer 
dam on surface for water storage and to prioritise pit dewatering. With the options in place water will no longer 
pump directly to the Plants, but will be redirected to discharge into the Olifantskop Dam / new Buffer Dam. 
Depending on the size of the Mine Water Treatment Plant (WTP) implemented, either the entire Plant demand 
from the Buffer Dam will be treated at the Mine WTP and then transferred to the GG1, GG2 and GG7/8 
recovered water dams or a portion of the demand will be treated and then transferred from a common Holding 
Tank, which will be topped up directly form the Buffer Dam. The design philosophy behind this system is to 
ensure that the available buffer capacity always maintains an 18-day emergency storage supply of process 
water for instances when the MCWAP supply is offline for repairs and or maintenance work. 

The average annual daily demand (AADD) pit dewatering rates for all four options were analysed, and it was 
found that all four the scenarios follow the same trends with regards to the required dewatering rates. 

 
Figure 21: The required AADD pit dewatering rates 

It is apparent from Figure 21 that the pit dewatering requirement follows the same trend with all four of the 
different options and correlates with the Pit Sump volume trend. 

To be able to sufficiently manage the water levels inside the pit and also ensure that the excess water in the 
pit is adequately utilised in the GGC beneficiation plants (the Plant) and for dust suppression purposes, the 
following pit dewatering system capacities would need to be implemented during the course of the LOM: 

◼ 2024 up to 2026 – Pit dewatered at a rate of 186 ℓ/s (Pumping peak value = 1.1) 

◼ 2026 up to 2036 – Pit dewatered at a rate of 182 ℓ/s (Pumping peak value = 2.7) 

◼ 2037 up to 2039 – Pit dewatered at a rate of 177 ℓ/s (Pumping peak value = 1.9) 

◼ 2040 up to 2044 – Pit dewatered at a rate of 166 ℓ/s (Pumping peak value = 1.4) 

◼ 2045 and onwards – Pit dewatered at a rate of 258 ℓ/s (Pumping peak value = 2.0) 
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These pit dewatering rates are achieved by using sections of existing infrastructure (pumps and pipelines) 
combined with new infrastructure (pumps and pipelines) up to 2044. From 2044 onwards new pumps would 
need to be installed but existing sections of pipelines could be used in combination with new pipelines. 

For more information and detail with regards to the methodology and design calculations the Pit Dewatering 
Strategy (503771-0000-REP-JJ-0009) can be consulted. 

3.6 Pit water quality management 
The pit dewatering system will pump water from Bench 13 Pit Sump to the Olifantskop Dam and the return 
water system will pump water from the new Buffer Dam to either the beneficiation plant or the Mine Water 
Treatment Plant (WTP).  

Table 3 below summarises the mean values of different water quality scenarios of the Bench 13 Pit Sump 
water. The first scenario is where in-pit lime treatment is applied on a continuous basis; the second scenario 
is a combination of in-pit lime treatment and no in-pit treatment; the third scenario is where no in-pit treatment 
occurs; and the final scenario is the predicted future scenario where the N1 channel does not discharge to the 
pit and the pit volume decreases, thereby concentrating the dissolved species. 

Table 3: Bench 13 Pit Sump water quality scenarios 

Pit Sump Bench 
13 

With in-pit liming 
(current - N1 
channel 
discharges to pit) 

Mixed results 
including liming 
and no liming 
(current - N1 
channel 
discharging to pit) 

No in-pit liming 
(current - N1 
channel 
discharges to pit) 

Predicted Water 
Quality (future - 
no N1 discharges 
to pit) 

TDS 2904.29 3463.71 3694.06 7716.57 

Ca 447.66 524.69 556.41 506.25 

Mg 236.42 290.12 312.24 917.00 

Na 52.81 65.47 70.69 61.50 

K 20.53 22.77 23.70 24.72 

Alkalinity 61.54 22.65 6.64 0.00 

Cl 49.72 58.94 62.74 1.02 

SO4 2056.71 2476.79 2649.76 5843.50 

F 0.81 0.88 0.91 0.01 

NO3 & NO2 1.89 1.39 1.19 0.15 

NH3 3.80 5.27 5.88 0.20 

PO4 0.01 0.02 0.03 0.07 

Fe 0.00 1.26 1.78 67.30 

Al 0.01 7.77 10.96 220.25 

Mn 7.52 14.65 17.59 74.60 

pH (calculated, 
assuming DIC = 
25 mg/L as C) 

6.44 5.72 5.13 4.50 

 
The capacity of the Mine WTP was estimated to control the salt concentrations in the water circuit while 
allowing draw down of the pit water volume to a manageable level and to reduce the annual raw water demand. 
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The current lime dosing treatment in the Bench 13 Pit Sump was included in the IWSB model and is the water 
quality data used to represent the pit water, while the Bosbok Dam water quality was used to represent the 
coal wash plants’ discharge quality. Each water quality set was concentrated by a factor of 1.5, and the 

concentrated water quality of the different sources was used to simulate high-lime neutralisation and to 
determine the resulting stoichiometric equilibrium neutralisation treated water quality. The simulated 
neutralisation treatment results for Bosbok Dam and Bench 13 Pit Sump were then averaged. This allowed 
the estimation of the capacity required for the neutralisation treatment step. 

Desalination was considered to remove monovalent ions and to reduce calcium and sulphate, since the 
neutralisation treatment step does not adequately remove these. The desalination treatment step was then 
sized to control the salt balance and to reduce gypsum scaling formation. 

It is important to note that, with the switch from the MCWAP1 water source to the MCWAP2 source, the overall 
TDS is expected to increase by 18% and the in the long term the TDS is expected to stabilise at around 4000 
mg/ℓ. This assumes that the in-pit treatment remains. If in-pit treatment were to be ceased, the overall pH and 
salt load in the system will likely not be controlled. 
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4 Conclusions and recommendations 

4.1 Conclusions 
This Report quantifies the various water inflows and present possible solutions with regards to managing the 
risk accompanying these inflows. 

From the baseline simulations run using the WSBM, the status quo without utilising the pit water management 
interventions will result in excessive water within the Northern Pit which would jeopardise production and and 
ultimately ceasing all production activities at GGC prematurely . The largest contributors to the high sump 
volumes have been identified as: 

◼ The surface water inflows via the N1 channel; 

◼ The lack of excess water storage capacity on surface: and, 

◼ The pillar elevations between the Middle and Northern Pit (mine simulations indicate that this will only 
delay the decanting of water by approximately 2 years and assumes that the pillar is impervious). 

The pit water management strategy has been detailed in the preceding chapters of this Report details the 
inflows and outflows within the pit and the management thereof. The implementation of the proposed 
mitigations interventions will address the challenges related to this baseline simulations. These interventions 
include: 

◼ Reinstating/upgrading surface water storage infrastructure; 

◼ Management of ‘clean’ and ‘dirty’ catchments contributing to the pit; and 

◼ Pit dewatering infrastructure.  The proposed pit dewatering systems were sized and designed by using a 
preliminary LOM plan and Pit Sump strategy. The pit dewatering system is not a once off solution and will 
have to be implanted as the LOM progresses. 

 

4.2 Recommendations  
The following recommendations are applicable to this Report: 

◼ This overall pit water management approach must be revisited by updating and rerunning in the WSBM 
prior to the commencement of the BFS; 

◼ The Pit Sump strategy should be continuously revised as the pit progression and backfill design is 
updated; 

◼ Of the stormwater interventions detailed in the Stormwater Management Report (503771-1500-REP-CC-
0003), it is recommended that the interventions limiting the stormwater runoff into the pit through the 
adjacent catchments (Areas 1,2,3,4 and 5) are implemented at a minimum. These high impact 
interventions form ±19% of the total proposed stormwater infrastructure components cost and reduce the 
peak stormwater runoff inflows into the pit dramatically; and 

◼ The in-pit stormwater management were not considered as part of his Project, but this should form part of 
the mine planning and be considered in the backfill strategy. 
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LIST OF ABBREVIATIONS AND TERMS 
AQMPs Air quality management plans 
AQMS Air quality management system 
CH4 Methane 
CO Carbon monoxide 
CO2 Carbon dioxide 
°C Degree centigrade 
DJF December, January, February 
DME Department of Minerals and Energy 
E East 
EIA Environmental impact assessment 
ENE East-north-east 
EMP Environmental management plan 
EMPR’s Environmental management programme reports 
ESE East-south-east 
GAA Golder Associates Africa (Pty) Ltd 
GHG Green house gasses 
GIIP Good international industrial practice 
H2S Hydrogen sulphide 
JJA June, July, August 
MAM March, April, May 
mg/m2/day Milligrams per meter squared per day 
µg Microgram 
m Meter 
µg/m2 
mg 

Micrograms per square meter 
Milligrams 

m/s Meters per second 
N North 
NE North-east 
NNE North-north-east 
NW North-west 
NNW North-north-west 
NO Nitrogen oxide  
NO2 Nitrogen dioxide 
N2O Nitrous oxide 
NOx Nitrogen oxides   
O3 Ozone 
PAH Polycyclic Aromatic Hydrocarbon 
PM10 Particulate matter with an aerodynamic diameter of less than 10 μm 
PM2.5 Particulate matter with an aerodynamic diameter of less than 2.5 μm 
SAWS South African Weather Service  
S South 
SE South-east 
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SON September, October, November 
SO2  Sulphur dioxide 
SSE South-south-east 
SW South-west 
SSW South-south-west 
VOC Volatile organic compound 
W West 
WHO World health organisation 
WNW West-north-west 
WSW West-south-west 
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1.0 SCOPE OF WORK 
The following was undertaken as part of the specialist air quality input to the EMP and consolidation 
amendment process: 

¡ Literature review process including: 

§ Develop a request for the supply of information from Exxaro relating to the mining operations, air 
quality issues and AQ monitoring efforts; 

§ Conduct a review the supplied documentation; 

§ Review the IFC guidelines and performance standards relating to air quality management issues 
and monitoring requirements; and 

§ Do a comparison of the monitoring undertaken versus the IFC requirements. 

¡ Report compilation including: 

§ A baseline assessment of the climate and regional air quality;  

§ Following the literature review, GAA will provide air quality monitoring recommendations for 
integration into the EMP, to enhance the EMP to IFC standards;  

§ GAA will update the current existing monitoring plan such that it meets IFC standards. This would 
include: 

− Reviewing the location of monitoring stations and sensitive receptors and assess the adequacy 
of the monitoring efforts based on GAA’s professional opinion. (Note: In order to qualify the 
adequacy, with a high degree of confidence, full dispersion modeling is required. This is 
excluded from the project and not deemed necessary at this point in time); 

− Review the type of monitoring equipment to ensure it is capable to monitoring parameters at 
concentrations required to demonstrate compliance with IFC guidelines; 

− Reviewing frequency and timing of monitoring (i.e. hourly averages vs. monthly etc. and number 
of stations); and 

− Make recommendations on how to upgrade the system. 

The following deliverables are provided: 

¡ A tabulated list of recommendations for the integration into the EMP; and  

¡ An updated monitoring plan document.  

2.0 LITERATURE REVIEW PROCESS  
As part of the assessment process, the following documentation was reviewed: 

¡ Air quality assessment for Grootegeluk Mine Cyclic Ponds Environmental Authorisation Project, Report 
no. 10613294-11138-2, February 2012, Golder Associates Africa (Pty) Ltd; 

¡ Grootegeluk Steenkoolmyn Omgewingsbestuurplan, Yskor Beperk, 1992; 

¡ Grootegeluk Mine EMPR, 2004, Khumba Coal (Pty) Ltd; 

¡ Environmental Legal Compliance Audit for Exxaro: Grootegeluk (“Grootegeluk”) during the period 24 to 
26 August 2010, The Environmental Law Consultancy cc; 
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¡ EMPR Performance Review for the Grootegeluk Coal Mine as well as the Medupi Expansion Project, 
2010, Ferret; 

¡ Environmental Management Plan: The construction and operation of a Sintel Char Plant within the 
boundaries of Grootegeluk Coal Mine, March 2006, Lephalale Clean Stream Environmental Services; 

¡ Environmental impact assessment/emp Amendment for the New Laboratory and the Relocation of the 
Explosives magazine at Exxaro Grootegeluk Coal Mine, near Lephalale, Limpopo province, 2010; 

¡ Matimba Brownfields Expansion Project: Amendment to the Grootegeluk Coal Mine Environmental 
Management Programme (EMPR), 2006, Synergistics Environmental Services (Pty) Ltd; 

¡ Authorisation for the construction of a mini fuel depot on the ISCOR Grootegeluk coal mine (Total RoD), 
Northern Province Department of Agriculture, Land & Environment, 1998; 

¡ Environmental impact assessment/EMP Amendment for the proposed wastewater treatment works at 
Exxaro Grootegeluk Coal Mine, near Lephalale, Limpopo province - Final Scoping report, 2009; 

¡ Environmental Impact Assessment/ Environmental Management Programme Amendment Process 
Environmental Impact Assessment and Environmental Management Programme for Coal Silo, Coal 
Conveyor and Associated Infrastructure between Grootegeluk Coal Mine and Medupi Power Station, 
Limpopo Province, 2010,Savannah Environmental (Pty) Ltd; 

¡ Kumba Resources Environmental Air Quality Assessment presentation for the Grootegeluk Coal Mine, 
assessed by ANMAR Environmental Group, September/October 2003; 

¡ Exxaro air quality management presentation August 2012; 

¡ Exxaro raw monitoring data spread sheets for dust fallout and trace gas pollutants, October 2012;  

¡ Emissions Monitoring Repoprt for Exxaro Char Plant Survey One 27-29 June 2012, Gondwana 
Environmental Solutions (Pty) Ltd., August 2012; 

¡ Environmental Air Quality Assessment at Grootegeluk Coal Mine - Ellisras. Ref: 
6001074584/22.11.2002, ANMAR Environmental Group, February 2004; 

¡ Performance standard 1: Assessment and Management of Environmental and Social Risks and Impact, 
International Finance Corporation (IFC), 2012; 

¡ Performance Standard 3: Resource Efficiency and Pollution Prevention, International Finance 
Corporation (IFC), 2012; 

¡ General EHS Guidelines : Environmental - Air emission and ambient air quality, International Finance 
Corporation (IFC), 2007; 

¡ Environmental, Health and Safety Guidelines: Coal Processing; International Finance Corporation 
(IFC), 2007; 

¡ Environmental, Health and Safety Guidelines: Mining, International Finance Corporation (IFC), 2007; 

¡ Environmental, Health and Safety Guidelines: Large Volume Inorganic Compounds Manufacturing and 
Coal Tar Distillation, International Finance Corporation (IFC), 2007; 

¡ Equator Principles, June 2006; and 

¡ Draft air quality monitoring report for the Grootegeluk Mine, EXXARO, January 2011. 
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3.0 KEY COMPONENTS MAKING UP THE MINE 
It is understood that the key components for the mining operations include the following (Figure 1):  

¡ Open pit – need expansion for life of mine, new in pit crushers; 

¡ Pit service station; 

¡ Locomotive service station; 

¡ Transformers; 

¡ Scrap yard;  

¡ Slimes dams – 4 dams, Slimes dam 3 being recovered; 

¡ Discard dumps – 6 overburden dumps and the tyre dump; 

¡ Plant area - includes product stockpiles (which moved from original position but lined etc), coal washing 
facilities; 

¡ New plant G7 and G8 – GG6 upgrade, DMS plant; 

¡ Veld stockpiles; 

¡ Various coal product stockpiles; 

¡ Roads (Paved and unpaved); 

¡ Lineas infrastructure including: Pipelines; Railway lines; Power lines; Conveyor lines and Roads (paved 
and unpaved); 

¡ Oxidation ponds; 

¡ New sewerage plant; 

¡ Workshops; 

¡ Sasol plant; 

¡ Total plant and fuel storage; 

¡ Explosives store; 

¡ Office buildings – including sewage or all sewage to central point; 

¡ Warehouse; 

¡ Gates, guard houses and car parks; 

¡ Storm water ponds; 

¡ Raw water ponds;  

¡ Char plant;  

¡ Laboratory; 

¡ Waste storage site – design phase, not permitted yet; and 
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¡ Medupi expansion infrastructure. 

The assessment has been conducted considering the infrastructure listed above. 



 
AQ EMP INPUT 

 

October 2012 
Report No. 10613055-11590-3 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Layout of the Grootegeluk mine  
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4.0 BASELINE AIR QUALITY ASSESSMENT 
Note: The Grootegeluk mine and Char plant operations are located in the recently declared Waterberg- 
Bojanala Priority Area. The declaration of this area as a priority area, will have an impact on the current and 
future air quality management practices undertaken by EXXARO at these operations. 

4.1 Regional climate 
The Grootegeluk mining operations are situated in the Waterberg region of South Africa which falls within in 
the subtropical high-pressure belt. The mean circulation of the atmosphere over the subcontinent is 
anticyclonic throughout the year (except for near the surface) (Preston-Whyte and Tyson, 1997). The 
synoptic patterns affecting the typical weather experienced at the mine owe their origins to the subtropical, 
tropical and temperate features of the general atmospheric circulation over Southern Africa.  

The subtropical control is brought via the semi-permanent presence of the South Indian Anticyclone  
(HP cell), Continental High (HP cell) and the South Atlantic Anticyclone (LP cell) in the high pressure belt 
located approximately 30°S of the equator (Preston-Whyte and Tyson, 1997). The tropical controls are 
brought via tropical easterly flows (LP cells) (from the equator to the southern mid-latitudes) and the 
occurrence of the easterly wave and lows (Preston-Whyte and Tyson, 1997). The temperature control is 
brought about by perturbations in the westerly wave, leading the development of westerly waves and lows 
(LP cells) (i.e. cold front from the polar region, moving into the mid-latitudes) (Preston-Whyte and Tyson, 
1997).  

Seasonal variations in the positioning and intensity of the HP cells determine the extent to which the westerly 
waves and lows impact the atmosphere over the region. In winter, the high pressure belt intensifies and 
moves northward while the westerly waves in the form of a succession of cyclones or ridging anticyclones 
moves eastwards around the South African coast or across the country. The positioning and intensity of 
these systems are thus able to significantly impact the region. In summer, the anticyclonic HP belt weakens 
and shifts southwards and the influence of the westerly wave and lows weakens.  

Anticyclones (HP cells) are associated with convergence in the upper levels of the troposphere, strong 
subsidence throughout the troposphere, and divergence in near the surface of the earth. Air parcel 
subsidence, inversions, fine conditions and little to no rainfall occur as a result of such airflow circulation 
patterns (i.e. relatively stable atmospheric conditions). These conditions are not favourable for air pollutant 
dispersion, especially in regards to those emissions emitted close to the ground.  

Westerly waves and lows (LP cells) are characterised by surface convergence and upper-level divergence 
that produce sustained uplift, cloud formation and the potential for precipitation. Cold fronts, which are 
associated with the westerly waves, occur predominantly during winter. The passage of a cold front is 
characterised by pronounced variations in wind direction and speed, temperature, humidity, pressure and 
distinctive cloud bands (i.e. unstable atmospheric conditions). These unstable atmospheric conditions bring 
about atmospheric turbulence which creates favourable conditions for air pollutant dispersion.  

The tropical easterlies and the occurrence of easterly waves and lows affect Southern Africa mainly during 
the summer months. These systems are largely responsible for the summer rainfall pattern and the north 
easterly wind component that occurs over the region (Schulze, 1986; Preston-Whyte and Tyson, 1988). 

In summary, the convective activity associated with the easterly and westerly waves disturbs and hinders the 
persistent inversion which sits over Southern Africa. This allows for the upward movement of air pollutants 
through the atmosphere leading to improved dispersion and dilution of accumulated atmospheric pollution. 

4.2 Precipitation 
Precipitation reduces erosion potential by increasing the moisture content of erodible materials. This 
represents an effective mechanism in redusing the generation of particulate atmospheric pollutants and is 
therefore considered during air pollution studies. Precipitation also facilitates the removal of pollutants 
(partiuculates and trace gasses) in the atmosphere through wet deposition and wet depletion. 
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The Grootegeluk Mine is located in the summer rainfall region of South Africa and thus receives most of its 
rainfall during this period however inter-annual rainfall variability is clearly shown in the rainfall data from this 
region (Limpopo SOE, 2004). The 35-year record of total annual rainfall exhibits an erratic pattern of wet and 
dry years. The mean annual rainfall for the town of Lephalale (located approximately 18 kilometres to the 
east of the mine) is 393 mm per annum for the period 1995 to 2005 (Limpopo SOE, 2004).  

Lowest rainfall levels are typically experienced in the month of June and the highest during January. Rainfall 
is typically experience in the form of short duration intense convection thunderstorms. Droughts are endemic 
to the more semi-arid and arid regions while occasional flooding may occur during the summer months from 
convectional thunderstorms and tropical disturbances (Limpopo SOE, 2004).  

Another rainfall station located close to the mine also displays similar rainfall trends over a monitoring period 
of 1988 to 2011. The mean annual rainfall over the monitoring period was 446 mm per annum, with the 
highest rainfall experienced in the month of December. 

4.3 Temperature 
Air temperature is important, both for determining the effect of plume buoyancy (the larger the temperature 
difference between the plume and the ambient air, the higher the plume is able to rise), and determining the 
development of the mixing and inversion layers. 

The highest temperatures are typically experienced during the summer months of December, January, 
February and the lowest during the winter months of June, July and August. The mean annual temperature 
for the town of Lephalale (located approximately 18 kilometres to the east of the mine) is 22 °C per annum 
for the period 1995 to 2005 (Limpopo SOE, 2004). Frost is experienced very seldom in this region. 

4.4 Meteorological, Air Quality and Emissions Monitoring 
The Grootegeluk Mine undertakes ambient air quality, meteorological monitoring and emissions monitoring; 
however the current status could not be verified from the available documentation. The assessment of the 
ambient air quality is thus based on available ambient air quality information identified in the literature review 
and interpretation using MM5 modelled meteorological data.  

The ambient air quality monitoring network consists of two PM10 E-samplers with wind speed and direction 
sensors, a network of passive diffusive samplers monitoring for monitoring of H2S, NO2, SO2, Benzene and 
Toluene, and a dust fallout monitoring network consisting of 16 single (Stof 1-10, PE1, PE2, GMC1, GMC2, 
NGG and DPN) directional dust fallout samplers and 8 directional dust fallout samplers (Stof A-H) (Figure 2 
and Figure 3).  

Emissions monitoring was conducted at the Char Plant on Boiler Stacks 1 and 2 and the Destructor Stack 2. 
Boiler Stack One was monitored from 27 to 29 June 2012, involving four gaseous measurements for NOX 
and SO2 and two measurements for particulate matter, volitile organic compounds (VOC’s) and polycyclic 
aromatic hydrocarbons (PAH’s). Boiler Stack Two was monitored from 28 to 29 June 2012, involving three 
gaseous measurements for NOX and SO2, and one measurement each for particulate matter, PAH’s and 
VOC’s. Destructor Stack One was monitored on 29 June 2012, involving three gaseous measurements for 
NOX and SO2, and one measurement each for particulate matter and PAH’s. 

 

 



 
AQ EMP INPUT 

 

October 2012 
Report No. 10613055-11590-3 8 

 

 
Figure 2: Passive badge sampling monitoring points for 2012 to 2015 according to the Exxaro BPI (Adapted: Exxaro: 
Operating Practice Instruction (bpi) for 2012-2015; Adapted: Exxaro: GHG Graphsper Site 2010-2012 excel file; Base 
image source: Google Earth 
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Figure 3: Particulate monitoring points (Dust fallout & PM10) (Adapted: Exxaro: Operating Practice Instruction (bpi) for 
2012-2015; Base image source: Google Earth). 

4.4.1 Meteorological overview  
Wind roses summarize the occurrence of winds at a specified location by representing their strength, 
direction and frequency. Calm conditions are defined as wind speeds of less than 1 m/s which are 
represented as a percentage of the total winds in the centre circle. Each directional branch on a wind rose 
represents wind originating from that specific cardinal direction (16 cardinal directions). Each cardinal branch 
is divided into segments of different colours which represent different wind speed classes. For the current 
wind roses, wind speed is represented in classes, 1 to 2 m/s in blue, 2 to 4 m/s in green, 4 to 6 m/s in yellow 
and > 6 m/s in red. Each dotted circle represents a percentage frequency of occurrence. 

4.4.1.1 E-Sampler meteorological data 
For the monitoring period 01 June 2009 to 31 May 2010, winds at the Grootegeluk Mine AC E-Sampler are 
predominantly from the east-south-east (14.5% of the time) and east (14% of the time) (Figure 4). Winds are 
slow, with the majority of winds between 1 – 2 m/s. Calm conditions were recorded 35% of the time.  
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Figure 4: Annual surface wind rose obtained from the Grootegeluk E-Sampler for the period 01 June 2009 – 31 May 
2010 (Source: Exxaro Baseline assessment: Fugitive dust emissions at the Char plant, Grootegeluk mine, October 
2010). 

A minor diurnal variation in the wind is observed during the monitoring period (Figure 5). Between 00:00 – 
06:00, winds are predominantly from the east-south-east (15% of the time) and east (8.5% of the time). 
Winds are slow, with the majority of winds between 1 – 2 m/s. Calm conditions were recorded 53% of the 
time. Between 06:00 – 12:00, winds are predominantly from the east (21% of the time) and east-south-east 
(19% of the time). Winds are slow, with calm conditions being recorded 24% of the time. Between 12:00 – 
18:00, winds are predominantly from the east (16% of the time) and east-north-east (15.5% of the time). 
Winds are slow to moderate; with a slight increase in winds between 2 – 4m/s. Calm conditions were 
recorded 16% of the time. Between 18:00 – 24:00, winds are predominantly from the east-south-east (13% 
of the time) and east (9% of the time). Calm conditions were recorded 49% of the time.  
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00:00 – 06:00 

 
06:00 – 12:00 

 
12:00 – 18:00 

 
18:00 – 24:00 

 
Figure 5: Diurnal wind roses obtained from the Grootegeluk E-Sampler for the period 01 June 2009 – 31 May 2010. 
(Source: Exxaro Baseline assessment: Fugitive dust emissions at the Char plant, Grootegeluk Mine, October 2010). 

No significant seasonal variation in the wind is observed during the monitoring period (Figure 6). During 
spring (September to November), winds are predominantly from the east-south-east (18% of the time) and 
east (17.5% of the time). Winds are slow to moderate, with calm conditions being recorded 23% of the time. 
During summer (December to February), winds are predominantly from the east-south-east (19.5% of the 
time) and east (17% of the time). Winds are slow, with the majority of winds between 1 – 2 m/s. Calm 
conditions were recorded 23% of the time. During autumn (March to May), winds are predominantly from the 
east-south-east (12% of the time) and east (11% of the time). Winds are slow, with very few winds exceeding 
2 m/s. Calm conditions were recorded 52% of the time. During winter (June to August), winds are 
predominantly from the east (9.5% of the time) and east-south-east (9% of the time). Calm conditions were 
recorded 39% of the time.  

 
Spring (SON) 

 
SUMMER (DJF) 

 
Autumn (MAM) 

 
Winter (JJA) 

 
Figure 6: Seasonal wind roses obtained from the Grootegeluk E-Sampler for the period 01 June 2009 – 31 May 2010. 
(Source: Exxaro Baseline assessment: Fugitive dust emissions at the Char plant, Grootegeluk mine, October 2010). 

4.4.1.1.1 E-Sampler meteorological data limitations 
For actual site specific monitoring data a minimum of 80 % data capture is required to achieve minimum data 
quality assurance for data manipulation and summary (SANAS R07-01). The Exxaro baseline fugitive dust 
emissions report did not stipulate the data recovery level and thus the data interpretations in Section 4.4.1.1 
above must be viewed with caution.  

Additional to this, the E-sampler wind speed and direction sensor was installed at an approximate height of 2 
meters above the ground which is not in alignment with the required 10 m as per good practice for 
meteorological monitoring of wind speed and direction. In order to cross verify the field data, MM5 modelled 
data is presented below. 
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4.4.1.2 Monitoring data cross and confidence check against MM5 modelled 
meteorological data 

The analysis of the MM5 modelled meteorological data is assumed and expected to be representative of the 
actual experienced meteorological conditions on site. The MM5 data modelling process achieved 100% data 
recovery, thus minimum data quality assurance for data manipulation and summary (SANAS R07-01) is met. 
Each cardinal branch is divided into segments of different colours which represent different wind speed 
classes. For the current wind roses, wind speed is represented in classes, 1 to 2 m/s in blue, 2 to 4 m/s in 
green, 4 to 6 m/s in yellow and 6 to m/s in orange and >10 m/s in red. Each dotted circle represents a 
percentage frequency of occurrence. 

A cross check of the E-sampler monitoring data against MM5 modelled meteorological data was undertaken 
to test if the data has a high or low degree of confidence. Winds at the Grootegeluk Mine are expected to 
originate from the east-north-east (24 % of the time) and north-east (17.5 % of the time) (Figure 7). Wind 
speeds are low to moderate, with a low percentage (12.46%) of calm conditions (<1 m/s). 

 
Figure 7: Modelled Grootegeluk Mine wind rose for 2007 to 2009 
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4.4.1.2.1 Diurnal wind roses 
No significant diurnal variation in wind is observed during the monitoring period. Winds remain predominantly 
from the north-east and east-north-east sectors throughout the day (Figure 8).  

 

00:00 to 05:59 

ENE 32% of the time 

E 21.5% of the time 

 

06:00 to 11:59 

ENE 27% of the time 

NE 22% of the time 

 

12:00 to 17:59 

NE 25.5% of the time 

ENE 17% of the time 

 

18:00 to 23:59 

NE 21.5% of the time 

NE 15.5% of the time 

Figure 8: Modelled diurnal Grootegeluk Mine wind roses with predominant wind directions for 2007 to 2009 
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4.4.1.2.2 Seasonal wind roses 
A minor seasonal variation in wind is observed during the monitoring period at Grootegeluk mine (Figure 9).  

 

Summer (DJF) 

ENE 31% of the time 

NE 22% of the time 

 

Autumn (MAM) 

ENE 22% of the time 

E 16.5% of the time 

 

Winter (JJA) 

ENE 14% of the time 

E 11% of the time 

 

Spring (SON) 

ENE 31% of the time 

N 26.5% of the time 

Figure 9: Modelled seasonal Grootegeluk Mine wind roses with predominant wind directions for 2007 to 2009 

In comparing the wind roses (period, diurnal and seasonal) from the E-Sampler to those of the MM5 
modelled data, it is noted that the roses for the Esampler typically show prevailing dominance of wind 
direction from the easterly and east-south-easterly sectors whereas the MM5 modelled data wind roses 
typically show prevailing dominance of wind direction from the north-easterly and east-north-easterly sectors. 
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Based on the facts that: 

¡ No data recovery statistic for the E-Sampler is provided in the available monitoring report; 

¡ That the sensor is installed at a height of two meters above the ground which is not in alignment with 
the required 10 meters and thus could be recording erroneous data due to surface friction turbulent 
interference of both the wind speed and direction parameters; and 

¡ That there is no correlation between the E-Sampler data and the MM5 modelled data.  

The data confidence is thus given a low rating with the application of the precautionary principal. Additional 
investigations and or monitoring would be required at a height of 10 meters to verify and refine the data 
confidence level. 

4.4.2 Regional air quality overview 
Potential sources of air pollution within the area have been identified to include: 

¡ Agricultural activities; 

¡ Industrial activities (Power stations, sewerage works & Hanglip brickworks); 

¡ Current Grootegeluk mining activities and the Char plant;  

¡ Domestic fuel burning;  

¡ Biomass burning; 

¡ Vehicle emissions (tailpipe and entrained emissions); and 

¡ Unpaved roads and exposed areas. 

4.4.2.1 Agricultural activities 
Agricultural activities such as tilling, harvesting and biomass burning contribute to particulate concentrations.  
Biomass burning is an incomplete combustion process that produces PM10, CH4, CO and NO2. Emissions 
from agricultural activities are difficult to control due to the seasonality of emissions and the large surface 
area producing emissions (USEPA, 1995). Most of the agricultural activities around the mine appear to be of 
a subsistence farming nature as well and game farming. 

Agricultural emissions are not anticipated to significantly influence the air quality in the area, although 
particulate emissions may increase during the winter period. 

4.4.2.2 Industrial activities 
This region is characterised by various industrial activities including brickworks, coal fired power stations 
(Matimba and Medupi which is currently under construction), landfills and sewage works. These activities will 
contribute to the degradation of the ambient air quality. 

4.4.2.2.1 Brickworks 
A brickworks operates on the farm Hangklip and produces approximately 2 million bricks per month via their 
clamp kiln operations. The Grootgeluk Mine SO2 monitoring station is located approximately 500 m from the 
brickworks. 

Brick manufacture typically involves quarry operations, crushing, screening, blending of raw materials, and 
the forming of, cutting or shaping, drying or curing, and firing of the final product. Emissions from brick 
manufacturing facilities include particulate matter (dust fallout, PM10 and PM2.5), sulphur dioxide (SO2), 
sulphur trioxide (SO3), nitrogen oxides (NOx), carbon monoxide (CO), carbon dioxide (CO2), total organic 
compounds (including methane, ethane, volatile organic compounds (VOC) and some hazardous air 
pollutants (HAP), hydrochloric acid and fluoride compounds).  
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Particulate emissions are primarily produced via the material handling operations, fuel handling operations 
and as fugitive emissions from paved roads, unpaved roads stock and storage piles. During clamp kiln firing, 
combustion products such as SO2, NOx, CO, CO2 are emitted from the fuel combustion processes. Organic 
compounds are emitted from the firing and drying processes. Hydrogen fluoride (HF) is emitted as a result of 
the fluorine compounds contained in the raw materials (where applicable). 

This brickwork is anticipated to have a negative impact on the ambient air quality, as the emissions are 
fugitive and generally uncontrolled. The effect however is anticipated to be relatively localized around the 
brickworks. Quantification of the impact via the application of a dispersion model would provide a better 
understanding of the impact and an improved confidence in the impact assumption. 

4.4.2.2.2 Sewage plants 
Volatile organic compound emissions are associated with sewage and wastewater treatment works. 
Pollutants measured at local works have included: hydrogen sulphide, mercaptans, ammonia, formaldehyde, 
acetone, toluene, ethyl benzene, xylenes, tetrachloroethylene, butyric acid, propionic acid, valeric acid and 
acetic acid. The volumes of these emissions however are unlikely to have a significant effect on the regional 
air quality as these plants are typically small in size and thus typically have a localized impact. 

4.4.2.2.3 Power plants 
The Grootegeluk region has one active power plant and one power plant under construction (Matimba and 
Medupi respectively). Air pollutants released by coal-fired power stations primarily include particulates, 
sulphur dioxide (SO2), nitrogen oxides (NOx), nitric oxide (NO), nitrogen dioxide (NO2), carbon monoxide, 
carbon dioxide (CO2), nitrous oxide (N2O), and trace amounts of mercury. CO2 and N2O represent 
greenhouse gases and are therefore of concern despite not resulting in direct health effects. The emissions 
from the Matimba power plant and from the Medupi power plant (once commissioned) will undoubtedly have 
a negative impact on the regional ambient air quality. This impact however would have to be quantified by 
undertaking a cumulative air dispersion model for the region. 

4.4.2.3 Mining activities 
Dust emissions may be generated by wind erosion of open aggregate storage piles and exposed areas.  
Dust emissions occur when the threshold wind speed is exceeded (Cowherd et al., 1988). Factors which 
influence the rate of wind erosion include surface compaction, moisture content, vegetation, shape of 
storage pile, particle size distribution, wind speed and rain. Dust generated by these sources is termed 
‘fugitive dust’ as it is not emitted to the atmosphere in a confined flow stream (USEPA, 1995). These 
emissions are often difficult to quantify as they are very diffuse, variable and intermittent (Ministry of the 
Environment, 2001).  

Fugitive dusts generated from the mining operations are anticipated to be one of the dominant emissions 
during the operational phase of the facility. Special attention in regards to mitigation of these emissions will 
have to be undertaken to prevent the reduction of the ambient air quality around the facility. 

The Char Plant operations are anticipated to liberate fugitive particulate and trace gas emissions. In 
particular, the emissions anticipated include: particulates (TSP, PM10 and PM2.5), SO2, NOx, CO (carbon 
monoxide), CO2, polycyclic aromatic hydrocarbons, VOC’s, odours and other hazardous air pollutants. The 
Char Plant is noted as being a ket source of these emissions in the area. 

4.4.2.4 Domestic fuel burning  
Domestic fuel burning of coal emits a large amount of gaseous and particulate pollutants including sulphur 
dioxide, heavy metals, total and respirable particulates, inorganic ash, carbon monoxide, polycyclic aromatic 
hydrocarbons, and benzo(a)pyrene.  Pollutants arising due to the combustion of wood include respirable 
particulates, nitrogen dioxide, carbon monoxide, polycyclic aromatic hydrocarbons, particulate 
benzo(a)pyrene and formaldehyde. The main pollutants emitted from the combustion of paraffin are nitrogen 
dioxide, particulates, carbon monoxide and polycyclic aromatic hydrocarbons. Both formal and informal 
housing are noted throughout the region. It is thus highly likely that certain households within the 
communities are likely to use coal, wood and paraffin for space heating and/or cooking purposes. Emissions 
from these communities and therefore anticipated to impact the regional, especially during the winter period 
due to the increased demand for space heating.  
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4.4.2.5 Biomass burning 
Biomass burning may be described as the incomplete combustion process of natural plant matter with 
carbon monoxide, methane and nitrogen dioxide being emitted during the process. During the combustion 
process, approximately 40% of the nitrogen in biomass is emitted as nitrogen, 10% remains in the ashes and 
it is assumed that 20% of the nitrogen is emitted as higher molecular weight nitrogen compounds. In 
comparison to the nitrogen emissions, only small amount of sulphur dioxide and sulphate aerosols are 
emitted. With all biomass burning, visible smoke plumes are typically generated. These plumes are created 
by the aerosol content of the emissions and are often visible for many kilometres from the actual source of 
origin.  

The extent of emissions liberated from biomass burning are controlled by several factors, these include the 
following: 

¡ The type of biomass material; 

¡ The quantity of material available for combustion; 

¡ The quality of the material available for combustion; 

¡ The fire temperature; and 

¡ Rate of fire progression through the biomass body. 

Crop-residue burning and wild fires represent significant sources of combustion-related emissions 
associated with agricultural areas. Given that livestock agriculture prevails in the Grootegeluk area, it is 
anticipated that wild fires are likely to be more important than controlled burning related to agricultural 
activities. Fires are reported to occur relatively infrequently in the area, however typically the fire season 
corresponds with the winter period when the quantity and quality of the available combustible material is at 
its maximum. 

4.4.2.6 Vehicle emissions 
Air pollution generated from vehicle emissions may be grouped into primary and secondary pollutants. 
Primary pollutants are those emitted directly to the atmosphere as tail-pipe emissions whereas, secondary 
pollutants are formed in the atmosphere as a result of atmospheric chemical reactions, such as hydrolysis, 
oxidation, or photochemical reactions. The primary pollutants emitted typically include carbon dioxide (CO2), 
carbon monoxide (CO), hydrocarbons (including benzene, 1.2-butadiene, aldehydes and polycyclic aromatic 
hydrocarbons), sulphur dioxide (SO2), oxides of nitrogen (NOx) and particulates. Secondary pollutants 
formed in the atmosphere typically include nitrogen dioxide (NO2), photochemical oxidants such as ozone, 
hydrocarbons, sulphur acid, sulphates, nitric acid, sulphates, nitric acid and nitrate aerosols.  

The quantity of pollutants emitted by a vehicle depends on specific vehicle-related factors such as vehicle 
weight, speed and age; fuel-related factors such as fuel type (petroleum or diesel), fuel formulation (oxygen, 
sulphur, benzene and lead replacement agents); and environmental factors such as altitude, humidity and 
temperature (Samaras and Sorensen, 1999).  

Given the low population density living in the Grootegeluk region, it is anticipated that town and residential 
vehicle exhaust emissions will be relatively limited and their contribution to ambient air pollutant 
concentrations dispersed and relatively insignificant. In regards to the Grootegeluk Mine operations, it is 
identified as a key source for vehicle emissions due to the high prevalence of heavy vehicles and heavy 
machinery with combustion engines. Even though the mine is identified as a key source, it is Golder’s 
opinion that due to the relative low density of sensitive receptors and the fact that the vehicle emissions will 
be widely distributed, the impact is likely to be insignificant. 

4.4.2.7 Unpaved Roads and exposed areas 
Particulate emissions from paved roads occur when loose, spilt material on the road surface becomes 
suspended as vehicles travel across. At industrial and construction sites the surface loading is continually 
replenished by spillage of material from unpaved roads and vehicles. Various field studies have shown that 
even paved roadways can be major sources of atmospheric particulate matter (EPA, 1996). The force of the 
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wheels of vehicles travelling on unpaved roadways the road surface is exposed to strong air currents in 
turbulent shear with the surface. The turbulent wake behind the vehicle continues to act on the road surface 
after the vehicle has passed. The quantity of dust emissions from unpaved roads varies linearly with the 
volume of traffic.  

Vehicle entrainments of particulates from the Grootegeluk Mine unpaved haul roads are anticipated to be 
one of the dominant emissions of the mining operations.  

4.4.2.8 Particulate monitoring – PM10 
Baseline PM10 concentrations in this region appear to be relatively low, as depicted in the monitoring data 
from the two E-sampler monitoring stations for the monitoring period 01 January 2010 to 17 December 2010. 
At no time during the monitoring period was the 24 hour average standard of 120 µg/m3 exceeded on either 
of the E-Samplers (Figure 10). It is noted however that the data recovery of both units was well below the 
80% data recovery level.  

 
Figure 10: Daily Average PM10 concentrations for 2010 (Source: Exxaro: DRAFT Air Quality Monitoring Report For 
Grootegeluk Coal Mine Date: January 2011) 

4.4.2.9 Dust fallout monitoring 
The Exxaro: DRAFT Air Quality Monitoring Report for Grootegeluk Mine unfortunately does not provide a 
classification for the monitoring points as being either residential or industrial. In order to use the available 
baseline data at Golders disposal, Golder has thus undertaken a desktop classification of the monitoring 
points as presented in Table 1.  

The results displayed in Figure 11to Figure 16, clearly show that exceedances occur of both the residential 
and industrial guidelines at the various monitoring sites respectively. In considering the frequency and level 
of exceedances, Golder is of the opinion that the impacts of the Grootegeluk Mine current operations are 
within the range of what would normally be anticipated for such a coal mining environment. Furthermore, on 
average, the impacts are not significantly decreasing the ambient air quality, except for when exceedances 
occur, which is relatively infrequent. Additional support to this assessment is provided by the fact that the 
ambient dust fallout trends (per site) have typically shown a distinct decrease from 2007 to 2010. This 
downwards trend (an improvement) has possibly been caused by improvements in the air quality 
management at the mine and/or changes in the operations, which have resulted in lower levels of dust 
generation.  
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Table 1: Golders classification of the Grootegeluk dust fallout monitoring points 
Site Name 
Single 
directional 
samplers 

Industrial 
classification 

Residential 
classification 

Site Name 
Directional 
samplers 

Industrial 
classification 

Residential 
classification 

Stof 1  X Stof A X  
Stof 2 X  Stof B  X 
Stof 3 X  Stof C  X 
Stof 4 X  Stof D X  
Stof 5  X Stof E X  
Stof 6 X  Stof F X  
Stof 7  X Stof G X  
Stof 8  X Stof H X  
Stof 9 X     
Stof 10  X    
GMC 1 X     
GMC 2 X     
DPN X     
NGG X     
PE 1 X     
PE 2 X     
 

4.4.2.10 Trace gas monitoring 
4.4.2.10.1 Trace gas monitoring by the Grootegeluk mine 
Trace gas monitoring of Benzene, Toluene, NO2, SO2 and H2S was conducted throughout 2010 by the mine. 
The baseline data set available for analysis for this report was only available for the period 1 May 2010 to 30 
November 2010 (Figure 17 to Figure 30). Although the monitoring data presented is not spanning a full 12 
month period, comparison of the results against the annual average standards are made as a point of 
reference, however one must note that they are not strictly comparable. 

During the monitoring period, sites 3, 5, 6 and 7 reported exceedances above the annual average SO2 
standard of 50 µg/m3. These exceedances may be expected as the monitoring sites are located close to 
spontaneously combusting dumps and the Char Plant. Exceedances of the Benzene annual average 
standard of 10 µg/m3 were experiences at sites 2, 3, 5, 6 and 7. No exceedances of the NO2 annual average 
standard were encountered during the monitoring period. Currently there are no South African standard for 
H2S and Toluene and thus these pollutants have not been benchmarked against a standard. 

In considering the frequency and level of exceedances across the five monitored pollutants, Golder is of the 
opinion that the impact is within what would be anticipated for such a coal mining environment. In addition 
the ambient air quality is considered to be reasonable, but could potentially degenerate to an unacceptable 
level in regards to these pollutants, if the Grootegeluk Mine does not implement a good air quality 
management plan. 
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Figure 11: Dust fallout results for residential classified monitoring sites. Red line on 600 denotes Residential guidelines, 
Red line on 1200 denotes Industirial guideline (Source: Exxaro, 2012, Adapted). 

 

 

Note:  

¡ Sampling at Stof 1 was stopped in about October 2011 due to the new conveyor structure 
constructions. 
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Figure 12: Dust fallout results for residential classified monitoring sites. Red line on 600 denotes Residential guidelines, 
Red line on 1200 denotes Industirial guideline (Source: Exxaro, 2012, Adapted). 

 
Figure 13: Dust fallout results for industrial classified monitoring sites. Red line on 600 denotes Residential guidelines, 
Red line on 1200 denotes Industirial guideline (Source: Exxaro, 2012, Adapted).  
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Figure 14: Dust fallout results for industrial classified monitoring sites. Red line on 600 denotes Residential guidelines, 
Red line on 1200 denotes Industirial guideline (Source: Exxaro, 2012, Adapted). 
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Figure 15: Dust fallout results for industrial classified monitoring sites. Red line on 600 denotes Residential guidelines, 
Red line on 1200 denotes Industirial guideline (Source: Exxaro, 2012, Adapted). 

 

Notes:  

¡ Stof H was discontinued since Oct 2009 due to the loss of access; and 

¡ Will be reinstated during 2012 - Cyclic Pond Project – construction. 
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Figure 16: Dust fallout results for industrial classified monitoring sites. Red line on 600 denotes Residential guidelines, 
Red line on 1200 denotes Industirial guideline (Source: Exxaro, 2012, Adapted). 
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Figure 17: Monitored trace gas concentrations for Site 2 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 18: Monitored trace gas concentrations for Site 2 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 

Notes:  

¡ The data file provide by Exxaro was semi-verified. Based on the information provided, Golder verified the data by shifting each data point in the whole sample 
set by the lowest negative value to bring the negative data point to 0. 

¡ Additional passive badge data for 2012 was provided by Exxaro however as the data was in the form of raw laboratory analysis data and thus the information 
could not be included in this report as the sample coding versus actual site installation points and exposure periods are unknown. Monitoring trend for the 2012 
period are anticipated to be in the same order of magnitude as that shorn in the 2010-2011 monitoring period.       
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Figure 19: Monitored trace gas concentrations for Site 3 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 20: Monitored trace gas concentrations for Site 3 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 

 

   
Figure 21: Monitored trace gas concentrations for Site 4 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 22: Monitored trace gas concentrations for Site 4 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 23: Monitored trace gas concentrations for Site 5 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 24: Monitored trace gas concentrations for Site 5 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 

 

     
Figure 25: Monitored trace gas concentrations for Site 6 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 26: Monitored trace gas concentrations for Site 6 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 27: Monitored trace gas concentrations for Site 7 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 28: Monitored trace gas concentrations for Site 7 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 

 

   
Figure 29: Monitored trace gas concentrations for Site 8 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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Figure 30: Monitored trace gas concentrations for Site 8 for the period May 2010 to December 2011 (Source: Exxaro, 2012). 
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4.4.2.10.2 Trace gas monitoring for the Matimba Brownfields Project 
Trace gas monitoring was also undertaken as part of the Matimba Brownfields Expansion Project however 
most of the monitoring was undertaken as snapshot (short term) monitoring campaigns and prior to 2005. 
This historical pollutant data may therefore not be site representative of the present day ambient 
concentrations experienced at the Grootegeluk mine and was thus excluded from this assessment. Rather, 
more recent data was used for establishing the baseline ambient conditions of the trace gas pollutants.  

4.4.2.11 Char Plant emissions monitoring – Survey 1 
Emissions monitoring was conducted at the Char Plant on Boiler Stacks 1 and 2 and the Destructor Stack 2. 
Boiler Stack 1 was monitored from 27 to 29 June 2012, involving four gaseous measurements for NOX and 
SO2 and two measurements for particulate matter, volitile organic compounds (VOC’s) and polycyclic 
aromatic hydrocarbons (PAH’s). Boiler Stack 2 was monitored from 28 to 29 June 2012, involving three 
gaseous measurements for NOX and SO2, and one measurement each for particulate matter, PAH’s and 
VOC’s. Destructor Stack 1 was monitored on 29 June 2012, involving three gaseous measurements for NOX 
and SO2, and one measurement each for particulate matter and PAH’s. 

The main findings from this short duration survey indicated the following: 

¡ NOX emissions from Boiler Stack 1 (diesel fuelled) and Destructor Stack 1 (235.08 and 71.47 mg/m3, 
respectively) were well below the APPA limit of 700 mg/Nm3 throughout the test periods; 

¡ NOX concentrations from Boiler Stack 2 (recycled gas fuelled) were significantly higher than the APPA 
limit (2459.70 mg/m3);  

¡ SO2 concentrations from Boiler Stack 1 were significantly lower than the APPA limits (75.92 mg/m3); 

¡  SO2 concentrations from Boiler Stack 2 and Destructor Stack 1 were higher than the APPA limits 
higher than the limit, with Boiler Stack 2 concentrations being significantly higher (2256.34 mg/m3) and 
Destructor Stack 1 concentrations marginally higher (582.22 mg/m3); and  

¡ All particulate matter, PAH and VOC concentrations for all three stacks monitored were significantly 
lower than the APPA limits.  

5.0 REVIEW FINDINGS 
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Table 2 details the Grootegeluk mines compliance with regards to the air quality requirements contained in: 

¡ The IFC guidelines (2007); 

¡ The IFC performance standards (2012); 

¡ The Equator Principles (June 2006);  

¡ South African National Environmental Management Act: Air Quality Act, Act 39 of 2004; and  

¡ Aspects of international recognised best practices in regards to air quality management. 
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Table 2: Air quality compliance issues 

Standards/ 
Guidelines of 
relevance 

Requirements 

Compliance 

Comments 
In  Neutral Non  N/A 

Performance 
standard 1: 
Assessment 
and 
Management 
of 
Environmental 
and Social 
Risks and 
Impact 

Must have an overarching 
environmental policy which guides 
sound environmental performance 
and the protection of the air 
quality 

X 
   

Part of the Integrated 
SHEC Management 
System 

For a project, the AQ impacts 
must be considered. 
Consideration must be given to 
the extent, duration and severity 
of the impact ( I.e. The impact 
must be quantified and via a 
recognized method such as 
dispersion modelling)   

X 
    

For a project, the entire project life 
cycle must be considered design, 
construction, commissioning, 
operation, decommissioning, 
closure or, where applicable, 
post-closure 

X 
   

Various assessments cover 
this issue independently. 
Decommissioning is 
excluded in some cases as 
this issue is dealt with 
independently 

The impacts assessment must 
also include the consideration of 
the cumulative effect and the 
potential transboundary effects of 
air pollution 

X 
    

The impacts of green house gas 
(GHG) emissions must be 
considered and discussed during 
the impacts assessment 

  
X 

 

Although the Grootegeluk 
mine is not in the impact 
assessment phase, the 
impact of GHG emissions 
must be considered for the 
operations. The 
Grootegeluk mine should 
thus develop a GHG 
emissions inventory and 
undertake a GHG 
assessment for the 
operations. 

The projects vulnerability to 
climate change must be 
determined. Adaption 
opportunities must be identified 
and considered. For projects in 
the impact assessment phase 
these items need to be addressed 
upfront 

X 
   

An internal risk assessment 
regarding the impact of 
climate change and its 
possible impact on the 
mine was done during 
2010. 
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An AQMS must be maintained 
and must address the 
management of the air quality 
impacts during the entire project 
lifecycle (i.e. An AQMP is needed 
with the AQMS)  

X 
   

Currently the Grootegeluk 
mine does passive badge 
monitoring of NO2, SO2, 
H2S as well as VOC’s in 
specific sampling areas. On 
face value this monitoring 
appears to cover the site 
well however a network 
audit is required to confirm 
definitively  
The CHAR Plant also 
undertaken quarterly 
reporting (Compiled by 
Gondwana Environmental 
Solutions Pty Ltd. which are 
provided to LEDET as part 
of their APPA licence.  
On face value the current 
AQMS appears to cover all 
areas of the operation. 
Clarity on whether the 
network covers each 
infrastructural unit 
sufficiently needs to be 
determined via a network 
audit. 

The AQMP must describe AQ 
impact mitigation measures and 
performance standards  

X 
  

A detailed AQMP was not 
available for the entire 
operational site. Individual 
mitigation measures are 
presented for some 
operational areas. Air 
Quality is managed 
according to the company 
internal standard (BPI doc).   

The client must establish, 
maintain, an organizational 
structure that defines roles, 
responsibilities, and authority to 
implement and maintain the 
AQMS's & AQMP's 

X 
   

Grootegeluk mine and 
CHAR plant are accredited 
under ISO14001, OSHAS 
18001 and ISO 9001, as 
part of the standard roles 
and responsibilities are 
identified not only for Air 
quality management but for 
the Integrated Management 
System which addresses all 
Environmental, Safety and 
Quality 

An AQ resister should be kept to 
collate grievances, complaints, 
queries etc. 

X 
   

Complaints are managed 
via the PIVOT Incident 
Management System, it 
addresses all incidents and 
complaint received 
including those pertaining 
to air quality. 
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The site’s emergency 
preparedness and response plans 
must cater for dealing with an AQ 
incident, including public 
notification procedures 

  
X 

 

On the Grootegeluk mine 
side the possibility of an AQ 
emergency incident is 
assumed to be low. 
However, on the CHAR 
plant side where there are 
stacks and boilers this will 
have to be addressed.   It is 
recommended that both the 
Mine and Char plant 
develop specific emergency 
procedures for AQ 
incidents and these must 
integrate into the current 
environmental 
management system 

The client must establish 
procedures to monitor and 
measure the effectiveness of the 
AQMS & AQMP's i.e. internal 
inspections and audits 

 
X 

  

This is addressed as part of 
the Air Quality 
Management internal 
standard.  This is then also 
audited as part of the 
External and internal ISO 
compliance Audits. 

AQ risks of the project must be 
disclosed during Public 
participation : the purpose, nature, 
and scale of the project; (ii) the 
duration of proposed project 
activities; (iii) any risks to and 
potential impacts on such 
communities and relevant 
mitigation measures; (iv) the 
envisaged stakeholder 
engagement process; and (v) the 
grievance mechanism 

X 
    

The client must provide periodic 
AQ reports to the Affected 
Communities that describe 
progress with implementation of 
the project Action Plans on issues 
that involve ongoing risk to or 
impacts on Affected Communities 
and on issues that the 
consultation process or grievance 
mechanism have identified as a 
concern to those Communities 

X 
   

As part of the yearly public 
participation – Farmers 
session the results 
regarding greenhouse gas 
and fall out dust is shared. 

The World Bank Group 
Environmental, Health and Safety 
Guidelines (EHS Guidelines) are 
to be used as a technical source 
of information during project 
appraisal, as they represent 
international best practice 

   
X This is a current operation 

not a new endeavor. 
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When host country regulations 
differ from the performance levels 
and measures presented in the 
EHS Guidelines, projects are 
expected to achieve whichever is 
more stringent 

X 
   

The Grootegegeluk mining 
operations will be required 
to comply with the South 
African Ambient air quality 
standards, Emission 
standards as well as the 
standards listed in the EHS 
Guidelines 

 

Performance 
Standard 3: 
Resource 
Efficiency and 
Pollution 
Prevention 

During the project life-cycle, the 
client must consider ambient 
conditions and apply technically 
and financially feasible resource 
efficiency and pollution prevention 
principles to avoid and/or 
minimize adverse AQ impacts on 
human health and the 
environment.  

X 
   

Undertaken however more 
clarity needs to be provided 
in an AQMP for the 
operations 

Application of the resource 
efficiency and pollution prevention 
principles must be in alignment 
with international best practice 
(i.e. As in the World Bank Group 
Environmental, Health and Safety 
Guidelines (EHS Guidelines)) 

X 
   

No proof of application 
visible in literature reviewed 
however it is assumed to 
have been undertaken as 
this function is often closely 
linked to engineering 
designs and best practice 
in engineering   

EHS Guidelines or other 
internationally recognized sources 
must be used when evaluating 
and selecting resource efficiency 
and pollution prevention and 
control techniques for the project 

  
X 

 

Where possible best 
practices are used however 
cost and affordability is still 
the main driver. 

The EHS Guidelines contain the 
performance levels and measures 
that are normally acceptable and 
applicable to projects. When host 
country regulations differ from the 
levels and measures presented in 
the EHS Guidelines, clients will be 
required to achieve whichever is 
more stringent 

X 
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The client will implement 
technically, financially feasible 
and cost effective measures for 
improving efficiency in its 
consumption of resources with the 
minimization of AQ emissions. 
Such measures will integrate the 
principles of cleaner production 
into product design and 
production processes. Where 
possible the processes should be 
benchmarked against similar 
processes to compare the relative 
level of efficiency 

X 
   

This was done in both the 
designs of the GG7 & 8 
pant as well as CHAR II. In 
regards to the Grootegeluk 
mine, it is assumed that 
these principles have been 
implemented. 
Documentation of such 
proof should be compiled if 
absent.   

In addition to the resource 
efficiency measures described 
above, the client must consider 
alternatives and implement 
technically and financially feasible 
and cost-effective options to 
reduce project-related GHG 
emissions during the design and 
operation of the project 

  
X 

 

The Grootegeluk mine 
GHG emissions inventory 
and GHG assessment 
(requires development) 
should highlight practical 
mitigation measures. 
Implementation of these 
mitigation measures will be 
required to achieve 
compliance.  
 
GHG emissions are  
controlled through the 
minimizing of spontaneous 
combustion on the dumps. 

The client must avoid the release 
of pollutants or, when avoidance 
is not feasible, minimize and/or 
control the intensity and mass 
flow of their release. 

X 
   

Mitigation measures are 
currently implemented for 
sources of pollution at 
Grootegeluk e.g. wet and 
chemical suppression on 
the haul roads, wet 
suppression on stockpiles 
and other wind erosion 
sources etc. 

To address potential adverse 
project impacts on existing 
ambient air conditions, the client 
must consider relevant factors, 
including, for example (I) existing 
ambient conditions; (ii) the finite 
assimilative capacity of the 
environment; (iii) existing and 
future land use; (iv) the project’s 
proximity to sensitive areas; and 
(v) the potential for cumulative 
impacts with uncertain and/or 
irreversible consequences.  

X 
   

Undertaken via project 
specific EIA's 
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In addition to applying resource 
efficiency and pollution control 
measures, when the project has 
the potential to constitute a 
significant source of air emissions 
in an already degraded area, the 
client must consider additional 
strategies and adopt measures 
that avoid or reduce negative 
effects. These strategies include, 
but are not limited to, evaluation 
of project location alternatives and 
emissions offsets. 

X 
    

GHG emissions inventory 
  

X 
 

No GHG inventory 
undertaken for the 
operations 

Although not a formal requirement 
under Performance Standard 3, 
clients are encouraged to disclose 
their GHG emissions annually 
through corporate reports, or 
through other voluntary disclosure 
mechanisms 

X 
   

JSE yearly report – 
Carbons Footprint of 
Exxaro is disclosed 

The client should monitor 
emissions to ensure that the 
requirements of Performance 
Standard 3 are being met. The 
frequency with which pollutant 
emissions are monitored should 
be appropriate to the nature, 
scale and variability of potential 
impacts. This may range from 
continuous to daily, monthly, 
annually, or less frequently.  

X 
   

In regards to trace gas 
pollutants, the mine does 
passive badge monitoring 
of NO2, SO2, H2S as well as 
VOC’s in specific sampling 
areas.   
The CHAR Plant also 
undertaken quarterly 
reporting (Compiled by 
Gondwana Environmental 
Solutions Pty Ltd. which are 
provided to LEDET as part 
of their APPA licence.  
In regards to particulate 
pollutants, the mine does 
undertaken dust fallout and 
PM10 monitoring. The 
current dust fallout network 
almost covers the whole 
perimeter of the mine. 
Reporting on the particulate 
data is undertaken in the 
units and averaging periods 
described in the standards 
and proposed dust 
regulations. 
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Ambient and emissions 
monitoring should be 
implemented  

X 
   

In regards to trace gas 
pollutants, the mine does 
passive badge monitoring 
of NO2, SO2, H2S as well as 
VOC’s in specific sampling 
areas.   
The CHAR Plant also 
undertaken quarterly 
reporting (Compiled by 
Gondwana Environmental 
Solutions Pty Ltd. which are 
provided to LEDET as part 
of their APPA licence.  
In regards to particulate 
pollutants, the mine does 
undertaken dust fallout and 
PM10 monitoring. The 
current dust fallout network 
almost covers the whole 
perimeter of the mine. 
Reporting on the particulate 
data is undertaken in the 
units and averaging periods 
described in the standards 
and proposed dust 
regulations. 

The EMS may also include an 
element of continual AQ 
improvement 

X 
    

For a new project, the client 
should evaluate whether the 
existing background ambient 
levels are in compliance with the 
relevant ambient quality 
guidelines and/or standards 

X 
   

Covered via the EIA 
assessment process 

If the ambient levels exceed the 
relevant ambient quality 
guidelines or standards (i.e., 
ambient conditions are already 
deteriorated), clients are expected 
to demonstrate that they have 
explored and, if necessary, 
adopted a higher level of 
performance than would be 
otherwise required under less 
deteriorated ambient conditions 
as well as further mitigation 
measures (e.g., offsetting 
emissions, modifying site 
selection) in order to minimize 
further deterioration of the 
environment 

X 
   

Covered via the EIA 
assessment process 
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The project should not normally 
consume more than 25 percent of 
the assimilative capacity between 
the pre-project case and the 
relevant ambient quality guideline 
standards. 

 
X 

  
Requires assessment on a 
case by case basis 

The client should also review the 
Montreal Protocol on substances 
that Deplete the Ozone Layer. 
Clients should avoid manufacture 
and consumption of such 
compounds (e.g. 
chlorofluorocarbons (CFCs), 
halons, carbon tetrachloride and 
1,1,1-trichloroethane) Continued 
use of CFC refrigerant already 
present within refrigeration 
machinery is permitted, although 
in these circumstances it is good 
practice to minimize refrigerant 
leakage. 

X 
   

Air-cons and refrigerators 
that have CFC’s has been 
removed from site and 
replaced with units not 
using ozone depleting 
substances. Additionally 
care is taken to not 
purchase equipment  that 
contain or produce ozone 
depleting substances 

Clients with projects producing 
significant GHG emissions 
(>25000t CO2 equivalent 
annually) are required to evaluate 
(I) Scope 1 Emissions: direct 
emissions from the facilities that 
they own or control within the 
physical project boundary and, if 
feasible and relevant, and (ii) 
Scope 2 Emissions: indirect 
emissions associated with the 
project’s use of energy but 
occurring outside the project 
boundary (e.g., GHG emissions 
from purchased electricity, heat or 
cooling) 

  
X 

 

No GHG inventory 
available for review and 
thus cannot be determined. 
It is assumed however that 
the cumulative emissions 
will be in excess of the 
>25000t CO2 equivalent 
annually and thus the GHG 
evaluations are required 
 

 

General EHS 
Guidelines : 
Environmental 
- Air emission 
and ambient 
air quality 

Projects with significant sources 
of air emissions, and potential for 
significant impacts to ambient air 
quality, should prevent or 
minimize impacts by ensuring 
that: 

   
N/A Handled under the project 

EIA's 

1) Emissions do not exceed 
relevant ambient quality 
guidelines and national legislated 
standards, or in their absence the 
current WHO Air Quality 
Guidelines (Appendix A) or other 
internationally recognized sources 

X 
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2) Emissions do not contribute a 
significant portion to the 
attainment of relevant ambient air 
quality guidelines or standards 
(<25% percent contribution to 
attaining the guideline of the 
applicable air quality standards to 
allow additional, future 
sustainable development in the 
same airshed) 

X 
    

Impacts should be estimated 
through qualitative or quantitative 
assessments by the use of 
baseline air quality assessments 
and atmospheric dispersion 
models to assess potential ground 
level concentrations 

X 
    

Local atmospheric, climatic, and 
air quality data should be applied 
when modelling dispersion 

X 
    

The dispersion model applied 
should be internationally 
recognized, or comparable 

X 
    

For projects located in degraded 
airsheds or ecologically sensitive 
areas, the emissions contribution 
should be kept to an absolute 
minimum as feasibly possible with 
the application of suitable 
mitigation measures, as 
established in a project-specific 
environmental assessment 

X 
    

All point source emissions should 
be avoided and controlled 
according to good international 
industry practice (GIIP) applicable 
to the relevant industry sector, 
depending on ambient conditions, 
through the combined application 
of process modifications and 
emissions controls 

 
X 

  

Point source emissions are 
controlled but not 
necessary according to the 
GIIP. To reach compliance 
an investigation must be 
undertaken for all point 
sources on site to 
determine the status quo in 
regards to GIIP. Those 
below GIIP should be 
upgraded to meet the GIIP.  
 
The Char plant includes 
scrubbers, electrostatic 
precipitators and flaring to 
reduce stack emissions as 
a GIIP. Clarity is needed in 
regards to the 
implementation of GIIP on 
the rest of the operations 
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The stack height for all point 
sources of emissions, should be 
designed according to GIIP  
(Appendix B) to avoid excessive 
ground level concentrations due 
to downwash, wakes, and eddy 
effects, and to ensure reasonable 
diffusion to minimize impacts 

X 
   

Only the Char plant has 
stacks and these design 
were done according to 
Best Practice 

Small combustion processes, 
regardless of the fuel type, with a 
total, rated heat input capacity of 
between 3 Megawatt thermal 
(MWth) and 50 MWth are required 
to follow the emission guidelines 
in Appendix C when operate > 
500 hours per year, and those 
with an annual capacity utilization 
of >30%. Plants firing a mixture of 
fuels should compare 
emissions performance with these 
guidelines based on the sum of 
the relative contribution of each 
applied fuel 
 
 
 

 
X 

  

The Char plant is to 
investigate applicability of 
their operations with 
Appendix C and if 
applicable, make the 
required amendments to 
allow for compliance. 

Fugitive sources 
     

Projects with potentially significant 
fugitive sources of emissions 
should establish the need for 
ambient quality assessment and 
monitoring system 

X 
    

Burning of any waste and the 
associates fugitive air emissions 
on site is not considered best 
practice and should not be 
allowed on site 

X 
    

Fugitive VOC emissions should 
be prevented and where 
prevention is not possible, 
minimized by:   

     

1) Regular equipment 
maintenance to prevent leaks X 

    

2) Equipment modifications X 
    

3) Substitution to less volatile 
substances  

X 
  

Grootegeluk mine should 
investigate and consider 
where alternative, less 
volatile substances can be 
used (i.e. less volatile fuels, 
lubricants etc.)   
 
Panto lines are used to 
reduce diesel usage as well 
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as emissions. 

4) Implementing a leak detection 
and repair programs X 

   

This currently form part of 
the Pre-shift inspection 
process.  If leaks are 
detected they are recorded, 
reported and fixed. 

5) Collection of vapours through 
extraction systems and 
subsequent treatment of gas 
stream by removing VOCs with 
control devices such as 
condensers or activated carbon 
absorption 

X 
   

The Char plant makes use 
of thermal liquor 
destructors to get rid of 
harmful vapours. Some of 
the vapours are used to run 
the plant and only the 
excess is released to the 
environment 

6) Collection of vapours through 
air extractors and subsequent 
treatment with destructive control 
devices 

X 
   

The Char plant makes use 
of thermal liquor 
destructors to get rid of 
harmful vapours. Some of 
the vapours are used to run 
the plant and only the 
excess is released to the 
environment 

7) Use of floating roofs on storage 
tanks to reduce the opportunity for 
volatilization   

X 
 

Not implemented.  
Relevancy to GLK to be 
investigated. 

Particulate emissions should be 
prevented and where prevention 
is not possible, minimized by:      

1) Use of dust control methods, 
such as covers, water 
suppression, or increased 
moisture content for open 
materials storage piles, or 
controls, including air extraction 
and treatment through a bag 
house or cyclone for material 
handling sources, such as 
conveyors and bins 

X 
    

2) Use of water suppression for 
control of loose materials on 
paved or unpaved road surfaces.  
Examples of additional control 
options for unpaved roads are 
included in Appendix D 

X 
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Several chemicals are classified 
as ozone depleting substances 
(ODSs) and are scheduled for 
phase-out under the Montreal 
Protocol on Substances that 
Deplete the Ozone Layer. No new 
systems or processes should be 
installed using CFCs, halons, 
1,1,1-trichloroethane, carbon 
tetrachloride, methyl bromide or 
HBFCs. 

X 
   

Air-cons and refrigerators 
that have CFC’s has been 
removed from site and 
replaced with units not 
using ozone depleting 
substances. Additionally 
care is taken to not 
purchase equipment that 
contain or produce ozone 
depleting substances. 
No new systems or 
processes should be 
installed using CFCs, 
halons, 1,1,1-
trichloroethane, carbon 
tetrachloride, methyl 
bromide or HBFCs.  Hylon 
fire systems to be phased 
out. 

Emissions from on-road and off-
road vehicles should comply with 
national or regional legislation. In 
the absence of these, the 
following approach should be 
considered: 

     

1) Regular maintenance programs 
in alignment with the 
manufacturer recommendations 

X 
    

2) Drivers should be trained and 
instructed on the benefits of 
driving practices that reduce both 
the risk of accidents and fuel 
consumption, including measured 
acceleration and driving within 
safe speed limits 

X 
   

This is done as part of the 
Safety and Energy saving 
program.  

3) Operators with fleets of 120 or 
more units of heavy duty vehicles 
(buses and trucks), or 540 or 
more light duty vehicles (cars and 
light trucks) within an airshed 
should 
consider additional ways to 
reduce potential impacts 
including: Replacing older 
vehicles, new more fuel efficient 
alternatives; converting high-use 
vehicles to cleaner fuels, where 
feasible; Installing and 
maintaining emissions control 
devices, such as catalytic 
converters; Implementing a 
regular vehicle maintenance and 
repair program 

 
X 

  

Panto lines are used to 
reduce diesel usage as well 
as emissions. 



 
AQ EMP INPUT 

 

October 2012 
Report No. 10613055-11590-3 50 

 

In operation where significant 
Green House Gasses (GHGs) 
may be or are produced, the 
following recommendations are 
available: 

     

1) Carbon financing 
 

X 
 

 Carbon financing is being 
investigated for the Discard 
Dumps as well as the Coke 
and Co-generation. This is 
being undertaken as a 
separate project and not 
under the consolidated 
EMPR.   
The Grootegeluk mine 
should investigate if these 
items are relevant and 
could be options to offset 
the GHG emissions 

2) Enhancement of energy 
efficiency and conservation  

X 
 

 

3) Protection and enhancement of 
sinks and reservoirs of GHGs  

X 
  

4) Promotion of sustainable forms 
of agriculture and forestry    

X 

5) Promotion, development and 
increased use of renewable forms 
of energy;  

X 
  

6) Limitation and/or reduction of 
methane emissions  

X 
  

Monitoring 
     

Monitoring parameters: The 
monitoring parameters selected 
should reflect the pollutants of 
concern associated with project 
processes 

 
X 

  

An AQMS is available 
however clarity on whether 
the network covers all the 
key pollutants is unclear. 
An emissions inventory for 
the operations is required 

Baseline calculations: Before a 
project is developed, baseline air 
quality monitoring at and in the 
vicinity of the site should be 
undertaken to assess background 
levels of key pollutants, in order to 
differentiate between existing 
ambient conditions and project-
related impacts 

X 
    

Monitoring type and frequency: 
**Data on emissions and ambient 
air quality generated through the 
monitoring program should be 
representative of the emissions 
discharged by the project over 
time 

 
X 

  

On face value monitoring is 
undertaken for the 
operations however a 
definitive determination of 
this item can only be 
reached via a network audit 

Monitoring locations: Ambient air 
quality monitoring may consists of 
off-site or fence line monitoring 
but must be appropriate for the 
emission source and located 
appropriately 

 
X 

  

On face value, an AQMS is 
available however clarity on 
whether the network covers 
all infrastructural units 
sufficiently needs to be 
determined via a network 
audit. 



 
AQ EMP INPUT 

 

October 2012 
Report No. 10613055-11590-3 51 

 

Sampling and analysis methods: 
Monitoring programs should apply 
national or international methods 
for sample collection and 
analysis, such as those published 
by the International Organization 
for Standardization, the European 
Committee for Standardization, or 
the U.S. Environmental Protection 
Agency 

 
X 

  

On face value, it is 
assumed that the 
monitoring is undertaken in 
alignment with 
internationally recognized 
methods. In order to 
increase the confidence 
level in this regard, the 
methods need to be 
checked and verified as 
meeting the international 
requirements 

Analysis should be conducted by 
entities permitted or certified for 
this purpose 

X 
   

Assumed to be in 
compliance 

Sampling and analysis Quality 
Assurance / Quality Control 
(QA/QC) plans should be applied 
and documented 

X 
   

QA/QC procedures are 
dealt with via the company 
internal standard (BPI.doc) 

Small combustion process 
monitoring - boilers     

Done as part of the CHAR 
process and  compliance 
with APPA licenses   
Note: Proof documentation 
for this item not available 
for review 

Boilers with capacities between 
=3 MWth and < 20 MWth:    

 X 

Clarity on this item not 
currently available,  hence 
assumed non-compliance 
(i.e. Precautionary principle 
implemented  
 

Annual Stack Emission Testing: 
SO2, NOx and PM. For gaseous 
fuel-fired boilers, only NOx. SO2 
can be calculated based on fuel 
quality certification if no SO2 
control equipment is used 

  
 X 

Clarity on this item not 
currently available,  hence 
assumed non-compliance 
(i.e. Precautionary principle 
implemented  
 

If Annual Stack Emission Testing 
demonstrates results consistently 
and significantly better than the 
required levels, frequency of 
Annual Stack Emission Testing 
can be reduced from annual to 
every two or three years. 

  
 X 

Clarity on this item not 
currently available,  hence 
assumed non-compliance 
(i.e. Precautionary principle 
implemented  
 

 Emission Monitoring: None 
   

X 

Clarity on this item not 
currently available,  hence 
assumed non-compliance 
(i.e. Precautionary principle 
implemented  

Boilers with capacities between 
=20 MWth and < 50 MWth:    

X 

Clarity on this item not 
currently available,  hence 
assumed non-compliance 
(i.e. Precautionary principle 
implemented  
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Annual Stack Emission Testing: 
SO2, NOx and PM. For gaseous 
fuel-fired boilers, only NOx. SO2 
can be calculated based on fuel 
quality certification (if no SO2 
control equipment is used).  

  
X 

 

Clarity on this item not 
currently available,  hence 
assumed non-compliance 
(i.e. Precautionary principle 
implemented  
 

Emission Monitoring: SO2. Plants 
with SO2 control equipment: 
Continuous. NOx: Continuous 
monitoring of either NOx 
emissions or indicative NOx 
emissions using combustion 
parameters. PM: Continuous 
monitoring of either PM 
emissions, opacity, or indicative 
PM emissions using combustion 
parameters / visual monitoring 

  
X 

 

 
Some emissions monitoring 
appears to be undertaken 
at the Char plant however 
detailed clarity on this is 
currently not available. It is 
recommended that the 
monitoring network audit, 
also addresses this item 
 

Small combustion process 
monitoring - turbines    

X 

Appears not to be 
applicable as all 
combustion sources are 
large 

Annual Stack Emission Testing: 
NOx and SO2 (NOx only for 
gaseous fuel-fired turbines).      

X  

If Annual Stack Emission Testing 
results show constantly (3 
consecutive years) and 
significantly (e.g. less than 75 
percent) better than the required 
levels, frequency of Annual Stack 
Emission Testing can be reduced 
from annual to every two or three 
years. 

  
 X  

Emission Monitoring: NOx: 
Continuous monitoring of either 
NOx emissions or indicative NOx 
emissions using combustion 
parameters. SO2: Continuous 
monitoring if SO2 control 
equipment is used. 

  
 X  

Small combustion process 
monitoring - engines   

X 
  

Annual Stack Emission Testing: 
NOx ,SO2 and PM (NOx only for 
gaseous fuel-fired diesel engines)    

X Relevancy to be 
investigated 

If Annual Stack Emission Testing 
results show constantly (3 
consecutive years) and 
significantly (e.g. less than 75 
percent) better than the required 
levels, frequency of Annual Stack 
Emission Testing can be reduced 
from annual to every two or three 
years. 

   
X Relevancy to be 

investigated 
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Emission Monitoring: NOx: 
Continuous monitoring of either 
NOx emissions or indicative NOx 
emissions using combustion 
parameters.  SO2: Continuous 
monitoring if SO2 control 
equipment is used. PM: 
Continuous monitoring of either 
PM emissions or indicative PM 
emissions using operating 
parameters. 

   
X Relevancy to be 

investigated 

 
 

Environmental, 
Health and 
Safety 
Guidelines: 
Coal 
Processing 

Recommended PM control 
measures      

Design of the plant or facility 
layout to facilitate emissions 
management and to reduce the 
number of coal transfer points 

 
X 

  

Was assumed that this was 
undertaken as a standard 
engineering practice  

Use of loading and unloading 
equipment to minimize the height 
of coal drop to the stockpile (i.e. 
application of drop height 
reduction practices throughout the 
plant) 

X 
   

The application of drop 
height reduction practices 
are implemented on site  

Use of water spray systems 
and/or polymer coatings to reduce 
the formation of fugitive dust from 
coal storage (e.g. on stockpiles) 
as feasible depending on the coal 
quality requirements 

X 
 

 
 

Wet suppression on coal 
stockpiles is implemented 
on site 

Capture of coal dust emissions 
from crushing / sizing activities 
and conveying to a bag house 
filter or other particulate control 
equipment 

 
X  

 
Requires investigation to 
determine feasibility 

Use of centrifugal (cyclone) 
collectors followed by high 
efficiency venturi aqueous 
scrubbers for thermal dryers 

 
X  

 
Requires investigation to 
determine feasibility 

Use of centrifugal (cyclone) 
collectors followed by fabric 
filtration for pneumatic coal 
cleaning equipment 

 
X  

 
Requires investigation to 
determine feasibility 

Use of enclosed conveyors 
combined with extraction and 
filtration equipment on conveyor 
transfer points 

 
X  

 
Requires investigation to 
determine feasibility 
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Suppression of dust during coal 
processing (e.g., crushing, sizing, 
and drying) and transfer (e.g., 
conveyor systems) using, for 
example, spraying systems with 
water collection and subsequent 
treatment or re-use of the 
collected water 

 
X  

 
Requires investigation to 
determine feasibility 

Recommendations to prevent 
and control fugitive sources of 
air pollutants      

Reduce fugitive emissions from 
pipes, valves, seals, tanks, and 
other infrastructure components 
via regularly monitoring with 
vapour detection equipment and 
maintenance or  replacement of 
components 

X 
    

Maintain stable tank pressure and 
vapour space by: Coordination of 
filling and withdrawal schedules 
and implementing vapour 
balancing between tanks. Use of 
white or other colour paints with 
low heat absorption properties on 
exteriors of storage tanks as 
reduce heat absorption leads to 
less vapour generation 

X 
   

Managed  by Total South 
Africa who manages the 
Fuel Depot 

Based on the tank storage 
capacity and vapour pressure of 
materials being stored, select a 
specific tank type to minimize 
storage and working losses 
according to internationally 
accepted design standards 

   
X Will be considered should 

new tanks be added 

For fixed roof storage tanks, 
minimize storage and working 
losses by installation of an 
internal floating roof and seals 

  
X 

 
Relevancy requires 
investigation 

For floating roof storage tanks, 
design and install decks, fittings, 
and rim seals in accordance with 
international standards to 
minimize evaporative losses.  

  
X 

 
Relevancy requires 
investigation 

Consider use of supply and return 
systems, vapour recovery hoses, 
and vapour tight trucks / railcars / 
vessels during loading and 
unloading of transport vehicles 

  
X 

 

Wiggans Couplings are 
used when fueling vehicles 
to ensure that there are no 
spills and losses of 
vapours.  Use of proper 
vapour recovery systems to 
be investigated throughout 
the plant  
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Use bottom loading truck / rail car 
filling systems to minimize vapour 
emissions   

X 
 

Relevancy requires 
investigation 
 

Where vapour emissions may 
contribute or result in ambient air 
quality levels above health based 
standards, consider installation of 
secondary emissions controls, 
such as vapour 
condensing and recovery units, 
catalytic oxidizers, gas adsorption 
media, refrigeration, or lean oil 
absorption units 

  
X 

 

Relevancy requires 
investigation 
 

GHG's 
     

Recommendations for energy 
conservation and the 
management of greenhouse gas 
emissions (I.e. A GHG emissions 
inventory is required)   
 

  
X 

 

Relevancy requires 
investigation 
 
 

Particulate Matters, Heavy Oils, 
and Heavy Metals      
Coal preparation activities (e.g., 
use of dryers), coal gasification 
(e.g., feeding and ash removal), 
and coal liquefaction processes 
may generate point-source 
emissions of dust and heavy oils 
(e.g. coal tar distillates). 
Appropriate technology should be 
selected to minimize the emission 
levels. 

  
X 

 

Relevancy requires 
investigation 
 

Most heavy metals can be 
removed through a wet scrubber.    

X 
 

Relevancy to be 
investigated and 
determined 

Absorption technology may be 
required to remove mercury in 
coal with higher mercury content.   

X 
 

Currently mercury is not a 
problem at the  
Grootegeluk mine and 
processing plants., 
Manganese levels can be 
high but this is also not a 
consistent issue 

Acid Gases and Ammonia 
emissions      

Installation of a sulphur recovery 
process to avoid emissions of H2S 
(e.g. Claus).    

X 
 

Sulfur and H2S gets 
released during 
spontaneous combustion. 
No emissions capturing is 
possible for spontaneous 
combustion. Prevention 
measures are implemented 
to prevent spontaneous 
combustion where possible.  
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An assessment should be 
undertaken on all plant 
process lines to determine 
whether sulphur recovery 
process could be 
implemented  

Venting of the slurry mix tanks to 
combustion air supplies for power 
or heat generation   

 X  

Installation of scrubbing 
processes, either oxidation tail 
gas scrubbers or reduction tail 
gas scrubbers, as well as Venturi 
scrubbers, to reduce emissions of 
sulphur dioxides 

  
 X  

If installing incineration devices 
for removal of sulphur, operate 
the incinerator at temperatures of 
650 degrees Celsius (°C) or 
higher with proper air-to-fuel 
ratios in order to completely 
combust H2S 

X 
   

Part of the CHAR 
manufacturing process, 
assumed to be in 
compliance 

Equip stacks with access for the 
operation of monitoring devices 
(e.g., to monitor SO2 emissions 
from the Claus process and 
incinerators) 

  
X 

 

If possible, emissions 
monitoring of SO2 should 
be undertaken at all key 
point sources 

Exhaust Gases 
     

Must be managed as detailed in 
the EHS guidelines   

X 
 

Not currently practiced, for 
vehicles since SA 
legislation currently only 
requires the mentoring of 
exhaust fumes when on 
public roads. In order to 
reach compliance, a 
program to manage these 
emissions must be 
implemented in alignment 
with the EHS guidelines. 
In regards to other forms of 
exhaust emissions the 
relevance of this requires 
investigation through all 
plant operations  

Venting and Flaring 
    

Specific to the CHAR plant 
only  

Optimize plant controls to 
increase the reaction conversion 
rates 

X 
 

 
 

Assumed to be in 
compliance, no proof 
available for review 

Utilize unreacted raw materials 
and by-product combustible 
gases for power generation or 
heat recovery, if possible 

X 
 

 
 

Assumed to be in 
compliance, no proof 
available for review 
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Provide back-up systems to 
maximize plant reliability X 

 
 

 

Assumed to be in 
compliance, no proof 
available for review 

Locate flaring systems at a safe 
distance from personnel 
accommodations and residential 
areas and maintain flaring 
systems to achieve high 
efficiency. 

X 
 

 
 

Assumed to be in 
compliance, no proof 
available for review 

Emission levels 
     

Guidelines are achievable under 
normal operating conditions in 
appropriately designed and 
operated facilities through the 
application of pollution prevention 
and control techniques.  

X   
 

Currently the Grootegeluk 
mine  appears to comply to 
SA emission standards 

The emission guidelines for 
process emissions are included in 
Appendix E. Emissions guidelines 
for combustion sources are 
detailed in the EHS Guidelines. 
Note: sources with a capacity 
equal to or lower than 50 MWth 
are addressed in the General 
EHS Guidelines with larger power 
source emissions addressed in 
the EHS Guidelines for Thermal 
Power. 

 
X 

  

 
Currently the Grootegeluk 
mine appears to comply to 
SA emission standards, 
proof not available for 
review. To reach full 
compliance, the 
Grootegeluk mine must 
also comply with the EHS 
Guideline stipulated 
emission levels   

Environmental monitoring 
     

Environmental monitoring 
activities should be based on 
direct or indirect indicators of 
emissions, effluents, and resource 
use applicable to the particular 
project. Monitoring frequency 
should be sufficient to provide 
representative data for the 
parameter being monitored.  

X 
    

Monitoring should be conducted 
by trained individuals following 
monitoring and record-keeping 
procedures and using properly 
calibrated and maintained 
equipment. 

X 
   

Stack and PM10 monitoring 
is undertaken by an 
outsourced service provider 
at the CHAR Plant and 
Grootegeluk Mine (PM10) 

Monitoring data should be 
analyzed and reviewed at regular 
intervals and compared with the 
operating standards so that any 
necessary corrective actions can 
be taken. 

X 
   

Monitoring reports 
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Equator 
Principles 
June 2006 

Principle 1: Review and 
Categorization      

Has the project been categorized 
based on the magnitude of its 
potential impacts and risks in 
accordance with the 
environmental and social 
screening criteria of the 
International Finance Corporation 
(IFC) 

¡ Category A – Projects with 
potential significant adverse 
social or environmental 
impacts that are diverse, 
irreversible or 
unprecedented; 

¡ Category B – Projects with 
potential limited adverse 
social or environmental 
impacts that are few in 
number, generally site-
specific, largely reversible 
and readily addressed 
through mitigation measures; 
and 

¡ Category C – Projects with 
minimal or no social or 
environmental impacts. 

 
X 

  

The mining operations have 
not been formally 
categorized however they 
will fall into Category A of B 

Principle 2: Social and 
Environmental Assessment      
If the proposed project is a 
Category A or Category B, has 
the borrower conducted the Social 
and Environmental Assessment 
process to the EPFI’s satisfaction  

 
X 

  

Undertaken as part of the 
various EIA's but clarity on 
meeting the IFC 
requirements is not clear 

Assessment must also propose 
mitigation and management 
measures relevant and 
appropriate to the nature and 
scale of the proposed project 

X 
    

Questions to be answered as 
part of the assessment      

a) assessment of the baseline AQ 
conditions undertaken X 

   

Undertaken during the 
various EIA's on individual 
projects / See 2006 Air 
Shed report & monitoring 
reports for the CHAR plant 

b) consideration of feasible 
environmentally and socially 
preferable alternatives 

X 
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c) AQ requirements under host 
country laws and regulations, 
applicable international treaties 
and agreements 

X 
    

n) AQ impacts on affected 
communities, and disadvantaged 
or vulnerable groups 

X 
    

p) cumulative AQ impacts of 
existing projects, the proposed 
project, and anticipated future 
projects 

 
X 

  

A cumulative impact 
assessments for the 
operations is available 
however the dispersion 
model is relatively old (>3 
years old). The cumulative 
impacts assessment and 
model for the operations 
should be updated to be 
representative of the 2012 
operations and any future 
planned developments for 
the next 5 years.  

q) consultation and participation 
of affected parties in the design, 
review and implementation of the 
project 

X 
    

r) efficient production, delivery 
and use of energy X 

    
s) pollution prevention and waste 
minimization, pollution controls 
(liquid effluents and air emissions) 
and solid and chemical waste 
management 

X 
    

Principle 3: Applicable Social 
and Environmental Standards      
Does the assessment refer to the 
IFC Performance Standards and 
the Industry Specific EHS 
Guidelines 

  
 X Most EIA assessments do 

not refer to the standards  

Does the assessment establish 
project's overall compliance with, 
or justified deviation from, the 
respective Performance 
Standards and EHS Guidelines 

  
 X Most EIA assessments do 

not refer to the standards  

Principle 4: Action Plan and 
Management System      
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An Action plan which addresses 
the relevant findings, and draws 
on the conclusions of the 
Assessment is available. The 
Action plan will describe and 
prioritize the actions needed to 
implement mitigation measures, 
corrective actions and monitoring 
measures necessary to manage 
the impacts and risks identified in 
the Assessment (I.e. and AQMP) 

  
X 

 

Mitigation measures are 
provided on an individual 
basis for the various 
sources of air pollution.  A 
formal AQMP is currently 
being developed for the 
entire area. 

The proponent of the project will 
build on, maintain or establish a 
Social and Environmental 
Management System that 
addresses the management of 
these impacts, risks, and 
corrective actions required to 
ensure legal compliance with the 
host countries laws and 
applicable Performance 
Standards and EHS Guidelines 

X 
    

Principle 5: Consultation and 
Disclosure      
Had the public participation been 
undertaken  X 

    
Has the appropriate project 
information been disclosed to the 
public 

X 
    

Has the public been afforded 
sufficient time to comment X 

    
Principle 6: Grievance 
Mechanism      

Is there a grievance mechanism 
present whereby the affected 
person can raise their concerns 

X 
   

Annual I & AP Meeting as 
well as a Complaints 
system available. Proof not 
available 

Principle 7: Independent 
Review      

For all Category A projects and, 
as appropriate, for Category B 
projects, an independent social or 
environmental expert not directly 
associated with the borrower will 
review the Assessment and the 
consultation process 
documentation 

X 
   

All EIA’s and EMPR’s are 
compiled by third parties 
and goes through a 3rd part 
review before going out for 
public comment.  

Principle 8: Covenants 
     

Are the following covenants 
complied with:      
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To Comply with all relevant host 
country social and environmental 
laws, regulations and permits in 
all material respects 

X 
    

Does the assessment cover all 
material aspects for the 
construction and operational 
phases of the project 

X 
    

Are reports monitoring provided 
(with the frequency of these 
reports proportionate to the 
severity of impacts, or as required 
by law, but not less than annually) 
and do they confirm the level of 
compliance 

X 
   

Report are provided to 
Government Departments 
according to legislation and 
licensed conditions 

For decommissioning, is a 
decommissioning plan available, 
detailing how the 
decommissioning AQ issues will 
be managed 

   
X 

Currently the mine is 
approximately 45 years 
from closure.  Specific 
decommissioning plans will 
only be developed 10 to 5 
years before actual closure.  
Funds for 
Decommissioning of the 
plants and dumps are 
provided for as part of the 
closure cost quantum. 

Principle 9: Independent 
Monitoring and Reporting      

To ensure ongoing monitoring 
and reporting over the life of the 
loan, all Category A projects and 
as appropriate, for Category B 
projects, require appointment of 
an independent service provider 
(external experts) to verify its 
monitoring information which 
would be shared with EPFIs. 

 
X 

  

Currently only the CHAR 
Plant air quality results are 
monitored, analyzed and 
reported on by a third party.  
 
In the past, other 
monitoring was conducted 
by independent third 
parties. 
During the assessment no 
evidentiary proof on the 
current status was available  

Principle 10: EPFI Reporting 
     

Each EPFI adopting the Equator 
Principles commits to report 
publicly at least annually about its 
Equator Principles implementation 
processes and experience, taking 
into account appropriate 
confidentiality considerations. 

  
X 

 

 
This is not done and must 
be undertake n annually for 
IFC compliance 
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Environmental, 
Health and 
Safety 
Guidelines for 
Large Volume 
Inorganic 
Compounds 
Manufacturing 
and Coal Tar 
Distillation 

Coal Tar distillation typically 
releases the following process 
emissions: CO, tar fume, odour, 
polycyclic aromatic hydrocarbons 
(PAH) and particulate matter. 
These emissions require control 
via the application of mitigation 
measures. Recommended 
measures are provided below: 

  
X 

 

Relevant to the Char plant 
processes as coal tar 
distillate is produced during 
the CHAR process. 

Use ground-based pumps and 
other methods to optimize tar 
deliveries to reduce emissions of 
tar fume and odour 

 
X  

 
Relevance requires 
clarification 

Site storage tanks downwind of 
potential nearby receptors,  

X   Relevance requires 
clarification 

Temperature control of stored 
materials and implement careful 
handling procedures to prevent 
odour nuisance 

 
X   Relevance requires 

clarification 

Implement overfill prevention 
methods for bulk storage tanks, 
such as high-level alarms or 
volume indicators 

 
X   Relevance requires 

clarification 

Use local exhaust ventilation 
adequate to collect and treat VOC 
emissions from mixing tanks and 
other processing equipment 

 
X   Relevance requires 

clarification 

Emission guidelines for coal tar 
distillation are:  

X  
 

Monitoring to determine of 
the guidelines are complied 
with needs to be 
undertaken 

Tar fume 10 (mg/Nm3) 
    

  
VOC 50 (mg/Nm3) 

    
  

Particulate Matter 50 (mg/Nm3) 
    

  

 

Environmental, 
Health and 
Safety 
Guidelines for 
Mining 

Fugitive dust emissions from the 
dry surfaces of tailings facilities, 
waste dumps, stockpiles and 
other exposed areas should be 
minimized. Recommended dust 
management strategies include: 

    
  

Dust suppression techniques (e.g. 
wetting down, surface alterations, 
optimization of traffic patterns, 
speed control etc) 

X 
   

  

Exposed soils and other erodible 
materials should be revegetated 
or covered promptly   

X 
 

Currently the practice of 
rehabilitation is not practice 
uniformly through the 
operations, although some 
dumps have been 
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rehabilitated. Currently, an 
Erosion Management plan 
is currently being 
developed which will assist 
in addressing this issue  

New areas should be cleared and 
opened-up only when absolutely 
necessary  

X 
  

New areas are opened up 
according to the Mining 
Plan.  

Surfaces should be re-vegetated 
or otherwise rendered non-dust 
forming when inactive 

X 
   

After construction re-
vegetation is done to cover 
disturbed areas. 

Storage for dusty materials should 
be enclosed or operated with 
efficient dust suppressing 
measures 

X 
   

Dust suppression is actively 
done in the plants as well 
as in the pit.   
Product stockpiles have a 
quick turn around and 
product has a 12 -13% 
moisture level whilst still on 
the beds.  

Loading, transfer, and discharge 
of materials should take place 
with a minimum height of fall, and 
be shielded against the wind, and 
consider use of dust suppression 
spray systems 

 
X 

  

Dust suppression is done at 
all loading points. A drop 
height reduction 
programme needs to be 
developed and rolled out 

Conveyor systems for dusty 
materials should be covered and 
equipped with measures for 
cleaning return belts 

X 
   

Conveyor systems mostly 
transfer materials with a 
high moisture contend so 
dust is minimal.  Where 
required when conveying 
product to Eskom closed 
conveyors are used. 

Gaseous emissions  
    

  
The main sources of gaseous 
emissions are from combustion of 
fuels in power generation 
installations, mobile emissions, 
methane emissions and from 
drying, roasting, and smelting 
operations 

   
X   

All power source emissions are to 
be addressed under the EHS 
guidelines  

X 
  

Addressing the emissions 
must be undertaken in 
alignment with the EHS 
guidelines 

Smelting & Roasting operations 
    

  

Many producers of precious 
metals smelt metal on site prior to 
shipping to offsite refineries. 
Typically gold and silver is 
produced in small melting / fluxing 
furnaces which produce limited 
emissions but have the potential 
for mercury emissions from 

   
X Assumed not applicable  
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certain ores. Testing should be 
undertaken prior to melting to 
determine whether a mercury 
retort is required for mercury 
collection 
Operations that employ roasting 
of concentrates are often 
associated with elevated levels of 
mercury, arsenic and other metals 
as well as SO2 emissions. 
Recommended management 
strategies include: 

   
X Assumed not applicable  

Operations at controlled 
temperature (higher temperature 
roasters generally cause more 
problems 
of contaminant control) 

   
X Assumed not applicable  

Inclusion of an appropriate gas 
scrubbing system    

X Assumed not applicable  

During smelting, care should be 
taken to avoid formation of nickel 
carbonyl and chromium VI during 
the smelting process. Where 
methane drainage (venting) is 
practiced, consideration should be 
given to beneficial utilization of 
the gas 

   
X Assumed not applicable  

 

National 
Environmental 
Management 
Act: Air Quality 
Act, Act 39 of 
2004. 
 
(Please refer 
to Appendix F 
for the 
appropriate, 
applicable SA 
guidelines and 
standards) 

Is ambient air quality monitoring 
undertaken and are the 
monitoring networks appropriate 
(I.e. an AQMS) 

 
X 

  

AQ monitoring is 
undertaken however a 
network audit is required to 
confirm if appropriate.  
 
Wind speed and direction is 
monitored at 2m above the 
ground from E-Samplers 
which is not in alignment 
with best practice (i.e. >9 
m). E-samplers only cover 
the pit and plant area. 
There are no dust samplers 
which would capture dust 
fallout originating from the 
Medupi power station site 
nor from the Matimba 
power station thus source 
apportionment is not 
possible 

Is the monitoring equipment 
installed in alignment with best 
practice   

X 
 

Required confirmation via a 
AQ network audit 

Is there a report detailing the 
monitoring station siting rational   

X 
 

Required confirmation via a 
AQ network audit to 
determine reasons for siting 
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A detailed air pollution 
management plan for the 
mining operation should be 
developed and include the 
rationale 

Project AQ emissions to be within 
the ambient air quality guidelines X 

   

PM10 typically falls within 
the standard, some 
exceedances are 
encountered with SO2, 
Benzene, Toluene. 
Concentrations and 
frequency of exceedances 
are within the norms of a 
typical coal mining 
environment  

Dust fallout levels within the draft 
dust fallout regulations X 

   

Some dust fallout 
exceedances of the draft 
regulations are 
encountered however 
frequency of exceedances 
are within the norms of a 
typical coal mining 
environment 

PM2.5 levels within the South 
African standard. 
   

X 
 

Not monitored, however 
due to several combustion 
processes on site and 
spontaneous dump 
combustion sources, this 
parameter should be 
monitored on site and 
compared to the South 
African PM2.5 ambient air 
quality standards  

Are appropriate atmospheric 
emission licenses held for all 
listed activities 

X 
   

According to the 
Grootegeluk mine, there 
are no activities which 
require an AEL.   
The CHAR plant has an 
existing APPA license that 
is in the process of being 
renewed by LEDET. It is 
suggested that the process 
undertaken on site are 
double checked against the 
latest list of listed activities 
to confirm this statement 

Is there and AQMP for the site 
 

X 
  

AQ planning and 
management issues are 
handled in isolation. An 
AQMP needs to be 
compiled for the mining 
operations as a whole to 
facilitate a coordinated 
approach to the site AQ 
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management efforts 

Is there an emissions inventory 
for the site  

X 
  

The emissions inventory 
done in 2006 is the most 
complete  inventory 
available to date however 
this inventory excludes 
some of the current mining 
operations.  
 
It is assumed that the 
inventory is fragmented 
across individual projects 
and air quality assessments 
as the inventory was not 
available for review. The 
respective inventory 
information should be 
compiled and collated into 
one single inventory 
document.  Requires 
consolidation.  

Have the emissions been 
quantified via dispersion 
modelling  

X 
  

The 2006 dispersion model 
looks at the current mining 
operation including CHAR 
and GG7 & 8.  The Model 
is scheduled for an update 
in 2012. The update will 
also include the new 
expansions that do not form 
part of this consolidation. 

Is emissions monitoring 
undertaken  

X 
  

Only at the CHAR plant. 
Other monitoring 
undertaken is for ambient 
monitoring  

Is the record of baseline 
monitoring >1 year long (i.e. in 
alignment with international best 
practice ) 

  
X 

 

Some data is long term 
monitoring data of longer 
than 12 months however 
other data represents 
snapshot campaigns which 
does not meet the 
international best practice. 
The AQMS monitoring 
frequencies will thus need 
upgrading to meet the 
international standards  

Are steps taken to control 
offensive odours   

X 
 

Where possible this is done 
however odours for sulphur 
released during 
spontaneous combustion 
can’t be controlled. 

Are mitigation measures 
implemented   

X 
 

Some are implemented 
however detail is required 
for each operational area 
and should be listed in the 



 
AQ EMP INPUT 

 

October 2012 
Report No. 10613055-11590-3 67 

 

sites AQMP  

Is section 24(b) of the Constitution 
of the republic of South Africa 
being Met in regards to the AQ 
issues 

 
X 

  

Yes but potentially not fully 
as there may be gaps in the 
current AQMS and 
understanding of the 
emissions on site 

 

6.0 RECOMMENDED MONITORING PROGRAMME 
6.1 Meteorological monitoring 
A full professional level meteorological station with an accuracy of 1-2% should be installed on site as the 
use of site specific meteorological data is crucial in the analysis and interpretation of air quality monitoring 
data.  

6.2 Ambient air quality monitoring 
The current monitoring network, as depicted in Figure 2 and Figure 3, is deemed to be generally suitable for 
the various emission sources on site, except that PM2.5 should be monitored on site. Even though suitable, 
there are opportunities to optimize the monitoring network as depicted in Figure 31 and Figure 32. It is 
recommended that a comprehensive air quality model be developed for the entire operation and thts this 
model be used to inform the network siting. Based on the current available information, the siting rationale 
for each site is summarized in Table 3.  

6.3 Emissions monitoring 
The following recommendations are made based on the outcomes of the Survey 1 monitoring:  

¡ Exxaro should start the the Atmospheric Emissions Licencing (AEL) process to convert the current 
APPA licence to the new required AEL;  

¡ Future emissions monitoring should include the pollutant parameters of H2S and Phenol; 

¡ Emissions monitoring should be undertaken on a contunous basis as the Char Plant is a key source of 
hazardous air pollutants. Additionally the continous monitoring will allow for compliance monitoring 
against the plants APPA registration cetificate; 

¡ The stack ports must be cleaned prior to the monitoring period as the accumulation of material within 
the port, not only restricts access into the port, but can damage the emissions monitoring equipment;  

¡ Based on the monitoring data observed, it appears that even if boiler adjustments are made, the 
emission concentrations may never fall within the emission limit values. In order to address this issue:   

§ An analysis of the chemical composition of the fuel gas should be conducted to determine what 
chemicals are present and their concentrations;  

§ A chemical composition analysis of the fuel needs to be undertaken in order to understand the type 
of emissions and concentrations of the emissions may be expected when the fuel is combusted; 
and  

§ Once the above is understood, Exxaro can look at methods to reduce the emission levels and 
concentrations from the plant.  

¡ Volumetric flow of gas for both the boilers and destructors needs to be available prior to all monitoring 
campaigns as this information is critical to the assessment of the plants efficiency; and 
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¡ The type and volumes of fuel used in the boilers must be within boiler design specifications. Using 
incorrect boiler fuels and operating the boilers out of their design specifications, can lead to significant 
emission concentrations resulting in a significant environmental impact.   

 
Figure 31: Optimized particulate monitoring network (Dust, PM10 & PM2.5) (Base image source: Google Earth). 

N 
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Figure 32: Optimized passive badge monitoring network (BTEX, NO2, SO2 and H2S) (Base image source: Google 
Earth). 

N 
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Table 3: Siting rationale table for network optimization 

Dust PM10 PM2.5 BTEX NO2/SO2 H2S Met
Traffic 
related 

emissions

Spontaneous 
combustion 

sources

General 
fugitive 

emissions

Sensitive 
areas

Dust fallout 
from 

operational 
areas

Conveyor 
emissions

Power 
station 

emissions
Residential Industrial

Stof 1 X X X X
Stof 3 X X X
Stof 4 X X X X
Stof 8 X X X
Stof 9 X X X

Stof 10 X X X
GMC 1 X X X X
GMC 2 X X X X X
DPN X X X
NGG X X X

Stof D X X X
Stof E X X X

N 1 X X X X
N 2 X X X X
N 3 X X X X
N 4 X X X X
N 5 X X X X
N 6 X X X
P1 X X X X X
P2 X X X X X X X
P3 X X X X X X X
P4 X X X X X
P5 X X X X X
P6 X X X X X X X

New site 7 / 
GH-P09

X X X X X X

Site 3 X X X X X X
Site 2 / 

GH_P03
X X X X X X

Site 5 / 
GH_P10

X X X X X X

PM10 plant X X
PM2.5 plant X X

PM10 pit X X X
PM2.5 pit X X

Site code

Parameters to be monitored ClassificationReason for siting
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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 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 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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APPENDIX H: NOISE IMPACT STUDIES 
1. Noise Impact Assessment of the Grootegeluk Coal Mine (Jongens & Keet, July 2012) 
2. Bi-annual Baseline Environmental Noise Survey Grootegeluk Mine, Ellisras 

(dBAcoustics, May 2022) 
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1 INTRODUCTION 

1.1 Background 

The Grootegeluk Coal Mine, which is located approximately 20 km to the west of Lephalale 

(formerly Ellisras) in the Limpopo Province, is going through the process of updating and 

consolidating its current EMPR and all Amendments into a single consolidated Environmental 

Impact Assessment (EIA) and Environmental Management Plan (EMP) according to the Mineral 

and Petroleum Resources Development Act (Act 28 of 2002) (MPRDA).  

 

Noise impact is an issue, and thus Jongens Keet Associates have been appointed to 

undertake the assessment of the potential noise impact of the mine. The work was 

undertaken by Mr Derek Cosijn and Dr Erica Cosijn. This report documents the details and 

the findings of the noise impact investigation. Note that this investigation covers only the 

issues related to air-borne noise. Vibration impact, blast impact and blast-induced vibration 

impact are to be dealt with in other studies. 

 

1.2 Terms of Reference 

The terms of reference (TOR) are as follows: 

i) A sufficiently detailed quantitative (by measurement) and qualitative assessment was to 

be undertaken within the area of influence of the Grootegeluk Mine in order to enable a 

full appreciation of the nature, magnitude, extent and implications of the potential noise 

impact. This includes the areas in the Coal Mine study area affected by traffic generated 

by the mine. 

ii) The level of investigation was to be that of an EIA. 

iii) All aspects of the investigation were to conform to the requirements of relevant 

environmental legislation and noise standards. 

iv) The potential impacts of the pre-construction, construction, operational and rehabilitation 

phases of the project were to be assessed.  The assessment was to indicate the potential 

cumulative impacts (noise impacts in context of the surroundings). 

v) Where relevant, appropriate noise mitigation measures were to be identified. 

 

1.3 Study Area 

A   study area within fifteen kilometres radius around the Grootegeluk Mine has been 

considered for the noise impact assessment.  
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1.4 The Grootegeluk Mine  

The Grootegeluk Coal Mine is located approximately 20 km to the west of Lephalale (formerly 

Ellisras). Refer to Figure 1. Access to the mine is from an east-west aligned provincial tarred 

road, the D2001, between Lephalale and Stockpoort on the Botswana/South African border. 

The Grootegeluk Mine is the country’s largest single coal processing complex and currently 

produces 17,5 Mtpa (Million tonnes per annum). Most of the production is thermal coal which is 

sent to Eskom’s existing Matimba power station by means of a 7km conveyor belt.  It is also 

intended that the mine will supply the Medupi Power Station which is being constructed just to 

the south of the mine.  

 

Grootegeluk Coal Mine can primarily be divided into three easily identifiable sections (refer to 

Figure 2): 

i) The plant and slimes dams; 

ii) The pit and mining operations; and 

iii) The administration areas. 

 

1.4.1 Plant and Slimes Dams 

Grootegeluk has six existing beneficiation plants (GG1 – GG6) and a seventh and eighth (GG7 and 

GG8) that are in the process of being constructed to service Medupi Power Station. Fifty thousand 

tonnes of slimes are pumped to the slimes dams on a monthly basis and the water recovered from 

the slimes is pumped back to the plants to be reused as process water. 

 

1.4.2 Pit and Mining Operations 

Grootegeluk is an open cast mine which makes use of the conventional truck and shovel method 

combined with  drilling and blasting activities. Extraction of the coal differs with the different 

formations encountered. The overburden bench is approximately 16 cm thick and consists of 

weathered and blue shale. The topsoil and weathered material is stripped with the aid of a hydraulic 

shovel. The rest of the overburden is drilled with a 172 mm rotation drill and then blasted. The 

material is loaded with a shovel and the blue shale with a rope shovel into haul trucks and 

transported to the waste dumps. With regard to the coal ore body, diesel driven rotation drills are 

used to drill the blast holes before they are primed and blasted. The primary loading equipment 

consists of both rope and hydraulic shovels. The fleet of ore haul tucks consists of 181 tonne, 200 

tonne and 250 tonne rear dump trucks. The trucks which is diesel eclectically driven are equipped 

with a pantograph system, making it possible to use electrical power when driving up the pit ramp 

out of the pit. 

 

There are also various workshops across the plant and mining area where various equipment is 

maintained and serviced on a scheduled basis. 
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1.4.3 Administration Areas 

There are several buildings housing the administration staff. 

 

1.4.4 Components of the Mining Operation 

The main components are: 

• Open pit; 

• Pit service station; 

• Locomotive service station; 

• Transformers; 

• Scrap yard; 

• Slimes dams; 

• Discard dumps; 

• Plant area - includes coal washing facilities and product stockpiles; 

• Velt stockpiles; 

• Various coal product stockpiles; 

• Roads (Paved and unpaved); 

• Pipelines; 

• Railway lines; 

• Power lines; 

• Conveyor linear infrastructure; 

• Oxidation ponds; 

• New sewerage plant; 

• Workshops; 

• Sasol plant; 

• Total plant and fuel storage; 

• Explosives store; 

• Office building; 

• Warehouse; 

• Gates, guard houses and car parks; 

• Storm water ponds; 

• Raw water ponds; 

• Char plant; 

• Laboratory; 

• Waste storage site (planned); 

• Medupi expansion infrastructure; 

• New plant G7 and G8 – GG6 upgrade, DMS plant. 
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The assessment has been conducted considering the relevant infrastructure in the list above. 

 

2 DETAILS OF THE STUDY AREA 

Only the aspects, which have an influence on the potential noise impact of the Coal Mine, are 

dealt with in this section. 

 

2.1 Topography 

The Waterberg area is mainly flat, with some rolling plains. It is bordered to the south-east by 

the Waterberg Mountain Range, the most prominent topographical feature in the district, and 

the Limpopo River to the north-west. There is a gentle fall of the land from east to west across 

the development sites area towards the Limpopo River. 

 

2.2 Vegetation 

The broad definition of the vegetation type in the study area is “sweet/mixed Bushveld”. This is 

characterised by thick bush and trees. Two vegetation types are found within the vicinity of the 

candidate sites, namely Limpopo Sweet Bushveld and Western Sandy Bushveld. Limpopo 

Sweet Bushveld is widespread, extending from the lower reaches of the Crocodile and Marico 

Rivers down the Limpopo River Valley including Lephalale and north to the Usutu border post 

as well as into Botswana. Western Sandy Bushveld occurs on the flats and undulating plains 

and extends from Assen northwards past Thabazimbi and west of the Waterberg Mountains 

towards Steenbokpan in the north.  

 

2.3 Roads 

The main roads influencing the Grootegeluk Coal Mine study area are (refer to Figure D1 in 

Appendix D): 

i) Road D1675 is a surfaced road aligned in an east-west direction and linking Lephalale to 

Steenbokpan. It links from Road P84/1 (Route R510) in Lephalale to Road P16/2. The 

section of the road east of the intersection with Road D2001, namely the section through 

Onverwacht and Lephalale, is named Nelson Mandela Drive. 

ii) Road D2001 is the main access to Matimba Power station from Road D1675 (Nelson 

Mandela Drive). It is surfaced road on the section from its intersection with Road D1675 

to Matimba Power Station and Grootegeluk Coal Mine. North of the Coal Mine it is a 

gravel road up to its intersection with Road P84/1 near the Stockpoort border post. 

iii) Road D175 is a gravel road aligned in a north-south direction linking from the Stockpoort 

border post on the Limpopo River to Road P84/1 (Route 510). This road is aligned 

through Steenbokpan. 
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iv) Road D2286 is a gravel road linking from Road P16/2 in the west through to Road D175 

north of Steenbokpan and that is aligned close to and follows the course of the Limpopo 

River. 

v) Road D1925 is a gravel road that is aligned in a north-south direction through the 

eastern portion of the study area. It links to Road D2649 just south of Medupi Power 

Station. 

vi) Road D2649 is a gravel road that links from D1675 just east of Medupi Power Station to 

Road P84/1 (Route R510) approximately 20km south of Lephalale. 

vii) Road D2701 is a gravel road aligned in an east-west direction that links from Road 

P16/2 to Road D1925. 

 

2.4 Railway Lines 

The only railway line in the area is aligned through the south-eastern sector of the study area, 

linking from the Grootegeluk Coal Mine southwards to Thabazimbi.  Its main use is the export of 

coal from the Coal Mine.  There are at present usually two trains per day.   

 

2.5 Land Use 

The existing land uses in the area are: 

i) Residential: 

a) Town of Lephalale (Ellisras).  The nearest section of the town to the study area 

namely Onverwacht Township lies approximately 5 kilometres to the south-east of 

the Coal Mine.   

b) Marapong Township lies 650 metres to the north-east of Matimba Power Station. 

c) There are numerous farmhouses and farm labourer houses spread throughout the 

study area. 

ii) Educational:   

a) There are several farm schools spread out through the study area. 

b) There are schools in Lephalale but these are too far away from the Grootegeluk Coal 

Mine to be affected by the noise generated by this facility. 

iii) Industrial: 

a) Matimba Power Station. 

b) Medupi Power station (under construction). 

c) There is a small industrial area just to the north of Onverwacht Township. 

iv) Mining.  The Grootegeluk Coal Mine, which provides Matimba Power Station and will 

provide Medupi Power Station with coal, is located just to the west of Matimba. 

v) Agriculture.  The main land use in the study area and its environs is cattle and game 

farming. 
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vi) Tourism: There are several game lodges in the study area. 

 

2.6 Noise Sensitive Receptors (NSRs) 

It is the existing residential areas, farm houses, farm labourer dwellings, schools, game farms 

and game lodges in the study area that may defined as noise sensitive receptors. Refer to 

Figure 3. 

 

For this study, the position of houses/dwellings on the farms was taken off 1:50 000 

topographical cadastral maps and verified as far as possible using Google Earth.  Even though 

the latest editions were used, the relevant maps are up to 32 years out of date and there may 

be new dwellings and/or some of the existing shown buildings may be derelict.  During the field 

survey for the noise measurement survey, such aspects were noted where possible.  The 

following 1:50 000 topographical cadastral maps were used: 

• SOUTH AFRICA 1:50 000 Sheet 2327CB, STEENBOKPAN Second Edition 1980. 

• SOUTH AFRICA 1:50 000 Sheet 2327DA, ELLISRAS Second Edition 1981 (partially 

revised from aerial photography in 1990). 

• SOUTH AFRICA 1:50 000 Sheet 2327CD, ROOIPAN Second Edition 1980. 

• SOUTH AFRICA 1:50 000 Sheet 2327DC, AFGUNS Second Edition 1980. 
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2.7 Aspects of Acoustical Significance 

2.7.1 Terrain 

The terrain across the study area is flat falling gently from east to west.  Other than the 

range of hills in the south of the study area, there are no natural features that will assist in 

the attenuation of noise. 

 

2.7.2 Meteorological Aspects 

One of the main meteorological aspects that will affect the transmission (propagation) of the 

noise is the wind.  The wind can result in periodic enhancement downwind or reduction upwind 

of noise levels.  The wind-rose for the Matimba-Marapong monitoring station has been used 

for assessing the wind conditions in the area. Analysis of the wind records for the area 

indicates that overall (day and night average) the main prevailing winds blow from the northeast 

(47%).  Approximately 12.5% still periods are experienced annually. 

 

Atmospheric temperature inversions also have a significant effect on the noise propagation 

character of the area. Temperature inversions tend to increase noise levels at some 

distance from a source. A temperature inversion is formed when air near the ground is 

cooler than the air above. This occurs mainly at night or to a lesser extent during cloudy 

days away from large bodies of water. Stable conditions with high humidity and very low 

velocity wind conditions are necessary. As cool air is denser than warm air, sound rays are 

refracted towards the cooler air, that is, towards the ground.  

 

3 METHODOLOGY 

3.1 General 

The general procedure used to determine the noise impact was guided by the requirements of 

the Code of Practice SANS 10328:2008: Methods for Environmental Noise Impact 

Assessments.  The level of investigation was the equivalent of an EIA.  A comprehensive 

assessment of all noise impact descriptors (standards) has been undertaken.  The noise impact 

criteria used specifically take into account those as specified in the South African National 

Standard SANS 10103:2008, The Measurement and Rating of Environmental Noise with 

Respect to Annoyance and Speech Communication as well as those in the National Noise 

Control Regulations.  The investigation comprised the following: 

i) Determination of the existing situation, including the mine. 

ii) Determination of the situation during any future construction. 

iii) Assessment of the influence of the mine on the noise climate and its impact. 

iv) Identification of mitigation measures as input into the EMP. 
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The core study area, namely the Coal Mine area itself, has been subdivided into a number 

of smaller study areas (discrete noise zones). The smaller areas are those focusing around: 

i) The Opencast Pit.  

ii) The Coal Processing Plant: This consists of a primary crusher, as well as the main 

coal processing plant/coal washing plant situated to the east of the pit. 

iii) The various stockpiles. 

iv) Dumps. 

v) Slimes Dams. 

 

Due to the complexity of the mining schedule and the numerous permutations between the 

various mining operations over the life of the mine, each of the types of operation at the mine 

has initially been analysed separately. Therefore, cumulative effects between these operations 

have not been indicated in Figures 5-12 later in the report. Cumulative effects can only be 

shown for a specific scenario at one point in time.  

 

The Grootegeluk Coal Mine will soon start to supply coal, to the Medupi Power Station and 

there will be changes in the mining of the pit and additional processing /coal washing will be 

required. Two scenarios have been analysed, namely: 

• The pre-2013 situation which excludes the mining and processing operations for 

Medupi Power Station. 

• The post-2012 situation which includes the mining and processing operations for 

Medupi Power Station. 

 

3.2 Determination of the Existing Conditions 

This phase comprised the following: 

i) The relevant technical details of the mine, the existing traffic patterns and the existing 

and planned land use in the study area were reviewed in order to establish a 

comprehensive understanding of all aspects of the project that will influence the future 

noise climate in the study area. 

ii) Using these data, the limits of the study area were determined and the potential noise 

sensitive areas, other major noise sources and potential problems in these areas were 

identified. 

iii) Applicable noise standards were identified.  The National Noise Control Regulations and 

the SANS 10103:2008 standards were applied.  

iv) The existing noise climate of the study area was determined by means of a field 

inspection and a noise measurement survey.  The measurement survey appropriately 

covered the whole extent of the study area, focussing specifically on the identified noise 
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sensitive/problem areas.  Measurements were taken at 11 monitoring sites. The 

daytime and night-time conditions were measured. The sound pressure level (SPL) 

(noise) measurements were taken in accordance with the requirements of the Code of 

Practice SANS 10103.   Type 1 Integrating Sound Level meters were used for the noise 

measurements.  All measurements were taken under dry weather and normal traffic (that 

is mid-week/school term) conditions. Refer to Appendix B for details of the measurement 

survey. 

v) On the general field inspection and at the same time as each individual measurement 

was being taken, the qualitative nature of the noise climate in the area of the 

measurement site was assessed and recorded.  This comprised an appraisal of the 

general prevailing acoustic conditions based on the subjective response to the sounds 

as perceived by the listener (i.e. auditory observation by the surveyor), as well as 

identifying those noise incidents, which influenced the noise meter readings during that 

measurement period.  This procedure is essential in order to ensure that that there is a 

human correlation between the noise as perceived by the human ear and that, which is 

measured by the meter, as well as to establish any anomalies in the general ambient 

noise conditions. 

vi) The existing noise climates along the main roads as related to the current traffic volumes 

and patterns were established.  These traffic noise levels were calculated using the 

South African National Standard SANS 10210 Calculating and Predicting Road Traffic 

Noise for Route.  The latest traffic was used as the baseline reference.  The calculated 

24-hour period noise indicators, as well as those for the daytime period and night-time 

period provided the main data for the impact assessment.  The measured data provided 

a field check of the acoustic conditions. See Section B6 in Appendix B for details of the 

road traffic noise impact. 

vii) A general analysis of the rail traffic impact on the Grootegeluk-Thabazimbi railway line 

was undertaken. Refer to Section B7 in Appendix B for the likely rail traffic noise impact 

on the study area. 

viii) The Noise Impact Assessment Report for Medupi Power Station was reviewed. 

 

3.3 Assessment of Operational Phase Impacts 

The modelling of the noise propagation from a multi-noise source site such as the Grootegeluk 

Coal Mine is extremely complex and requires the careful consideration and input of many 

diverse parameters. A measurement survey was undertaken of the main noise sources at the 

Coal Mine and these data were used to establish the sound power levels of various plant and 

equipment. This was supplemented by known sound power levels of various plant and 
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equipment operational at the Coal Mine. These were obtained from similar type facilities JKA 

has worked on, international standards and available databases of source noise levels.  

 

For the mining of the open cast pits (drill and blast method), the noise from the drill rigs, 

excavators, FELs, dozers, ore trucks, diesel bowsers, water carts and dewatering pumps 

was input into the calculation model. For the process plant the sound power levels of/at 

various silos, crushers, screens, conveyors, compressors and pumps were used. For 

operations at various stockpile sites, data from FELs, dozers and trucks was used. Variation 

of activities and/or variation of intensity of activities over a period of time have been taken into 

account.  Plant and equipment will not always be operating 100% of the time over a 24-hour 

period and adjustments need to be made. 

 

The combined level of the noise from all these elements was then calculated at various 

distances from the source noises by means of a propagation model in order to establish the 

noise contours (known as the noise profile or noise footprint). The model used was based on 

SANS 10357:2004, The Calculation of Sound Propagation by the Concawe Method.  Note that 

the noise descriptor being calculated is the equivalent continuous A-weighted sound pressure 

level (ambient noise level) determined for the average condition.  The coal haul train noise 

profile was calculated using the procedure prescribed in UK Department of Transport, 1995, 

Calculation of Railway Noise. The following was taken into account: 

i) Some of the plant and equipment operates outdoors and some is housed indoors or 

encapsulated.  Attenuation losses of 10dBA to 25dBA can be expected from the indoor 

to the outdoor noise levels dependent on the building.  It has been assumed however 

that all plant and equipment is outdoors. 

ii) Shielding correction by buildings which could surround the various plant and equipment 

at the proposed mine has not been applied. 

iii) The determination of the correction for atmospheric absorption which is representative of 

an average condition is complex as the interaction of the variables of atmospheric 

pressure, temperature, and humidity especially when related to the changes over a 24-

hour cycle and a yearly cycle need to be considered.  The correction also has to be 

related to various frequencies of the sound spectrum.   

iv) Correction for the effect of ground surface, that is, the attenuating effect of vegetation.   

v) The determination of the correction for meteorological effects which is representative of 

an average condition is complex as the interaction of the variables of wind speed, 

incident solar radiation, time of day and cloud cover especially when related to the 

changes over a 24-hour cycle and a yearly cycle need to be considered.  Conditions for 

both high wind conditions and temperature inversion conditions were checked. 
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vi) The effect of the topography of the study area was reviewed. 

vii) With regard to the open pit analysis, the ambient noise climate (noise profile) that will be 

generated by virtually continuous mining operations at the open pit have been predicted.  

These are for the unmitigated conditions.  The mining operation will not extend at one 

time over the whole area of the planned pit, but the area will be mined incrementally.  

This will mean that there will not be a static noise footprint from the mining operations, 

as say with a fixed feature such as a crusher.  As well as moving in plan, the noise levels 

from the respective sections being mined will also vary (decrease) as the depth of the pit 

increases due to the shielding from the sidewalls of the excavation and the building of a 

berm with waste rock.  The position of the access roads down into the pit (haul truck 

routes) will also alter with time. The given noise footprint thus calculated for the pit 

mining operations is rather the total “noise envelope” covering all situations over the life 

of the mine.  It indicates the worst situation that could occur at any specific receiver point 

from the open pit mining operations over the lifetime of the mine.   

viii) A similar situation occurs at the various dumps, and a worst case scenario envelope has 

been calculated for these in the same manner as for the pit. 

 

4 FINDINGS AND ASSESSMENT OF IMPACT 

The following conditions were observed in the study area and the following aspects were 

determined from the surveys, calculations of noise indicators and the predictive modelling 

undertaken for the assessment of the noise impact of the planned Coal Mine project. 

 

4.1 General Details 

General aspects of note were as follow: 

i) The main sources of noise in the area are from traffic on the main roads, Matimba Power 

Station, power station infrastructure remote from the facility, Medupi Power Station (still 

under construction) and Grootegeluk Coal Mine. These noise sources are significant 

contributors to a degraded noise climate. 

ii) The main noise sensitive receptors in the area are as follows (refer also to Figure 3 and 

Section 2.6): 

a) Residential: 

• Town of Lephalale (Ellisras).  The nearest section of the town to the study area 

namely Onverwacht Township lies approximately 5 kilometres to the south-east 

of the Coal Mine.   

• Marapong Township lies 650 metres to the north-east of Matimba Power Station. 

• There are numerous farmhouses and farm labourer houses spread throughout 

the study area. 
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b) Educational:   

• There are several farm schools spread out through the study area. 

• There are schools in Lephalale but these are too far away from the Grootegeluk 

Coal Mine to be affected by the noise generated by this facility. 

c) Tourism: There are several game lodges in the study area. 

 

4.2 The Residual (Existing Ambient) Noise Climate 

Measurements and auditory observations were taken in May 2012 and January 2009 at 11 main 

sites in order to establish the ambient noise conditions of the study area.  For a detailed 

description of the main measurement sites and for more technical details of the measurement 

survey refer to Appendix B.  Refer also to Figure B1. 

 

Conditions for the daytime and evening periods were ascertained.  The summary of all the noise 

measurements taken at the main sites is given in Table B1 in Appendix B. The 

definitions/details of the noise descriptors for the measurements are given in Appendix A and 

Appendix B. 

 
In order to complement the short-term noise measurements in the study area, the existing 24-

hour residual noise levels related to the average daily traffic (ADT) flows on the main roads 

were also calculated.  The noise levels at various offsets from the centreline of these roads are 

summarised in Table B2 in Appendix B. 

 

In overview, the existing situation with respect to the noise climates in the study area was found 

to be as follows: 

i) The areas relatively far from the main roads, Matimba Power Station and the Medupi 

Power Station construction activities are generally very quiet.  Most of the area has a 

typical rural noise climate. 

ii) The main sources of noise in the area are from traffic on the main roads, Matimba Power 

Station, power station infrastructure remote from the facility, Medupi Power Station (still 

under construction) and Grootegeluk Coal Mine. These noise sources are significant 

contributors to a degraded noise climate. 

iii) With regard to traffic noise from Nelson Mandela Drive, existing residences in the 

residential areas of Lephalale (Ellisras) and Onverwacht up to approximately a 500 

metre offset from the road impacted (night-time conditions).  In these areas the noise 

levels exceed acceptable suburban residential living conditions as specified in SANS 

10103.  Ideally the ambient noise level should not exceed 50dBA during the daytime 
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period (06h00 to 22h00) and 40dBA during the night-time period (22h00 to 06h00).  

Refer to the SANS 10103 standards as given in Appendix A. 

iv) Ambient noise levels due to traffic in the areas along Steenbokpan Road (D1675) and 

Road D2001 (north of the Coal Mine) are not high and impact is not significant. 

v) Noise levels from Matimba Power Station adversely affect the daytime noise climate at 

any residences in the surrounding area for up to a distance of 3000 metres around the 

facility base on the rural standards that need to be applied for this area.  At night the 

radius of impact increases to approximately 6500 metres. Refer to Figure B2 in 

Appendix B. 

vi) At present, Medupi Power Station is under construction. The predicted noise footprint 

when the power station is commissioned is estimated to adversely affect the daytime 

noise climate at any residences in the surrounding area for up to a distance of 4700 

metres around the facility base on the rural standards that need to be applied for this 

area.  At night the radius of impact increases to approximately 9500 metres. Refer to 

Figure B2 in Appendix B. There will be cumulative effects between the noise from the 

Matimba and Medupi Power Stations that will enlarge the individual noise footprints of 

these two sources of noise. 

vii) There are also noise sources from Matimba Power Station equipment at locations 

remote from the power station as well as other isolated (or infrequent) noise sources 

such as: 

• Coal conveyor belt from the Coal Mine to the power station and the conveyor belt 

transporting the ash residue from Matimba power station to the ash dump. 

• Operations at the ash dump that include the dumping and spreading of the ash, and 

the rehabilitation of the dump. 

• The sewage works serving the power station, which is located 3 kilometres to the 

north of the power station. 

viii) An intermittent source of noise is the coal haul trains on the railway line from the Coal 

Mine to Thabazimbi.  There are at present two trains per day. Refer to Section B7 in 

Appendix B. 

 

The noise footprint of the Grootegeluk Coal Mine is calculated later in this report. 

 

4.3 Noise Standards/Impact Criteria 

From these findings and observations on site it was considered appropriate to apply the 

following noise standards and impact criteria to the study area: 

i) Rural residential: the noise impact on the farmhouse sites and residences and 

guesthouses on farms in the area has been determined on the basis of rural residential 
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district standards (SANS 10103), namely the daytime period ambient noise level should 

not exceed 45dBA and that for the night-time period should not exceed 35dBA.  

Measured levels indicate that parts of the (rural) study area are already severely 

degraded close to the main sources of noise. 

ii) Suburban residential: the noise impact on Marapong and Onverwacht has been 

determined on the basis of suburban residential district standards (SANS 10103), 

namely the daytime period ambient noise level should not exceed 50dBA and that for 

the night-time period should not exceed 40dBA.   

iii) Industrial districts where the daytime period ambient noise level should not exceed 

70dBA at the property boundary and that for the night-time period should not exceed 

60dBA (SANS 10103).  (LR,dn = 70dBA). Notwithstanding this provision, the situation is 

also to take into account the maximum allowable equivalent continuous day and night 

rating levels of the land use type of potentially impacted sites outside the Grootegeluk 

Coal Mine property.   

 

The above indicates the ideal situation, where noise sensitive receptors are not already 

degraded by the existing (residual) noise climate.  However, it is likely that the residual noise 

level at some of the noise sensitive receptors already exceeds the recommended maximum 

(e.g. next to major roads and the railway line). In order to assess the actual noise impact at any 

particular site, therefore, the residual noise climate has to be taken into account when 

determining impact. Where the noise level for a particular site is presently lower than the 

maximum ambient allowed (as indicated in SANS 10103) the recommended maximum shall not 

be exceeded by the introduction of the intruding noise.  Where the noise level for the site is 

presently at or exceeds the maximum level allowed, the existing level shall not be increased by 

more than that indicated as acceptable in SANS 10103 (refer to Table A3 in Appendix A). 

 

4.4 Assessment of the Construction Phase 

Any future construction at the site needs to be assessed for impact once details are known. 

 

4.5 Assessment of the Operational Phase 

4.5.1. Sources of Noise 

The main sources of background noise in the area are as indicated in Section 4.1(i). In general, 

it is not anticipated that the noise levels from these existing sources will increase significantly in 

the future, with the exception of road traffic noise.  
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The noise generated by the Medupi Power Station (once commissioned), new mining 

operations, surface workings and mine generated traffic will be added to the noise climate 

prevailing in the area. 

 

4.5.2. Noise Sensitive Areas 

The main noise sensitive receptors in the area are as indicated in Section 4.1(ii). 

 

4.5.3. Noise Zones of the Coal Mine 

The analysis of the noise impact of the operational phase of the project has focused individually 

on the following areas (noise zones), namely: 

i) The Opencast Pit.  

ii) The Coal Processing Plant: This consists of a primary crusher, as well as the main 

coal processing plant/coal washing plant situated to the east of the pit. 

iii) The various stockpiles. 

iv) Dumps. 

v) Slimes Dams. 

 

4.5.4. Calculation of Noise Footprint for the Various Elements of the Mining Operation 

Conditions where thermal inversions occur have been modelled, as this has been found to 

represent the worst condition. Two scenarios have been analysed, namely: 

• The pre-2013 situation which excludes the mining and processing operations for 

Medupi Power Station. 

• The post-2012 situation which includes the mining and processing operations for 

Medupi Power Station. 

Table 1 shows the various offsets of the 35dBA, 40dBA, 45dBA and 50dBA contours under 

atmospheric thermal inversion conditions for the two scenarios. 

 

TABLE 1: NOISE FOOTPRINT OF THE VARIOUS MINING ELEMENTS UNDER THERMAL 
INVERSION CONDITIONS 

Mining Elements  (Noise 
Zones) under Inversion 

Conditions 

Offset (m) 

Pre-2013 Post- 2012 

35dBA 40dBA 45dBA 50dBA 35dBA 40dBA 45dBA 50dBA 

Open Cast Pit 6100 4300 2900 1900 7200 5150 3600 2400 

Process Plant 5950 4200 2900 1950 6550 4700 3300 2200 

Stockpiles 1500 1000 650 400 1700 1100 750 480 

Dumps 3100 2050 1300 800 No change 

Slimes Dam Pumps 800 500 300 180 No change 
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The overall combined noise area of influence (Pre-2013 scenario) of all of the individual noise 

zones are shown on Figure B3 in Appendix B. The overall combined noise area of influence 

(Post-2012 scenario) of all of the individual noise zones are shown on Figure 4. The 35dBA 

ambient noise contour demarcates the outer limit of influence according to SANS 10103. 

Figure 4 indicates the outer limits with temperature inversion conditions.  

 

It should be noted that the 70dBA noise contour daytime condition and the 60dBA night-time 

condition lie within the boundaries of Exxaro’s surface rights area. Refer to Figure 4 and 

Figure B3 in Appendix B. 

 

There will, at times, be noises from the Coal Mine that will be heard well beyond the indicated 

positions of the respective 35dBA contours, specifically from single short-term events (such as 

blasting).  

 

Due to the complexity of the mining schedule and the numerous permutations between the 

various mining operations over the life of the mine, each of the types of operation at the mine 

has initially been analysed separately. Therefore, cumulative effects between these operations 

have not been indicated in these figures; cumulative effects can only be shown for a specific 

scenario at a specific moment in time. 

• Figure 5 indicates the envelope footprint over the life of the mine for the in-pit mining 

operations Opencast Pit (Pre-2013). 

• Figure 6 indicates the envelope footprint over the life of the mine for the in-pit mining 

operations Opencast Pit (Post-2012). 

• Figure 7 indicates the footprint for the Process Plant (Pre-2013). 

• Figure 8 indicates the footprint for the Process Plant (Post-2012). 

• Figure 9 indicates the envelope footprint over the life of the mine for the stockpiles to the 

north-east of the Processing Plant (Pre-2013). 

• Figure 10 indicates the envelope footprint over the life of the mine for the stockpiles to the 

north-east of the Processing Plant (Post-2012). 

• Figure 11 indicates the envelope footprint over the life of the mine for the construction of 

various dumps. 

• Figure 12 indicates the footprint of the return water pumps at the slimes dams. 
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All the calculated noise profiles as shown in Tables 2 to 6 and Figures 5 to 12 reflect a worst 

condition scenario (conservative) approach (refer to Table 1). The noise levels given are for 

unmitigated conditions.  In reality there will in many instances be greater attenuation with 

distance than shown where there are houses, other buildings, vegetation and terrain restraints 

in the intervening ground between the source and the receiver point. 

 

4.5.5. Noise Climates and Noise Impacts of the Opencast Pit Operations 

4.5.5.1. Noise Climate  

The method of mining of the coal seam is drill and blast and excavation by mechanical shovel. 

The coal is to be taken directly by truck to the intermediate crusher located at the processing 

plant. Here the coal is crushed, sorted and washed before being exported.   

 

Certain of the sounds generated from the open pit operations will be continuous (over 24-hours) 

while others will be intermittent.  The loudest of the continuous noise sources will be from: 

i) Pneumatic drills (for blast holes). 

ii) Excavators, face shovels, loaders and bull-dozers. 

iii) Dewatering pumps. 

iv) Coal haul trucks. 

 

The intermittent noises will be from: 

i) Blasting. 

ii) Ancillary transport in pit (blasting truck, service truck, water truck, supervisory 

vehicles). 

 

The ambient noise climate (noise profile) that will be generated by virtually continuous mining 

operations in the pit is calculated to be as indicated in Table 2.  The offset distances shown in 

the table are from the edge of the pit. These are the unmitigated conditions.   

 

It should also be noted that the mining operation will not extend at one time over the whole area 

of the pit, but the area will be mined incrementally.  This will mean that there will not be a static 

noise footprint from the mining operations.  As well as moving in plan, the noise levels from the 

respective sections being mined will also vary (noise will decrease) as the depth of the pit 

increases due to the shielding from the sidewalls of the excavation and if berms are built.   

 

The two noise footprints shown for the open cast pit are for mining operations defined as pre-

2013 and post-2012. Both show the total noise envelope covering the noise generated by the 
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pit for the specified LOM. It indicates the worst situation that could occur at any specific 

receiver point (but only for a specific period of the mining operation).    

 

As the mining operation is virtually continuous over 24 hours, the activities will remain similar 

over this period, and therefore contours of the noise generated for the daytime and night-time 

periods (as defined by SANS 10103) will be the same. 

 
TABLE 2: CALCULATED AMBIENT NOISE CONDITIONS FROM OPERATIONS AT THE 
GROOTEGELUK COAL MINE: OPENCAST PIT AREA (UNMITIGATED) 

S
c
e
n

a
ri

o
 

Time Period 

Sound pressure level at given offset 

(dBA) 

100m 500m 1000m 2000m 3000m 4000m 5000m 6000m 

P
re

-2
0
1

3
 

Daytime  

(06h00 – 22h00) LReq,d 
78.9 64.0 57.1 40.6 44.7 41.0 37.9 35.3 

Night  

(22h00 – 06h00) LReq,n 
78.9 64.0 57.1 40.6 44.7 41.0 37.9 35.3 

P
o

s
t-

 2
0

1
2

 Daytime  

(06h00 – 22h00) LReq,d 
81.6 66.7 59.7 52.2 47.3 43.6 40.5 37.9 

Night  

(22h00 – 06h00) LReq,n 
81.6 66.7 59.7 52.2 47.3 43.6 40.5 37.9 

 

The noise levels from blasting are likely to be very loud at noise sensitive receptors that are 

relatively close to the opencast pit. For details of the noise impact from blasting activities, refer 

to specialist report on blasting. 

 

4.5.5.2. Noise Impact  

The overall 35dBA noise footprint of the pit operations covers a large area of approximately 

20 kilometres in an east to west direction by 18 kilometres in a north to south direction (post-

2012 scenario). Refer to Figures 5 and 6. 

 

There is a potential for several noise sensitive receptors to be impacted by the mining operation 

noise and specifically during the night-time period. Refer to the 35dBA noise contours on 

Figures 5 and 6.  

 

The noise levels from blasting are very loud at noise sensitive receptors relatively close to the 

opencast pit and can create a major noise nuisance. This is dependent on the times and 

frequency of blasting. 
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4.5.6. Noise Climate and Noise Impact of the Coal Processing  

Coal is transported from the opencast pit to the primary crusher by truck. The crushed coal is 

then conveyed to various stockpiles.  

 

4.5.6.1. Sources of Noise at the Processing Plant 

Certain of the sounds generated by the coal processing plant will be virtually continuous (over 

24-hours) while others will be intermittent.  The loudest of the continuous noise sources will be 

from: 

i) Crushers. 

ii) Conveyor system. 

iii) Grizzly screens and sizing screens. 

iv) Front end loaders. 

v) Cyclones 

vi) Coal washing plant. 

vii) Pumps. 

viii) Compressor house. 

 

4.5.6.2. Noise Climate (Noise Profile) at the Processing Plant 

The ambient noise climate (noise profile) generated by the virtually continuous operations at the 

processing plant complex (as described above) are calculated as indicated in Table 3 and 

Figures 7 and 8. The daytime and night-time conditions at various offsets from the centre of 

operations are shown.  These are the unmitigated conditions.   

 

As the mining operation is virtually continuous over 24 hours, the activities will remain similar 

over this period, and therefore contours of the noise generated for the daytime and night-time 

periods (as defined by SANS 10103) will be the same. 
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TABLE 3: CALCULATED AMBIENT NOISE CONDITIONS FROM OPERATIONS AT THE 
GROOTEGELUK COAL MINE: COAL PROCESSING PLANT (UNMITIGATED) 

S
c

e
n

a
ri

o
 

Time Period 

Sound pressure level at given offset 

(dBA) 

100m 500m 1000m 2000m 3000m 4000m 5000m 6000m 

P
re

-2
0
1

3
 

Daytime  

(06h00 – 22h00) LReq,d 
79.4 64.4 57.4 49.6 44.6 40.8 37.6 34.9 

Night  

(22h00 – 06h00) LReq,n 
79.4 64.4 57.4 49.6 44.6 40.8 37.6 34.9 

P
o

s
t-

 2
0

1
2

 Daytime  

(06h00 – 22h00) LReq,d 
80.8 65.9 58.9 51.1 46.2 42.3 39.2 36.4 

Night  

(22h00 – 06h00) LReq,n 
80.8 65.9 58.9 51.1 46.2 42.3 39.2 36.4 

 

4.5.6.3. Noise Impact  

There is a potential for several noise sensitive receptors to be impacted by the noise from the 

coal processing plant, and specifically during the night-time period. Refer to the 35dBA noise 

contours on Figures 7 and 8. However, intermittent loud noises are likely to be heard further 

afield than the position of the 35dBA contour. 
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4.5.7.  Noise Climate at the Stockpiles 

4.5.7.1. Sources of Noise 

There are several stockpiles from which noise is generated, the main ones being just to the 

north-east of the processing plant. The noise footprints of the stockpiles are small in comparison 

with those of the pit mining operations and process plant operations. The noise footprint of the 

main stockpiles has been calculated as lying within that of the process plant operations noise 

footprint. 

 

4.5.7.2. Noise Climate (Noise Profile) 

The ambient noise climate (noise profile) that will be generated by the operations at the various 

stockpiles (as described above) are calculated as indicated in Table 4 and shown in Figures 9 

and 10. The daytime and night-time conditions at various offsets from the centre of operations 

are shown.  These are the unmitigated conditions.   

 

As the mining operation is virtually continuous over 24 hours, the activities will remain similar 

over this period, and therefore contours of the noise generated for the daytime and night-time 

periods (as defined by SANS 10103) will be the same. 

 

TABLE 4: CALCULATED AMBIENT NOISE CONDITIONS FROM OPERATIONS AT THE 
GROOTEGELUK COAL MINE: STOCKPILES (UNMITIGATED) 

S
c

e
n

a
ri

o
 

Time Period 

Sound pressure level at given offset  

(dBA) 

 

100m 500m 1000m 1500m 2000m 

P
re

-2
0
1

3
 

Daytime  

(06h00 – 22h00) LReq,d 
63.7 47.6 39.8 34.8  

Night  

(22h00 – 06h00) LReq,n 
63.7 47.6 39.8 34.8  

P
o

s
t-

 2
0

1
2

 

Daytime  

(06h00 – 22h00) LReq,d 
65.5 49.4 41.5 36.5 32.7 

Night  

(22h00 – 06h00) LReq,n 
65.5 49.4 41.5 36.5 32.7 

 

4.5.7.3. Noise Impact 

As the noise footprint of the stockpiles lie within those of the processing plant and the pit mining 

operation, there are no noise sensitive receptors to is impacted by the stockpile dump 

operations noise. However, intermittent short-term loud noises, such as the actual dump from a 

truck are likely to be heard further afield than the position of the 35dBA contour.



30 

JKA598r003 Main Report Final (16/07/2012) 
 



31 

JKA598r003 Main Report Final (16/07/2012) 



32 

JKA598r003 Main Report Final (16/07/2012) 

4.5.8. Noise Climate at the Various Dumps  

4.5.8.1. Sources of Noise 

There are several dumps from which noise will be generated when trucks dump the load and 

the material is worked into an orderly stockpile by means of bulldozer. In several cases, the 

waste material is dumped onto a conveyor system and transported onto the dump. 

 

Certain of the sounds generated by the dump operations will be continuous (over 24-hours) 

while others will be intermittent.  The loudest of the continuous noise sources will be from: 

i) Bulldozer 

ii) Conveyor drive house 

 

The intermittent noises will be from: 

i) Haul trucks between the pit and the dumps. 

 

4.5.8.2. Noise Climate (Noise Profile) 

The ambient noise climate (noise profile) that will be generated by the operations at the various 

dumps (as described above) are calculated to be as indicated in Table 5 and shown in 

Figure 11. The daytime and night-time conditions at various offsets from the centre of 

operations are shown.  These are the unmitigated conditions.   

 

As the mining operation is virtually continuous over 24 hours, the activities will remain similar 

over this period, and therefore contours of the noise generated for the daytime and night-time 

periods (as defined by SANS 10103) will be the same. 

 

TABLE 5: CALCULATED AMBIENT NOISE CONDITIONS FROM OPERATIONS AT THE 
GROOTEGELUK COAL MINE: DUMPS (UNMITIGATED) 

Time Period 

Sound pressure level at given offset 

(dBA) 

100m 500m 1000m 1500m 2000m 2500m 3000m 3500m 

Daytime (06h00-22h00) LReq,d 69.9 54.9 48.0 43.6 40.3 37.7 35.5 33.5 

Night (22h00-06h00) LReq,n 69.9 54.9 48.0 43.6 40.3 37.7 35.5 33.5 

 

4.5.8.3. Noise Impact 

The dumping operation will not extend at one time over the whole area of the dump, but the 

area will be worked incrementally.  This will mean that there will not be a static noise footprint 

from the dumping operations.  As well as moving in plan, the noise levels from the respective 

sections being worked will also vary as the height of the dump increases. As the height of the 

dump increases, the overall noise footprint will increase, but at the same time, the noise 
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sensitive sites closer to the dump will be shielded from the noise. This is due to the shielding 

effect of the sides of the dump.  

 

The noise footprint shown is for the operations over the full period that dump will be worked. It is 

the total noise envelope covering the noise generated by the entire dump for all situations 

over the full operational phase of the dump.  It indicates the worst situation that could occur 

at any specific receiver point.  It is for this reason as well as the very conservative (i.e. worst 

meteorological conditions, hard ground, no barriers, etc) approach to the analysis that the 

cumulative effects with any of the other noise zones of the coal mine are not plotted. If problems 

are anticipated at any one noise sensitive site then a more detailed analysis of that specific site 

will need to be undertaken. 
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4.5.9.  Noise Climate at the Slimes Dams Pumps 

4.5.9.1. Sources of Noise 

Although the noise footprint of the return water pumps at the slimes dams is relatively small, it 

has been modelled because it is one of the northernmost noise sources. It has been calculated 

that the 35dBA noise footprint lies completely within those of the pit mining operations and the 

processing plant.  

 

4.5.9.2. Noise Climate (Noise Profile) 

The ambient noise climate (noise profile) that will be generated by the return water pumps at the 

slimes dams are calculated as indicated in Table 6 and shown in Figure 12. The daytime and 

night-time conditions at various offsets from the centre of operations are shown.  These are the 

unmitigated conditions.   

 

As the mining operation is virtually continuous over 24 hours, the activities will remain similar 

over this period, and therefore contours of the noise generated for the daytime and night-time 

periods (as defined by SANS 10103) will be the same. 

 

TABLE 6: CALCULATED AMBIENT NOISE CONDITIONS FROM OPERATIONS AT THE 
GROOTEGELUK COAL MINE: RETURN WATER PUMPS (UNMITIGATED) 

Time Period 

Sound pressure level at given offset 

(dBA) 

100m 180m 300m 500m 800m 

Daytime (06h00-22h00) LReq,d 55.3 49.8 45.0 39.9 35.1 

Night (22h00-06h00) LReq,n 55.3 49.8 45.0 39.9 35.1 

 

4.5.9.3. Noise Impact 

As the noise footprint of the return water pumps lie within those of the processing plant and the 

pit mining operation, there are no noise sensitive receptors to is impacted by the pump 

operations noise. 
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4.5.10. Mine Generated Traffic 

The existing daily traffic generated by the mine is 2670 vpd (vehicles per day), 20% of which are 

heavy vehicles. When the production for Medupi comes on line (post-2012), the traffic is 

estimated to increase to 2885 vpd, 18% of which will be heavy vehicles. This translates into an 

increase of 0.1dBA along the main roads, which will not be perceptible. 

 

4.6 Impact of the Mine on the Noise Climate of the Study Area 

The study area is already degraded by several sources of noise – specifically the noise 

emanating from the Matimba Power Station and from the Grootegeluk Coal Mine. When the 

Medupi Power Station is commissioned, another major source of noise will be added to the 

existing noise climate. The area shaded in green in Figure 13 indicates the impact that the Coal 

Mine alone has on areas that are not degraded by the noise from the power stations. 
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5 MITIGATION MEASURES 

The following section indicates noise mitigation measures that should be applied where 

relevant to future upgrading to and expansions of the Coal Mine. 

 

5.1 Construction Phase 

The noise mitigation measures to be considered during the construction phase are as follows: 

i) Construction site yards and other noisy fixed facilities should be located well away from 

noise sensitive areas adjacent to the development sites. 

ii) All construction vehicles and equipment are to be kept in good repair. 

iii) Where possible, stationary noisy equipment (for example compressors, pumps, 

pneumatic breakers,) should be encapsulated in acoustic covers, screens or sheds. 

Proper sound insulation can reduce noise by up to 20dBA. Portable acoustic shields 

should be used in the case where noisy equipment is not stationary (for example drills, 

angle grinders, chipping hammers, poker vibrators). 

iv) Construction activities, and particularly the noisy ones, are to be contained to reasonable 

hours during the day and early evening. 

v) With regard to unavoidable very noisy construction activities in the vicinity of noise 

sensitive areas, the mine should liaise with local residents on how best to minimise the 

impact. 

vi) Machines in intermittent use should be shut down in the intervening periods between 

work or throttled down to a minimum. 

vii) In general, operations should meet the noise standard requirements of the Occupational 

Health and Safety Act (Act No 85 of 1993). 

viii) Construction staff working in areas where the 8-hour ambient noise levels exceed 

75dBA should wear ear protection equipment. 

 

5.2 Operational Phase 

The following noise mitigation measures, which will need to be considered where appropriate, 

are indicators of what needs to be done to reduce or control the noise generated by the 

operations at the Coal Mine: 

i) The design of all major plant for the Coal Mine is to incorporate all the necessary 

acoustic design aspects required in order that the overall generated noise level from the 

new installation does not exceed a maximum equivalent continuous day/night rating 

level (LRdn), namely a noise level of 70dBA (just inside the property projection plane, 

namely the property boundary of the Coal Mine) as specified for industrial districts in 

SANS 10103.  Refer to Appendix A.  Notwithstanding this provision, the design is also to 

take into account the maximum allowable equivalent continuous day and night rating 
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levels of the land use type of potentially impacted sites outside the Grootegeluk Coal 

Mine property.  Where the noise level at such an external site is presently lower than the 

maximum allowed, the maximum shall not be exceeded.  Where the noise level at the 

external site is presently at or exceeds the maximum, the existing level shall not be 

increased by more than indicated as acceptable in SANS 10103. The proposed mine 

does not comply with these requirements and mitigation measures will have to be 

implemented.  

ii) The latest technology incorporating maximum noise mitigation measures for components 

of the complex should be designed into the system. Ideally, plant and equipment should 

meet the following specification: the sound power level (LW) should be such that the 

sound pressure level (SPL – i.e. the noise level) measured at 1 metre from the surface 

of the given plant/equipment should not exceed 85dBA. When ordering plant and 

machinery, manufacturers should be requested to provide details of the sound power 

level. Where possible, those with the lowest sound power level (most quiet) should be 

selected.  

iii) The design process is to consider, inter alia, the following aspects: 

a) The position and orientation of buildings and plant on the site. 

b) The design of the buildings to minimise the transmission of noise from the inside to 

the outdoors. 

c) The insulation of particularly noisy plant and equipment. 

iv) The stockpiles of spoil rock and overburden (berms) from the opencast pit excavations 

should, where possible, be used as interim or long-term noise attenuation barriers. 

v) All plant, equipment and vehicles are to be kept in good repair. 

vi) Where possible, very noisy activities should not take place at night (between the hours 

of 20h00 to 06h00).  Specifically, blasting should take place to a regular programme and 

should be restricted to the period between 08h00 and 16h00. Loading of the trains at the 

rapid load-out facility should be restricted to the period between 06h00 and 20h00 

 

It should be noted that any mitigation measures taken at the development sites at the mine and 

transport route will limit the impacts in the specific areas designed for, but will not necessarily 

contribute to improving the degraded noise climates in adjacent areas where there is already a 

problem. 

 

6 CONCLUSIONS 

The following conclusions may be drawn from the foregoing analysis: 

i) The Matimba/Grootegeluk/Medupi complex has an extremely large 35dBA noise 

footprint (approximately 20 kilometres in a north-south direction and 26 kilometres in 
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an east-west direction) and the noise generated by the complex has the potential to 

impact numerous NSRs.  The noise footprints of the Matimba Power Station and the 

Medupi Power Station overlap each other (see Figure B2 in Appendix B) and overlap 

the Coal Mine footprint, and therefore the noise levels are cumulative where there 

are overlaps. There is one section in the north-west of the complex that only the 

Grootegeluk Coal Mine influences.  

ii) There are NSRs that are potentially directly impacted by noise from the mine. 

iii) Although the existing general noise climate of much of the study area is still fairly 

representative of a quiet rural/farming district, that in the corridor between Lephalale 

and Matimba/Grootegeluk/Medupi complex already severely degraded near to the 

power station and near to the main roads.   

iv) There are very loud and short term noises (for example blasting) from sections of the 

Coal Mine that will be heard at times well beyond the indicated positions of the 

respective 35dBA contours and the total 35dBA contour envelope of the operation.  

v) Expansions of the mine and operations at the mine need to be carefully controlled in 

order not to extend the 35dBA noise contour and impact on a larger area. 

vi) The 70dBA noise contour daytime condition and the 60dBA night-time condition lie 

within the boundaries of Exxaro’s surface rights area. Refer to Figure 4 and Figure B3 in 

Appendix B. 

vii) There are measures that can be introduced when future expansions take place to 

mitigate some of the impact of the operational noise. 

 

7 RECOMMENDATIONS 

The following are recommended: 

i) The National Noise Control Regulations and SANS 10103:2008 should be used as the 

main guidelines for addressing any further issues related to the potential noise impact of 

this project.  

ii) Various measures to reduce the potential noise impact from the surface workings at 

the Coal Mine are possible, and the mitigation measures indicated in Section 5 need 

to be considered. 

iii) The noise mitigation measures will need to be designed and/or checked by an 

acoustical engineer in order to optimise the design parameters and ensure that the 

cost/benefit of the measure is optimised. 

iv) Noise monitoring guidelines are to be prepared and implemented. 
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APPENDIX A: GLOSSARY OF TERMS AND NOISE IMPACT CRITERIA 

 

A1. GLOSSARY OF TERMS 

In order to ensure that there is a clear interpretation of this report the following meanings should 

be applied to the acoustic terminology: 

 

� Ambient sound level or ambient noise means the totally encompassing sound in a given 

situation at a given time, and usually composed of sound from many sources, both near and 

far.  Note that ambient noise includes the noise from the noise source under investigation.  

The use of the word ambient should however always be clearly defined (compare with 

residual noise). 

� A-weighted sound pressure, in Pascals:  The root-mean-square sound pressure 

determined by use of frequency-weighting network A. 

� A-weighted sound pressure level (SPL) (noise level) (LpA), in decibels:  The sound 

pressure level of A-weighted sound pressure is given by the equation: 

LpA  =  10 log (pA/po)
2     where: 

pA is the A-weighted sound pressure, in Pascals;  and 

po is the reference sound pressure (po  =  20 micro Pascals (µPa)) 

Note:  The internationally accepted symbol for sound pressure level, dB(A), is used. 

• Controlled areas as specified by the National Noise Control Regulations are areas where 

certain noise criteria are exceeded and actions to mitigate the noise are required to be 

taken.  Controlled areas as related to roads, airports and factory areas are defined.  These 

Regulations presently exclude the creation of controlled areas in relation to railway noise. 

� dB(A) means the value of the sound pressure level in decibels, determined using a 

frequency weighting network A.  (The “A”-weighted noise levels/ranges of noise levels that 

can be expected in some typical environments are given in Table A2 at the end of this 

appendix). 

� Disturbing noise means a noise level that exceeds the outdoor equivalent continuous 

rating level for the time period and neighbourhood as given in Table 2 of SANS 10103:2004.  

For convenience, the latter table is reproduced in this appendix as Table A1. 

� Equivalent continuous A-weighted sound pressure level (LAeq,T) means the value of the 

A-weighted sound pressure level of a continuous, steady sound that, within a specified time 

interval, has the same mean-square sound pressure as a sound under consideration whose 

level varies with time. 

� Equivalent continuous rating level (LReq,T) means the equivalent continuous A-weighted 

sound pressure level during a specified time interval, plus specified adjustments for tonal 

character and impulsiveness of the sound and the time of day. 
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� Equivalent continuous day/night rating level (LR,dn) means the equivalent continuous A-

weighted sound pressure level during a reference time interval of 24-hours, plus specified 

adjustments for tonal character and impulsiveness of the sound and the time of day.  (An 

adjustment of +10dB is added to the night-time rating level). 

� Integrating sound level meter means a device that integrates a function of the root mean 

square value of sound pressure over a period of time and indicates the result in dBA. 

� Noise means any acoustic phenomenon producing any aural sensation perceived as 

disagreeable or disturbing by an individual or group.  Noise may therefore be defined as any 

unwanted sound or sound that is loud, unpleasant or unexpected. 

� Noise climate is a term used to describe the general character of the environment with 

regard to sound.  As well as the ambient noise level (quantitative aspect), it includes the 

qualitative aspect and the character of the fluctuating noise component. 

� Noise Control Regulations means the regulations as promulgated by the National 

Department of Environmental Affairs. 

� Noise impact criteria means the standards applied for assessing noise impact. 

� Noise level means the reading on an integrating impulse sound level meter taken at a 

measuring point in the presence of any alleged disturbing noise at the end of a total period 

of at least 10 minutes after such meter was put into operation, and, if the alleged disturbing 

noise has a discernible pitch, for example, a whistle, buzz, drone or music, to which 5dBA 

has been added.  (The “A”-weighted noise levels/ranges of noise levels that can be 

expected in some typical environments are given in Table A2 at the end of this appendix). 

� Noise nuisance means any sound which disturbs or impairs or may disturb or impair the 

convenience or peace of any reasonable person considering the location and time of day.  

This applies to a disturbance which is not quantitatively measurable such as barking dogs, 

etc. (compared with disturbing noise which is measurable). 

� Residual sound level means the ambient noise that remains at a position in a given 

situation when one or more specific noises are suppressed (compare with ambient noise). 

� Sound means the aural sensation caused by rapid, but very small, pressure variations in 

the air.  In quantifying the subjective aural sensation, “loudness”, the letters dBA after a 

numeral denote two separate phenomena: 

o “dB”, short for decibel, is related to the human’s subjective response to the change in 

amplitude (or largeness) of the pressure variations. 

o The “A” denotes the ear’s different sensitivity to sounds at different frequencies. The 

ear is very much less sensitive to low (bass) frequency pressure variations 

compared to mid-frequencies. 

The level of environmental sound usually varies continuously with time. A human’s 

subjective response to varying sounds is primarily governed by the total sound energy 
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received.  The total sound energy is the average level of the fluctuating sound, occurring 

during a period of time, multiplied by the total time period. In order to compare the effects of 

different fluctuating sounds, one compares the average sound level over the time period 

with the constant level of a steady, non-varying sound that will produce the same energy 

during the same time period. The average energy of sound varying in amplitude is thus 

equivalent to the continuous, non-varying sound. The two energies are equivalent. 

� Sound exposure level or SEL means the level of sound accumulated over a given time 

interval or event.  Technically the sound exposure level is the level of the time-integrated 

mean square A-weighted sound for stated time or event, with a reference time of one 

second. 

� Sound (pressure) level means the reading on a sound level meter taken at a measuring 

point. 

� SANS 10103 means the latest edition of the South African National Standard SANS 10103 

titled The Measurement and Rating of Environmental Noise with Respect to Land Use, 

Health, Annoyance and to Speech Communication. 

� SANS 10210 means the latest edition of the South African National Standard SANS 10210 

titled Calculating and Predicting Road Traffic Noise. 

� SANS 10328 means the latest edition of the South African National Standard SANS 10328 

titled Methods for Environmental Noise Impact Assessments. 

� SANS 10357 means the latest edition of the South African National Standard SANS 10357 

titled The Calculation of Sound Propagation by the Concawe Method. 

� Refer also to the various South African National Standards referenced above and the Noise 

Control Regulations for additional and, in some instances, more detailed definitions. 
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TABLE A1: TYPICAL NOISE RATING LEVELS FOR AMBIENT NOISE IN DISTRICTS 
(NOISE ZONES) 
 

Type of District 

Equivalent Continuous Rating Level for Noise (LReq,T ) 
(dBA) 

Outdoors Indoors with open windows 

Day-night 
(LR,dn) 

Daytime 
(LReq,d) 

Night-time 
(LReq,n) 

Day-night 
(LR,dn) 

Daytime 
(LReq,d) 

Night-time 
(LReq,n) 

a) Rural districts 45 45 35 35 35 25 

b) Suburban districts 
(little road traffic) 

50 50 40 40 40 30 

c) Urban districts 55 55 45 45 45 35 

d) Urban districts 
(some workshops, 
business premises 
and main roads) 

60 60 50 50 50 40 

e) Central business 
districts 

65 65 55 55 55 45 

f) Industrial districts 70 70 60 60 60 50 
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TABLE A2: NOISE LEVELS/RANGES OF NOISE LEVELS THAT MAY BE 
EXPECTED IN SOME TYPICAL ENVIRONMENTS 
 

Noise 
Level 
dB(A) 

Typical Environment 
Subjective 
Description 

140 30m from jet aircraft during take-off  

130 Pneumatic chipping and riveting (operator’s position) Unbearable 

>120 Hearing damage possible even for short exposure  

120 Large diesel power generator  

105-120 Low level military aircraft flight  

110-120 100 m from jet aircraft during take-off  

110 Metal workshop (grinding work), circular saw  

105-110 High speed train at 300 km/h (peak pass-by level at 7,5m)  

90-100 Printing press room Very noisy 

95-100 Passenger train at 200km/h (peak pass-by level at 7,5m). Very noisy 

95-100 Freight train at 100 km/h (peak pass-by level at 7,5 m) Very noisy 

90-100 Discotheque (indoors)  

75-100 7,5 m from passing motorcycle (50 km/h)  

75-80 10 m from edge of busy freeway (traffic travelling at 120 km/h)  

80-95 7,5 m from passing truck (50 km/h)  

80 Kerbside of busy street  

70 Blaring radio Noisy 

70 3 m from vacuum cleaner Noisy 

60-80 7,5 m from passing passenger car (50 km/h)  

65 Normal conversation  

65 Large busy office  

60 Supermarket/small office  

50 Average suburban home (day conditions) Quiet 

40 Library  

40-45 Average suburban home (night-time)  

30-35 Average rural home (night-time)  

25-30 Slight rustling of leaves  

20 Background in professional recording studio Very quiet 

20 Forest (no wind)  

0-20 Experienced as complete quietness  

0 Threshold of hearing at 1000 Hz  
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A2. NOISE IMPACT CRITERIA 

The international tendency is to express noise exposure guidelines in terms of absolute noise 

levels.  These guidelines imply that in order to ascertain an acceptable living environment, 

ambient noise in a given type of environment should not exceed a specified absolute level.  This 

is the approach provided by the environmental guidelines of the World Bank and World Health 

Organisation, which specify 55dBA during the day (06:00 to 22:00) and 45dBA during the night 

(22:00 to 06:00) for residential purposes, determined over any hour.  SANS 10103 conforms to 

the described international tendency.  The recommended standards to be applied are 

summarised in Table A1. 

 

Communities generally respond to a change in the ambient noise levels in their environment, 

and the guidelines set out in SANS 10103 provide a good indication for estimating their 

response to given increases in noise.  The suggested severity criteria for the noise impacts are 

summarised in terms of the above guidelines in Table A3. 

 

TABLE A3: CATEGORIES OF COMMUNITY/GROUP RESPONSE (CRITERIA FOR THE 

ASSESSMENT OF THE SEVERITY OF NOISE IMPACT) 

Increase in Ambient Noise 
Level (dBA) 

Estimated Community/Group Response 

Category Description 

0 – 10 Little Sporadic complaints 

5 – 15 Medium Widespread complaints 

10 - 20 Strong Threats of community/group action 

Greater than 15dBA Very strong Vigorous community/group action 

 
 

Changes in noise level are perceived as follows: 

• 3dBA: For a person with average hearing acuity, an increase in the general ambient 

noise level of 3dBA will be just detectable. 

• 5dBA: For a person with average hearing acuity an increase of 5dBA in the general 

ambient noise level will be significant, that is he or she will be able to identify the 

source of the intruding noise.  According to SANS 10103 the community response for 

an increase of less than 5dBA will be ‘little’ with ‘sporadic complaints’.  For an increase 

of equal or more than 5dBA the response changes to ‘medium’ with ‘widespread 

complaints’. 

• 10dBA: A person with average hearing will subjectively judge an increase of 10dBA as 

a doubling in the loudness of the noise.  According to SANS 10103 the estimated 
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community reaction will change from ‘medium’ with ‘widespread complaints’ to ‘strong’ 

with ‘threats of community action’. 

 

In the National Noise Control Regulations which are applicable in Limpopo Province, an 

intruding noise is defined as ‘disturbing’ if it causes the ambient noise level to rise by 7dBA or 

more. 
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APPENDIX B: DETAILS OF THE NOISE MEASUREMENT SURVEY AND EXISTING NOISE 

CLIMATE CONDITION ASSESSMENT 

 
B1. GENERAL 

The technical details of the noise measurement survey and general noise climate investigation 

related to the potential noise impact of the Grootegeluk Mine, which is located approximately 20 

km to the west of Lephalale (formerly Ellisras) in the Limpopo Province, are dealt with in this 

Appendix. 

 
The noise impact assessment was undertaken in accordance with the requirements of the 

South African National Standard SANS 10328 Methods for Environmental Noise Impact 

Assessments.  Daytime and evening period noise measurements were taken at eleven main 

monitoring sites at appropriate locations in the study area in order to establish the residual 

(existing) noise climate. 

 

B2. STANDARDS AND MEASUREMENT EQUIPMENT 

The sound pressure level (SPL) (noise) measurements were taken in accordance with the 

requirements of the South African National Standard SANS 10103:2008 The Measurement and 

Rating of Environmental Noise with Respect to Annoyance and Speech Communication.  A 

Type 1 Integrating Sound Level Meter, a Rion NA-28, was used for the noise measurements.  

The meter was calibrated at an accredited acoustical laboratory within the last 12 months.  The 

calibration status of the meter was also checked before and after completion of the total 

measurement period of the day.  A calibrated signal with a sound pressure level of 94,0dB at 

1 kHz was applied to the meter.  A Rion Sound Calibrator NC-74 was used. 

 

For all measurements taken to establish the ambient noise levels, the equivalent noise level 

(LAeq), the maximum sound pressure level (LAmax) and the minimum sound pressure level (LAmin) 

during that measurement period were recorded.  The frequency weighting setting was set on “A” 

and the time weighting setting of the meters were set on Impulse (I).  Measurement periods of a 

minimum of 10 minutes were used.  In addition, the variation in instantaneous sound pressure 

level (SPL) over a short period was also measured at some of the Sites.  For these latter 

measurements the time weighting setting of the meter was also set on Impulse (I). 

 

At all the measurement sites, the meters were set up with the microphone height at 1,3 metres 

above ground level and well clear of any reflecting surfaces (a minimum of 3 metres clearance).  

For all measurements, a standard windshield cover (as supplied by the manufacturers) was 

placed on the microphone of the meter. 
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At the same time as each individual measurement was being taken, the qualitative nature of the 

noise climate in the area of the measurement site was assessed and recorded.  This comprised 

an appraisal of the general prevailing acoustic conditions based on the subjective response to 

the sounds as perceived by the listener (i.e. auditory observation by the surveyor), as well as 

identifying those noise incidents, which influenced the noise meter readings during that 

measurement period.  This procedure is essential in order to ensure that that there is a human 

correlation between the noise as perceived by the human ear and the noise, which is measured 

by the meter, as well as to establish any anomalies in the general ambient noise conditions. 

 

At each measurement site a portable recording weather station, a Kestrel 4000 Pocket Weather 

Tracker (Serial No. 569322) was set up in the vicinity of the sound level meter and the wind 

speed, temperature, humidity, barometric pressure, and altitude were recorded. The wind 

direction was determined by means of a compass; and the cloud cover was noted by direct 

observation. 

 

B3. MEASUREMENT SITES 

Noise measurements to establish current ambient noise conditions were taken at 11 sites in the 

mine study area as indicated in Figure B1 and Table B1.   

 

B4. MEASUREMENT DATES/TIMES 

General observation of the noise conditions in the study area as well as the site specific sound 

pressure level (noise) measurements and observations were taken as follows: 

• Measurements P1 - P3 and M1 - M2 were taken by F Malherbe on behalf of JKA on 

Thursday 10 May 2012 and Friday 11 May 2012 during the daytime period from 09h00 

to 16h00 and in the evening/night from 20h00 to 23h30. 

• Measurements P4 - P9 were taken by JKA during a prior survey of the area on Tuesday 

27 January 2009 during the daytime period from 09h30 to 17h00 and during the evening 

period from 19h30 to 22h30.     

 

B5. NOISE MEASUREMENT DETAILS  

B5.1. Summary of the Residual Sound Pressure Level Measurements 

The results of the residual noise condition measurement survey are summarised in Table B1.  

The equivalent sound pressure (noise) level (LAeq), the maximum sound pressure level (LAmax) 

and the minimum sound pressure level (LAmin) are indicated.  Note that the equivalent sound 

pressure (noise) level may, in layman’s terms, be taken to be the average noise level over the 

given period.  This “average” is also referred to as the residual noise level (excluding the 



 

JKA598r003 Appendix B (16/07/2012) 

4

impacting noise under investigation) or the ambient noise level (if the impacting noise under 

investigation is included). 

 

The weather conditions were such that the measurements to establish the ambient noise levels 

were not adversely affected and no specific corrective adjustments needed to be made.     
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TABLE B1: MEASURED CURRENT NOISE LEVELS IN THE GROOTEGELUK COAL MINE STUDY AREA (YEAR 2012) 
 

Site 
No 

Location Description 
GPS 
Co-

ordinates 

Measured Sound Pressure Level 
(dBA) 

Daytime Period Evening Period 

LAeq Lmax Lmin LAeq Lmax Lmin 

P1 On road to farmhouse on Farm Jackhalsvley 309LQ 
S23°39.548’ 
E27°28.063’ 

25.0 48.9 19.1 21.4 51.3 17.3 

P2 At entrance to Van der Walts Pan 310LQ 
S23°36.409’ 
E27°29.475’ 

29.7 53.3 17.9 33.0 54.3 19.6 

P3 On road to farmhouse on Farm Gelykebult 455LQ 
S23°35.899’ 
E27°34.097’ 

23.4 40.5 18.9 26.8 50.0 19.9 

P4 Entrance to Elandsbosch Safaris on Farm Vaalpensloop 313 LQ (Roux’s Rus) 
S23°42.550’  
E27°29.811’ 

46.2 57.7 29.7 47.2 56.3 42.3 

P5 
On the southern side and 10 metres from the centreline of the Steenbokpan Road at 
approximately the boundary between the farms Naauontkomen 509-LQ and Eenzaamheid 
512-LQ.   

S23°42.438’  
E27°32.711’ 

45.1 57.1 37.3 39.6 42.3 33.3 

P6 
Weekend Lodge (no permanent residents) on the farm Kuipersbult 511-LQ, situated south of 
the Afguns Road 

S23°43.310’  
E27°32.551’ 

36.2 46.7 30.2 35.1 44.1 28.7 

P7 Farmhouse on the farm Kromdraai 503-LQ, situated just west of the Afguns Road 
S23°44.314’  
E27°32.528’ 

36.9 46.6 28.7 38.1 48.1 28.1 

P8 
On Road D2001 north of Grootgeluk Colliery approximately on the boundary between the 
farms Kalkvlakte 256 LQ and Onbelyk 257 LQ 

S23°35.245’  
E27°27.941’ 

43.4 57.6 28.6 38.7 42.6 32.3 

P9 
In Marapong Township on eastern sidewalk of the road just south of the Marapong Private 
Hospital.  The site is approximately 700 metres northeast of the existing power station. 

S23°39.506’  
E27°37.064’ 

50.2 68.2 42.5 53.2 61.1 51.6 

M1 On the western side of the Grootegeluk Process Plant  
S23°39.604’ 
E27°32.909’ 

77.7 87.6 74.4    

M2 On the western side of the Grootegeluk Process Plant 
S23°39.823’ 
E27°33.154’ 

69.2 79.2 66.7    
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B6. NOISE CLIMATE RELATED TO THE 24 HOUR ROAD TRAFFIC 

In order to complement the short-term noise measurements, the existing 24-hour residual noise 

levels related to the average daily traffic (ADT) flows on the main roads through the area and 

the roads directly affected by the Grootegeluk Coal Mine were also calculated.  The relevant 

roads are Road D1675 and Road D2001. Refer to Appendix D for a more detailed description of 

the roads. The traffic data were obtained from the Limpopo Road Agency (Pty) Ltd and the 

traffic impact assessments studies of the Medupi and Waterberg Power Stations. 

 

These calculated noise values provide an accurate base for the SANS 10103 descriptors.  The 

noise levels generated from the traffic on these roads were calculated using the South African 

National Standard SANS 10210 Calculating and Predicting Road Traffic Noise.  Typical 

situations were used for the calculation site.  The Year 2009 provincial traffic data were used as 

the baseline for the calculations.   

 

The noise levels at various offsets from the relevant road centrelines were established and are 

summarised in Table B2. The noise descriptors used are those prescribed in SANS 

10103:2008, namely: 

i) Daytime equivalent continuous rating (noise) level (LReq,d) (Ld used in Table), namely 

for the period from 06h00 to 22h00). 

ii) Night-time equivalent continuous rating (noise) level (LReq,n) (Ln used in Table), 

namely for the period from 22h00 to 06h00). 

iii) Day-night equivalent continuous rating (noise) level (LR,dn) (Ldn used in Table), 

namely for the 24 hour period from 06h00 to 06h00). 

 

The noise levels given are for generalised and the unmitigated conditions.  There will be greater 

attenuation than shown with distance where there are houses, other buildings and terrain 

restraints in the intervening ground between the source and the receiver point. In particular, the 

thick vegetation in some areas will significantly reduce the noise with increasing distance from 

the road. 

 
The roads referred to in the table below are defined as follows:  

Road 1: Road D1675 Steenbokpan to Medupi 

Road 2: Road D2001 north of Matimba 

Road 3: Road D2001 Matimba Entrance to Grootegeluk Entrance 

Road 4: Road D2001 Matimba Entrance to Road D1675 

Road 5: Road D1675 east of Medupi 

Road 6: Nelson Mandela east of D2001
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TABLE B2: EXISTING NOISE CLIMATE ADJACENT TO MAIN ROADS (YEAR 2012) 

Road 

Noise Climate Alongside the Main Roads at Given Offset from Centreline (SANS 10103 Indicator) (dBA) 

25m Offset 50m Offset 100m Offset 250m Offset 500m Offset 1000m Offset 1500m Offset 

Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn 

Road 1 47.9 40.8 49.1 44.9 37.8 46.1 41.7 34.6 42.9 37.3 30.2 38.5 33.5 26.4 34.7 29.0 21.9 30.2 25.9 18.8 27.1 

Road 2 36.6 29.5 37.8 33.6 26.5 34.8 30.4 23.3 31.6 26.0 18.9 27.2 22.2 15.1 23.4 17.7 10.6 18.9 14.6 7.5 15.8 

Road 3 59.5 52.4 60.7 56.5 49.4 57.7 53.3 46.2 54.5 48.9 41.8 50.1 45.1 38.0 46.3 40.6 33.5 41.8 37.5 30.4 38.7 

Road 4 59.5 52.4 60.7 56.5 49.4 57.7 53.3 46.2 54.5 48.9 41.8 50.1 45.1 38.0 46.3 40.6 33.5 41.8 37.5 30.4 38.7 

Road 5 54.7 47.6 55.9 51.7 44.6 52.9 48.5 41.4 49.7 44.1 37.0 45.3 40.3 33.2 41.5 35.8 28.7 37.0 32.7 25.6 33.9 

Road 6 60.4 53.3 61.6 57.4 50.3 58.6 54.2 47.1 55.4 49.8 42.7 51.0 46.0 38.9 47.2 41.5 34.4 42.7 38.4 31.3 39.6 
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B7. Noise Climate Related to Railway Traffic  

There is one railway line in the study area, namely that for the coal haul trains from the colliery 

to Thabazimbi.  There are at present 2 trains per day.  Noise from the pass-by of this type of 

train (drawn by diesel locomotives) peaks in the vicinity of 92dBA at a 30 metre offset from the 

track.   

 

With the pass-by of each train there will be a fluctuation in sound pressure level ranging from 

the normal background noise for the area (residual noise level) to a maximum as the train 

passes and then reducing again to the residual level as the train moves away from the receiver 

point.  The approximate maximum noise levels that will be experienced with the pass-by of a 

typical freight train at various offsets from the railway line and for various typical cross-section 

types are given in Table B3. These values were measured by Jongens Keet Associates, as well 

as from Nelson (1987) and UK Department of Transport (1995). Note that the noise levels for 

the sections at-grade and the sections on fill are the same.  The values given are the 

unmitigated noise levels. 

 
TABLE B3: TYPICAL MAXIMUM NOISE LEVELS FOR OPERATIONAL CONDITIONS 
ALONG THE GROOTEGELUK-THABAZIMBI RAILWAY LINE  

Offset 
(m) 

Maximum Pass-by Noise Level (LAmax) 
(dBA) 

At-grade/Fill 
Section 

Cutting Section 

3m Depth 7m Depth 

25 93,3 81,5 77,9 

50 88,3 75,7 71,1 

100 82,2 69,3 64,3 

200 75,6 62,6 57,4 

300 71,9 58,9 53,4 

500 66,5 53,5 48,0 

 
 

i) The operations of the trains have the potential to adversely influence the noise climate of the 

areas along the railway corridor to a larger or lesser extent for significant distances from the 

tracks.  The propagated noise will be attenuated with distance from the source, the nature of 

the ground cover on the intervening ground, and from screening by the natural topography 

and buildings.  The wheel-rail generated noise is enhanced where the train is travelling on 

elevated structure.   

ii) The character (qualitative aspect) of the railway operational noise will have many facets.  

The component of noise that will predominate at maximum operating speed will be the 
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wheel-rail interaction noise.  The noise from diesel locomotives will be much higher than that 

from electric locomotives. The noise from the locomotives will be slightly louder than that 

from the wagons.  With the pass-by of each train, the perceived noise at any one receiver 

point within the area of influence of the train will fluctuate relatively rapidly from the normal 

background (ambient) noise level of the area to peak at the maximum, will then fall slightly 

once the locomotives have passed the closest point to the receiver to remain fairly constant 

at this level until the whole train has passed by the near-ground and then will fall back to the 

area’s ambient level as the train moves into the far distance.  This whole cycle can take 

place over a period of several minutes.   

iii) The noise of the braking systems may sometimes be audible.  There will possibly be some 

“flange squeal” (rail-wheel interaction) heard in areas where there are tight-radius track 

curves.  There will also be mechanical banging sounds from the wagon couplings when the 

trains slow down or accelerate.  

iv) The railway line crosses the Steenbokpan Road a level crossing where it is mandatory that 

the trains sound a warning horn. Noise from these horn soundings can be as loud as 

105dBA at 30 metres and 84dBA at 350 metres from the train.  

 

B8. PREVAILING NOISE CLIMATE IN THE COLLIERY STUDY AREA 

In overview, the existing situation with respect to the noise climates in the study area was found 

to be as follows: 

i) The areas relatively far from the main roads, Matimba Power Station and the Medupi 

Power Station construction activities are generally very quiet.  Most of the area has a 

typical rural noise climate. 

ii) The main sources of noise in the area are from traffic on the main roads, Matimba Power 

Station, power station infrastructure remote from the facility, Medupi Power Station (still 

under construction) and Grootegeluk Colliery. These noise sources are significant 

contributors to a degraded noise climate. 

iii) With regard to traffic noise from Nelson Mandela Drive, existing residences in the 

residential areas of Lephalale (Ellisras) and Onverwacht up to approximately a 500 

metre offset from the road impacted (night-time conditions).  In these areas the noise 

levels exceed acceptable suburban residential living conditions as specified in SANS 

10103.  Ideally the ambient noise level should not exceed 50dBA during the daytime 

period (06h00 to 22h00) and 40dBA during the night-time period (22h00 to 06h00).  

Refer to the SANS 10103 standards as given in Appendix A. 

iv) Ambient noise levels due to traffic in the areas along Steenbokpan Road (D1675) and 

Road D2001 (north of the colliery) are not high and impact is not significant. 
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v) Noise levels from Matimba Power Station adversely affect the daytime noise climate at 

any residences in the surrounding area for up to a distance of 3000 metres around the 

facility base on the rural standards that need to be applied for this area.  At night the 

radius of impact increases to approximately 6500 metres. Refer to Figure B2. 

vi) At present, Medupi Power Station is under construction. The predicted noise footprint 

when the power station is commissioned is estimated to adversely affect the daytime 

noise climate at any residences in the surrounding area for up to a distance of 4700 

metres around the facility base on the rural standards that need to be applied for this 

area.  At night the radius of impact increases to approximately 9500 metres. Refer to 

Figure B2. There will be cumulative effects between the noise from the Matimba and 

Medupi Power Stations that will enlarge the individual noise footprints of these two 

sources of noise. 

vii) There are also noise sources from Matimba Power Station equipment at locations 

remote from the power station as well as other isolated (or infrequent) noise sources 

such as: 

• Coal conveyor belt from the colliery to the power station and the conveyor belt 

transporting the ash residue from the power station to the ash dump. 

• Operations at the ash dump that include the dumping and spreading of the ash, 

and the rehabilitation of the dump. 

• The sewage works serving the power station, which is located 3 kilometres to the 

north of the power station. 

viii) The noise profile of Grootegeluk Coal Mine, which is a major source of noise in the area, 

has not previously been calculated. The purpose of this study was to ascertain the 

extent and impact of the noise footprint. The process of calculating the footprint is 

documented in the main report, and was found to be as shown in Figure B3.  

ix) The 70dBA noise contour daytime condition and the 60dBA night-time condition lie 

within the boundaries of Exxaro’s surface rights area. Refer to Figure 4 in the main 

report and Figure B3. 

x) An intermittent source of noise is the coal haul trains on the railway line from the colliery 

to Thabazimbi There are at present two trains per day.  
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APPENDIX C: IDENTIFICATION OF APPROPRIATE NOISE 

STANDARDS FOR NATURE RESERVES, GAME PARKS AND 

WILDERNESS AREAS 

 

The following are considered aspects of importance to this study. This Appendix relates to the 

existing game parks and lodges in the area. 

 

A system-wide survey by the US National Park Service in the year 2000 revealed that as many 

visitors come to their parks to enjoy the natural soundscape (91%) as come to view the scenery 

(93%) (US National Park Service, 2000). However, it is necessary that soundscapes be 

categorized. 

 

Soundscapes, that is, the combined sounds from natural and non-natural sources, are 

recognized as an important resource in national parks. The natural soundscape is generally 

comprised of two main sound categories - those from biological or those from physical sources. 

Organisms such as birds, frogs, and plants, etc. create biological sounds, while forces such as 

wind, rock fall, and rivers, etc. create physical sounds. These two types of sounds can be used 

to characterize different habitats. The specific soundscape characteristics are an important 

attribute of a National Park’s natural systems, for non-natural sounds can obscure or disturb 

ecological functions, as well as adversely influence visitor experiences. 

 

The concepts of natural quiet, appropriate noise and inappropriate noise are also mooted within 

the context of a national park’s environments. 

• Natural quiet does not imply silence. It rather implies that only the natural sound sources 

suitable to that specific locality are present, e.g. the subtle sound of wind blowing though a 

forest, the babble of water in a stream and the vocalizations of birds, amphibians and other 

animals, are all understood to be features of the natural soundscape. Yet equally valid 

components of natural quiet may include loud sounds like the rumble of an avalanche, an 

ice fall from a glacier, the howling wind, the cracking thunder during a summer storm, the 

crash of ocean waves, the powerful roar of a waterfall, etc.  

• Appropriate noises are sounds that, even if causing elevated ambient levels, are 

generated by necessary activities fundamental to the basic operation of the park: 

transportation systems, visitors’ centers, maintenance activities, recreational activities, etc.   

• Inappropriate noises jeopardize the natural soundscape resource and purpose for which 

the park was created: loud radios, aircraft overflights, factories on the boundary of the park, 

etc. 
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• Natural Quiet Spaces: There is presently a growing awareness in countries worldwide of 

the importance of retaining the natural quiet to be found in wilderness areas, national parks, 

etc. and procedures to protect these areas are appearing in the policies and regulations of 

such countries. An example is the Netherlands Wet Geluidhinder that contains a clause 

concerning SILENT AREAS (Stiltegebieden) (which further in this report are called Natural 

Quiet Spaces): Natural Quiet Spaces are understood to mean land encompassing several 

kilometres or more in which the impact of noise due to human activities is so low as not to 

detract from the naturally occurring sounds in the area.  These include natural areas of 

biological and ecological value such as national parks, wilderness areas, bird sanctuaries, 

as well as areas of natural beauty that cannot tolerate any increase in the naturally occurring 

levels of sound. (Jongens, 2003). 

 

The study of available literature regarding various countries’ approach to minimising man-made 

noise in Natural Quiet Spaces highlighted the following common principles (Jongens, 2003):  

• Only naturally occurring sounds are to be heard. 

• Noise criteria used for assessing and controlling noise in urban and suburban residential 

districts are not applicable to Natural Quiet Spaces. 

• Humans visiting Natural Quiet Spaces automatically introduce noise into the space mainly 

produced by vehicles and, for example, during social interaction at a rest camp; 

• Rest camps may have sources of noise including mechanical and electrical services such as 

fans/ac units, electrical generators, etc. 

• All manmade sounds (instantaneous, as well as average) must be reduced to a minimum. 

 

Under the State of Oregon’s Environmental Standards for Wilderness Areas it is stated: 

“Subject to the permit requirements in OAR 340-013-0015, the Department may permit the 

emission of ... noise from any source or sources causing the maximum ambient sound pressure 

level to exceed 50 dBA at any point at least 50 feet [16m] from any source, but not to exceed 

75 dBA at such distance.”  This can be interpreted as an attempt to encourage – with regulatory 

stick – people to respect the peace and quiet of a Natural Quiet Space. Electrical/mechanical 

plant attached to rest parks, hotels, etc must be suitably silenced to comply with this limit. The 

visitor will need to drive slowly to be able to stay within the 50 dBA limit thereby achieving two 

objectives: keeping noise levels as low as practical and not having vehicles racing about, 

spewing dust and scaring the animals. Encouraging/regulating low noise has an automatic 

influence on controlling the behaviour of people (Jongens, 2003). 
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It is therefore evident that in facilities such as the existing nature reserves as well as the game 

farms in the area there is a need for natural quiet areas isolated from areas where inappropriate 

noises dominate (such as rest camps).  

 

The South African Acoustics Institute (SAAI) is trying to incorporate above standards in 

provincial noise control regulations. 

 

References: 

1. Jongens, AWD (2003) Comments on Proposed Amendment to the South African Noise 

Control Regulations. Unpublished Document. 

2. US National Park Service (2000). Directors Order #47: Soundscape Preservation and Noise 

Management 

 



 

GROOTEGELUK COAL MINE NOISE IMPACT ASSESSMENT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX D 
 

TRAFFIC GENERATED NOISE CONSIDERATIONS 

 

 

 



2 

 

JKA598r003 Appendix D First Draft (16/07/2012) 

APPENDIX D: TRAFFIC GENERATED NOISE CONSIDERATIONS 

 

D1. ROAD DETAILS 

The main roads influencing the study area are (refer to Figure D1): 

i) Road D1675 is a surfaced road aligned in an east-west direction and linking Lephalale to 

Steenbokpan. It links from Road P84/1 (Route R510) in Lephalale to Road P16/2. The 

section of the road east of the intersection with Road D2001, namely the section through 

Onverwacht and Lephalale, is named Nelson Mandela Drive. 

ii) Road D2001 is the main access to Matimba Power station from Road D1675 (Nelson 

Mandela Drive). It is surfaced road on the section from its intersection with Road D1675 

to Matimba Power Station and Grootegeluk Colliery. North of the colliery it is a gravel 

road up to its intersection with Road P84/1 near the Stockpoort border post. 

iii) Road D175 is a gravel road aligned in a north-south direction linking from the Stockpoort 

border post on the Limpopo River to Road P84/1 (Route 510). This road is aligned 

through Steenbokpan. 

iv) Road D2286 is a gravel road linking from Road P16/2 in the west through to Road D175 

north of Steenbokpan and that is aligned close to and follows the course of the Limpopo 

River. 

v) Road D1925 is a gravel road that is aligned in a north-south direction through the eastern 

portion of the study area. It links to Road D2649 just south of Medupi Power Station. 

vi) Road D2649 is a gravel road that links from D1675 just east of Medupi Power Station to 

Road P84/1 (Route R510) approximately 20km south of Lephalale. 

vii) Road D2701 is a gravel road aligned in an east-west direction that links from Road 

P16/2 to Road D1925. 

 

It is mainly the traffic on Roads D1675 and Road 2011 that are relevant to the study. 







 

 

 

D2. TRAFFIC NOISE IMPACT 

D2.1 Existing Conditions (Background Traffic) 

The traffic data were obtained from the Roads Agency Limpopo and the traffic impact studies 

for Medupi Power Station and the Waterberg Power Stations. The existing average daily traffic 

(ADT) volumes and percentage heavy vehicles on the local road network are indicated in 

Table D1: 

 

TABLE D1: TRAFFIC VOLUMES ON THE MAIN ROADS IN THE STUDY AREA (YEAR 2011) 

Ref No Road 
Average 

Daily 
Traffic 

% Heavy 
Vehicles 

Road 1 Road D1675 Steenbokpan to Medupi 150 15.9 

Road 2 Road D2001 north of Matimba 35 3.0 

Road 3 Road D2001 Matimba Entrance to Grootegeluk Entrance 3000 12.0 

Road 4 Road D2001 Matimba Entrance to Road D1675 4000 5.0 

Road 5 Road D1675 east of Medupi* 800 12.5 

Road 6 Nelson Mandela east of D2001* 4460 7.0 

* Note: Does not include Medupi construction traffic 

 

Nominal growth of the background traffic is anticipated on these roads, at about 1% per annum. 

 

The noise levels generated from the traffic on these roads were calculated using the South 

African National Standard SANS 10210 (SABS 0210), Calculating and Predicting Road Traffic 

Noise.  Typical situations were used for the calculation sites.  The Year 2009 traffic was used as 

the baseline for the calculations.   

 

The noise levels at various offsets from the centreline of these roads are summarised in 

Table D2.  The noise levels given are the unmitigated values.  A conservative approach has 

been taken in that a hard intervening ground condition has been modelled to simulate winter 

conditions (burnt veld).  The thick vegetation in the area will generally result in greater 

attenuation with distance than shown.  There will also be greater attenuation with distance than 

shown where there are houses, other buildings and terrain restraints in the intervening ground 

between the source and the receiver point. 

 



 

 

 

TABLE D2: EXISTING NOISE CLIMATE ADJACENT TO MAIN ROADS (YEAR 2012) 

Road 

Noise Climate Alongside the Main Roads at Given Offset from Centreline (SANS 10103 Indicator) (dBA) 

25m Offset 50m Offset 100m Offset 250m Offset 500m Offset 1000m Offset 1500m Offset 

Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn Ld Ln Ldn 

Road 1 47.9 40.8 49.1 44.9 37.8 46.1 41.7 34.6 42.9 37.3 30.2 38.5 33.5 26.4 34.7 29.0 21.9 30.2 25.9 18.8 27.1 

Road 2 36.6 29.5 37.8 33.6 26.5 34.8 30.4 23.3 31.6 26.0 18.9 27.2 22.2 15.1 23.4 17.7 10.6 18.9 14.6 7.5 15.8 

Road 3 59.5 52.4 60.7 56.5 49.4 57.7 53.3 46.2 54.5 48.9 41.8 50.1 45.1 38.0 46.3 40.6 33.5 41.8 37.5 30.4 38.7 

Road 4 59.5 52.4 60.7 56.5 49.4 57.7 53.3 46.2 54.5 48.9 41.8 50.1 45.1 38.0 46.3 40.6 33.5 41.8 37.5 30.4 38.7 

Road 5 54.7 47.6 55.9 51.7 44.6 52.9 48.5 41.4 49.7 44.1 37.0 45.3 40.3 33.2 41.5 35.8 28.7 37.0 32.7 25.6 33.9 

Road 6 60.4 53.3 61.6 57.4 50.3 58.6 54.2 47.1 55.4 49.8 42.7 51.0 46.0 38.9 47.2 41.5 34.4 42.7 38.4 31.3 39.6 

 

The noise descriptors used are those prescribed in SANS 10103:2008, namely: 

i) Daytime equivalent continuous rating (noise) level (LReq,d) (Ld used in Table), namely for the period from 06h00 to 22h00). 

ii) Night-time equivalent continuous rating (noise) level (LReq,n) (Ln used in Table), namely for the period from 22h00 to 06h00). 

iii) Day-night equivalent continuous rating (noise) level (LR,dn) (Ldn used in Table), namely for the 24 hour period from 06h00 to 06h00). 



 

 

 

D2.2. Grootegeluk Coal Mine Generated Traffic 

The existing daily traffic generated by the mine is 2670 vpd (vehicles per day), 20% of which are 

heavy vehicles. When the production for Medupi comes on line (post-2012), the traffic is 

estimated to increase to 2885 vpd, 18% of which will be heavy vehicles. This translates into an 

increase of 0.1dBA along the main roads, which will not be perceptible. 
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DECLARATION OF INDEPENDENCE 

 

I, Barend J B van der Merwe as duly authorised representative of dBAcoustics, hereby confirm my 

independence and declare that I have no interest, be it business, financial, personal, or other in Grootegeluk 
Mine.  I further declare that I am confident in the results of the studies undertaken and conclusions drawn as 

a result of it. I am fully aware of and meet the responsibilities in terms of the National Environmental 

Management Act (NEMA), any other specific and relevant legislation (national and provincial), policies, 

guidelines, and best practice.  
 

 

Signature:  

 

Full Name: Barend Jacobus Barnardt van der Merwe 

Date: 25 May 2022 

Title / Position: Environmental noise specialist 

Qualification(s): MSc Environmental Management  

Experience (years/ months): 21 years 

Registration(s): SAAI, NACA and IAIA (SA)  
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1. Introduction 
 

dBAcoustics was appointed to do the bi-annual noise survey along the boundaries of the Grootegeluk 
mine with residential properties (farmsteads) to the north, east and west of the mine boundaries. The 
location of the study area is illustrated in Figure 1.1. 
 

 
Figure 1.1: Location of the study area 

 
1.1 Terms of reference and scope of work 

 
The noise survey was requested as part of the environmental audit process of the mine which is done 
on a bi-annual basis. The noise survey was carried out to: 

 
• Determine the prevailing ambient noise levels at the different measuring points; 
• To register the baseline ambient noise levels for future use and to be able to evaluate future mining 

activities in terms of the baseline noise levels; 
• Comparison of results with current and/or South African Standards; 
• Assess significance of current noise impact on noise sensitive receptors and make 
 recommendations for future monitoring and mitigation. 

 
1.2  Background to environmental noise  

 
Sound is a wave motion, which occurs when a sound source sets the nearest particles of air in motion. 
The movement gradually spreads to air particles further away from the source. Sound propagates in 
air with a speed of approximately 340 m/s. 
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The sound pressure level in free field conditions is inversely proportional to the square of the distance 
from the sound source – inverse square law. Expressed logarithmically as decibels, this means the 
sound level decrease 6 dB with the doubling of distance. This applies to a point source only.  If the 
sound is uniform and linear then the decrease is only 3 dB per doubling of distance. The decibel scale 
is logarithmic therefore decibel levels cannot be added together in the normal arithmetic way, for 
example, two sound sources of 50 dB each do not produce 100 dB but 53 dB, nor does 50 dB and 30 
dB equal 80 dB but remains 50 dB. 
 
Air absorption is important over large distances at high frequencies, and it depends on the humidity but 
is typically about 40 dB/km @ 4000 Hz. Traffic noise frequencies are mainly mid/low and will be 
unaffected below 200m. 
 
When measuring the intensity of a sound, an instrument, which duplicates the ear variable sensitivity 
to sound of different frequency, is usually used. This is achieved by building a filter into the instrument 
with a similar frequency response to that of the ear. This is called an A-weighting filter because it 
conforms to the internationally standardized A-weighting curves. Measurements of sound level made 
with this filter are called A-weighted sound level measurements, and the unit is dB.  

 
Sound propagation is affected by wind gradient rather than the wind itself. The profile of the ground 
causes such a gradient. The sound may be propagated during upwind conditions upwards to create a 
sound shadow. A downwind refracts the sound towards the ground producing a slight increase in sound 
level over calm isothermal conditions. 
 
The velocity of sound is inversely proportional to the temperature therefore a temperature gradient 
produces a velocity gradient and a refraction of the sound. Temperature decreases with height and the 
sound is refracted upwards. 
 
For a source and receiver close to the ground quite large attenuation can be obtained at certain 
frequencies over absorbing surfaces, noticeably grassland. This attenuation is caused by a change in 
phase when the reflected wave strikes the absorbing ground and the destructive interference of that 
wave with the direct wave. The reduction in sound tends to be concentrated between 250 Hz and 600 
Hz. 
 
Noise screening can be effective when there is a barrier between the receiver and the source i.e. walls, 
earth mounds, cuttings, and buildings. The performance of barriers is frequency dependent. To avoid 
sound transmission through a barrier the superficial mass should be greater than 10 Kg/m2. 
 
There is a complex relation between subjective loudness and the sound pressure level and again 
between annoyance due to noise and the sound pressure level. In general the ear is less sensitive at 
low frequencies and the ear will only detect a difference in the sound pressure level when the ambient 
noise level is exceeded by 3-5 dBA. 

 
There are certain effects produced by sound which, if it is not controlled by approved acoustic mitigatory 
measures, seem to be construed as undesirable by most people and they are: 
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• Prolonged exposure to elevated levels of sound, which may damage the hearing or create a 
temporary threshold shift – in industry or at areas where music is played louder than 95 dBA. This 
will seldom happen in far-field conditions; 

• Interference with speech where valuable information by the receiver cannot be analyzed due to     
loud noises; 

• Excessive loudness; 
• Annoyance. 

 
Several factors, for example clarity of speech, age of listener and the presence of noise induced 
threshold displacement, will influence the comprehensibility of speech communication. 
 
The effect of noise (except for long duration, high level noise) on humans is limited to disturbance and/or 
annoyance and the accompanying emotional reaction. This reaction is difficult to predict and is 
influenced by the emotional state of the complainant, his attitude towards the noisemaker, the time of 
day or night and the day of the week. 
 
Types of noise exposure: 

 
•  Continuous exposure to noise – The level is constant and does not vary with time e.g. traffic on   

freeway and an extractor fan; 
•  Intermittent exposure to noise – The noise level is not constant and occurs at times e.g. car alarms 

and sirens; 
•  Exposure to impact noise – A sharp burst of sound at intermittent intervals e.g. explosions and low 

frequency sound. 
 
Depending upon the intensity of the sound, the length of time of exposure and how often over time the 
ear is exposed to it, noise affects humans differently. Urban dwellers are besieged by noise, not only in 
the city streets but also in the busy workplaces and household noises. 
 
 Table 1.2.1: Recommended sound pressure levels for certain areas. 

Descriptor Limit Situation or effect 
LAeq, 24 70 dBA Negligible risk of hearing impairment 
LAeq, 8 75 dBA Negligible 
LAeq 30 dBA Excellent speech intelligibility 
LAeq  55 dBA Fairly good speech intelligibility 
LAeq 30 dBA No sleep disturbance in a bedroom 
LAmax 45 dBA No sleep disturbance – peak inside bedroom 
LAeq 55 dBA Residential areas, outdoors, daytime 
LAeq 45 dBA Residential areas, outdoors, night-time 

 
This time-varying characteristics of environmental noise are described using statistical noise 
descriptors: 
 
Leq:  The Leq is the constant sound level that would contain the same acoustic energy as the varying 
sound level, during the same period. 
 
LMax:   The instantaneous maximum noise level for a specified period. 
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LMin:   The instantaneous minimum noise level for a specified period. 
 
The following relationships occur for increases in A-weighted noise levels: 
 
• The trained healthy human ear can discern changes in sound levels of 1 dBA under controlled 

conditions in an acoustic laboratory; 
• It is widely accepted that the average healthy ear can barely perceive noise level changes of 3 

dBA; 
• A change in sound level of 5 dBA is a readily perceptible increase in noise level; 
• A 10-dBA change in the sound level is perceived as twice as loud as the original source. 
 
The difference between the actual noise and the ambient noise level and the time of the day and the 
duration of the activity, will determine how people will respond to sound and what the noise impact will 
be. To evaluate such, there must be uniform guidelines to evaluate each scenario. The SANS 10103 of 
2008 has laid down sound pressure levels for specific districts and has provided the following 
continuous noise levels per district as illustrated in Table 1.2.2.  
 
 Table 1.2.2: Recommended noise levels for different districts. 

 
Type of district 

 
Equivalent continuous rating level (LReq.T) for ambient noise – dBA 
 
Outdoors 

 
Indoors, with open windows 

 
Day-night 

LRdn 
Daytime 

LReqd 

 
Night-time 

LReqn 

 
Day-night 

LR.dn 

 
Daytime 

LReq.d 

 
Night-time 

LReq.n 
 
a) Rural districts 

 
45 

 
45 

 
35 

 
35 

 
35 

 
25 

 
b) Suburban districts with 
little road traffic 

 
50 

 
50 

 
40 

 
40 

 
40 

 
30 

 
c) Urban districts 

 
55 

 
55 

 
45 

 
45 

 
45 

 
35 

 
d) Urban districts with 
some workshops, with 
business premises and 
with main roads  

 
60 

 
60 

 
50 

 
50 

 
50 

 
40 

 
e) Central business 
district  

 
65 

 
65 

 
55 

 
55 

 
55 

 
45 

 
f) Industrial districts 

 
70 

 
70 

 
60 

 
60 

 
60 

 
50 

For industrial districts, the LR.dn concept does not necessarily hold. For industries legitimately operating in an industrial 

district during the entire 24h day/night cycle, LReq.d = LReq.n = 70dBA can be considered as typical and normal.  

 
The response to noise can be classified as follows: 
 
• An increase of 1dBA to 3dBA above ambient noise level will cause no response from the affected 

community. For a person with normal hearing an increase of 0dBA to  3 dBA will not be noticeable 
• An increase between 1dBA – 10dBA will elicit little to sporadic response. When the difference is 

more than 5 dBA above the ambient noise level a person with normal hearing will start to hear the 
difference. 

• An increase between 5dBA and 15 dBA will elicit medium response from the affected community. 
• An increase between 10dBA and 20 dBA will elicit strong community reaction. 
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Because there is no clear-cut transition from one community response to another as well as several 
variables, categories of responses can overlap. This should be taken into consideration during the 
evaluation of a potential noise problem. There is therefore a mixture of activities and higher noise levels 
as per the above recommended continuous rating levels within i.e. residential, industrial and feeder 
roads in proximity of each other. 
 
The ambient noise level will therefore differ throughout the study area, depending on the region and the 
measuring position in relation to areas with existing mining activities. People exposed to an increase in 
the prevailing ambient noise level will react differently to the noise levels and the response is given in 
Table 1.2.3. 
 
Table 1.2.3: Estimated community/group response when the ambient noise level is exceeded  

 
Excess )LReq,T1) 
 
 dBA 

 
Estimated community/group response 
 
Category 

 
Description 

 
0 
0-10 
5-15 
10-20 
>15 
 

 
None 
Little 
Medium 
Strong 
Very strong 

 
No observed reaction 
Sporadic complaints 
Widespread complaints 
Threats of community/group action 
Vigorous community/group action 

 
1)  Calculate )LReq,T from the appropriate of the following: 
 
a)  )LReq,T = LReq,T of ambient noise under investigation MINUS LReq,T  of the residual noise (determined in the absence of 
     the specific noise under investigation). 
 
b)  )LReq,T = Lreq,T of ambient noise under investigation MINUS the maximum rating level for the ambient noise given in  
     Table 1. 
 
c)  )LReq,T = LReq,T of ambient noise under investigation MINUS the typical rating level for the applicable district as  
      Determined from table 2. 

 

 
The difference between the actual noise and the ambient noise level will determine how people will 
respond to sound. 
 
 

2.  Study Methodology 
 
 

2.1 Instrumentation 
 
  Noise survey 
 

The noise survey was conducted in terms of the provisions of the Noise Control Regulations and the 
South African National Standards.  
 
The following integrated noise level meters were used in the noise survey: 
 
A. Larson Davis 831 

 
• Larsen Davis Integrated Sound Level meter Type 1 – Serial no. S/N 0001072; 
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• Larsen Davis Pre-amplifier – Serial no.PRM831 377B02; 
• Larsen Davis ½” free field microphone – Serial no. 0206 and 316581; 
• Certificate Number: 2021-AS-0108; 
• Date of Calibration: 3 February 2021. 

 
B. Larson Davis Sound Expert LXT 
 

• Larsen Davis Integrated Sound Level meter Type 1 – Serial no. S/N 0006037; 
• Larsen Davis Pre-amplifier – Serial no.PRM831 069946; 
• Larsen Davis ½” free field microphone – Serial no. 316345; 
• Certificate Number: 2019-AS-0585; 
• Date of Calibration: 27 July 2020. 

 

• Larson Davis Calibrator 200 – Serial no.9588. 
 
The instrument was calibrated before and after the measurements was done and coincided 
within 1.0dBA. Batteries were fully charged, and the windshield was always in place. 
 
The noise survey was carried out in terms of the Noise Control Regulations Section 16 being:  
 

“16 (1) Any person taking readings shall ensure that - 
 

(a) sound measuring instruments comply with the requirements for type I instrument in 
accordance with SABS-IEC 60651, SABS-IEC 60804 and SABS-I EC 60942 as the 
case may be; 

 
(b) the acoustic sensitivity of sound level meters is checked before and after every 

series of measurements by using a sound calibrator, and shall reject the results if 
the before and after calibration values differ by more than 1 dBA; 

 
(c) the microphones of sound measuring instruments are at all times provided with a 

windshield; 
 

(d) the sound measuring instruments are operated strictly in accordance with the 
manufacturer's instructions; and 

 
(e) sound measuring instruments are verified annually by a calibration laboratory for 

compliance with the specifications for accuracy of national codes of practice for 
acoustics, to comply with the Measuring Units and National Measuring Standards 
Act 1973 (Act No. 76 of 1973). 

 
(2)         The measuring of dBA values in respect of controlled areas, ambient sound levels 

                      or noise levels in terms of these regulations shall be done as follows: 
 

(a) outdoor measurements on a piece of land: By placing the microphone of an integrating impulse 
sound level meter at least 1,2 metres, but not more than 1,4 metres, above the ground and at least 3,5 
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metres away from walls, buildings or other sound reflecting surfaces”. The calibration certificates are 
attached as Appendix A. 
 
The measured ambient noise levels during the daytime and night-time periods will be the baseline 
ambient noise criteria for the study area and will be evaluated in terms of SANS 10103 of 2008. 
 
In Table 2.1 are the measuring points, wind speed and wind direction at each of the measuring points 
throughout the entire study area. 
 
Table 2.1:  Co-ordinates, wind speed and wind direction 

Position Co-ordinates 

Day time Night-time 
Wind 
speed – 
m/s  

Wind 
direction 

Wind 
speed – 
m/s  

Wind 
direction  

1 230 38.056’ S and 027033.690’E 1.2 NE 0.3 NW 
2 230 37.620’ S and 027029.769’E No wind No wind No wind No wind 
3 230 39.050’ S and 027029.359’E No wind No wind No wind No wind 
4 230 41.448’ S and 027029.332’E 0.8 NE No wind No wind 
5 230 42.368’ S and 027030.794’E 0.7 NE No wind No wind 
6 230 41.766’ S and 027033.186’E 1.0 NE No wind No wind 
7 230 41.237’ S and 027036.848’E 0.5 NE No wind No wind 
8 230 39.550’ S and 027035.823’E 0.9 NE No wind No wind 
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The measuring points (1 to 8) are illustrated in Figure 2.1. 
 

             Figure 2.1: Measuring points 

 
Figure 2.1: Measuring points 
 
The following were noise sources in the vicinity of and the boundaries of the study area: 

 
• Distant open cast mining activities; 
• Matimba and Medupi Power stations; 
• Near-by and distant traffic noise from the feeder roads; 
• Insects; 
• Birds; 
• Wind noise. 

 
3. Regulatory and Legislative Requirements 

 
 

3.1 Noise Control Regulations – Government Notice No. 55 of 14 January 1994 
 
These noise control regulations are applicable in Northwest Province and the main aspect of these 
regulations is that you may exceed the prevailing ambient noise levels by 7.0dBA before a noise 
disturbance is created. 
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3.2 South African National Standards – SANS 10103 of 2008 
 

 The South African National Standards provide the guidelines for the different recommended prevailing 
ambient noise levels and how to evaluate when a specific operation or activity is creating a noise 
disturbance and what reaction can be expected if a noise disturbance is created. 

  
 
3.3  South African National Standards – SANS 10210 of 2004 
 
 This national standard is used to calculate and predict road traffic noise which is associated when 
 there is a new development with the result that there will be additional vehicles to and from the 
 development. 
 
 
3.4 Environmental, Health and Safety Guidelines of the IFC of the World Bank 
  
  Guidelines are given for the reduction of noise sources for it to comply with the applicable 
 recommended ambient noise level of 70.dBA at the boundary of an industrial property. 
 
4. Description of the receiving environment 

 
 The landscape was flat with tall grass and trees between the measuring points and the existing 
opencast mine.  
  

5  Results of the noise survey 
 

The results of the noise survey for the day and night-time is illustrated in Table 5.1.  
 
 Table 5.1: Noise levels for the daytime and night-time periods 

 Daytime 

Remarks 

Night-time 

Remarks Position Leq-
dBA 

Lmax 
(Fast)- 
dBA 

Lmin 
(Fast) - 
dBA  

Leq- 
dBA 

Lmax 
(Fast)- 
dBA 

Lmin 
(Fast)- 
dBA  

1 39.4 61.9 19.7 Distant mining activities 31.6 54.3 18.7 Distant mining activities 

2 32.1 49.4 22.6 Distant mining activities 32.3 41.0 26.2 Distant mining activities 

3 29.9 46.9 23.3 Distant mining activities 35.3 47.8 30.4 Distant mining activities 

4 35.1 46.2 31.0 Distant mining activities, 
haulers & reverse signals 44.7 52.8 39.3 Distant mining activities 

5 40.7 51.4 33.3 Madupi, mining activities & 
traffic 45.3 54.6 42.3 Mining activities & Madupi 

6 48.3 58.7 41.1 Madupi, mining activities & 
traffic 44.8 51.1 42.5 Madupi 

7 49.6 62.6 38.8 
Traffic & Matimba. 
Measurement without 
traffic was 42.3dBA 

51.1 59.5 42.6 Traffic & Matimba 

8 39.6 46.1 35.7 Matimba 52.5 55.8 51.0 Matimba 

  
The noise levels for the day is illustrated in Figure 3.1.  
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Figure 5.1 – Daytime noise levels 
 
The noise levels for the night-time is illustrated in Figure 5.2. 
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Figure 5.2: Night-time noise levels 
 

The individual day and night-time noise levels for the measuring points are given in Appendix B. 
 

A low frequency sound analysis was done at measuring points 1 to 8 for the day and night periods. 
The results are illustrated in Table 5.2. The difference between the LCeq – LAeq value describes the low 
frequency content of the measured sound. The higher the value above 15.0, the lower frequency 
contents may be in the measured sound. 

 Table 5.2: Low frequency sound at the different measuring points 

Measuring points The low frequency contents of the sound is given in dB 
Daytime value (LCeq – LAeq ) Night-time value (LCeq – LAeq ) 

1 9.2 26.2 
2 10.4 20.7 
3 7.4 2.8 
4 19.3 1.5 
5 3.8 16.9 
6 14.0 1.3 
7 12.5 1.1 
8 19.5 16.1 
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6    Discussion of the pre-vailing noise levels   
  

Two aspects are important when considering potential impacts of noise: 
 

• The increase in the noise level, and; 
• The overall noise level produced. 
 
The following graph as given in Figure 6.1 illustrates the prevailing noise levels of 39.4dBA, 
32.1dBA,29.9dBA, 35.7dBA, 40.7dBA, 48.3dBA, 49.6dBA, 39.9dBA for the daytime and 31.6dBA, 
32.3dBA, 35.3dBA, 44.7dBA, 45.3dBA, 44.8dBA, 51.1dBA, and 52.5dBA for the night-time at the 
different measuring points with a north-easterly wind blowing during the day and a north-westerly wind 
of 0.3m/s during the night.  
 

 
Figure 6.1: Prevailing noise levels at the mine study area 
 

7. Conclusion and Recommendations 
 

The mining activity noise was audible during the day and the night at MPs 1 to 5 whereas there was a 
combination of mining activities and noise from Medupi power station at MP 6. The mining activity 
noise was perceived to be louder during the night-time periods at MPs1 to 5 due to lower temperature 
levels which created an inversion layer.  
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The prevailing ambient noise levels at the measuring points were in line with the noise levels expected 
along the boundaries of a mining area and did not exceed the 70.0dBA threshold value.  

 
 
Barend van der Merwe – MSc UJ 
Environmental Noise Specialist 
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8.  List of Definitions and Abbreviations 

 
  Definitions 
 

Ambient noise 
The totally encompassing sound in a given situation at a given time and usually composed of sound 
from many sources, both near and far 
 
A-weighted sound pressure level (sound level) (LpA), in decibels 
The A-weighted sound pressure level is given by the equation: 
 
LpA = 10 log (pA/po)2 
 
Where 
 

      pA is the root-mean-square sound pressure, using the frequency weighting network A in pascals; 
and 
 

      po is the reference sound pressure (po = 20 μPa). 
 
NOTE   The internationally accepted symbol for sound level is dBA. 
 
Distant source 
A sound source that is situated more than 500 m from the point of observation 
 
Equivalent continuous A-weighted sound pressure level (LAeq,T), in decibels 
The value of the A-weighted sound pressure level of a continuous, steady sound that, within a 
specified time interval T, has the same mean-square sound pressure as a sound under consideration 
whose level varies with time. It is given by the equation 
 

L
t t

p t

p
dtAeq T

A

o
t

t

, log
( )

=
−
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Where 
             LAeq,T is the equivalent continuous A-weighted sound pressure level, in decibels, determined over a 

time interval T that starts at t1 and ends at t2; 
 

             po is the reference sound pressure (po = 20 μPa); and 
 

             pA(t) is the instantaneous A-weighted sound pressure of the sound signal, in pascals. 
 

Impulsive sound 
Sound characterised by brief excursions of sound pressure (acoustic impulses) that significantly 
exceed the residual noise 
 
Initial noise 
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The component of the ambient noise present in an initial situation before any change to the existing 
situation occurs 
 
Intelligible speech 
Speech that can be understood without undue effort 
 
Low frequency noise 
Sound, which predominantly contains frequencies below 100 Hz 
 
Nearby source 
A sound source that is situated at a distance of 500 m or less from the point of observation 
 
Residual noise 
The ambient noise that remains at a given position in a given situation when one or more specific 
noises are suppressed 
 
Specific noise 
A component of the ambient noise which can be specifically identified by acoustical means, and which 
may be associated with a specific source 
NOTE   Complaints about noise usually arise as a result of one or more specific noises. 
 
 Ambient sound level 
 Means the reading on an integrating impulse sound level meter taken at a measuring point in the 
absence of any alleged disturbing noise at the end of a total period of at least 10 minutes after such 
meter was put into operation. 
 
Disturbing noise  
 
Means a noise that causes the ambient noise level to rise above the designated zone level by 7.0dBA 
or if no zone level has been designated, the typical rating levels for ambient noise in districts, indicated 
in table 2 of SANS 10103. 
 
Noise nuisance 
 
Means any sound which disturbs or impairs the convenience or peace of any person 

 
       Abbreviations 

 
dBA – A-weighted sound pressure level; 
 
IFC – International Finance Corporation; 
 
Km/h - Kilometers per hour; 
 
Kg/m3 – Kilogram per cubic meter; 
 
NSAs – Noise sensitive areas; 
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m/s – meters per second; 
 

LBasic – Basic noise level in dBA; 
 
SANS – South African National Standards; 
 

9 References: 
 
Botteldoorn et al, 2006 - Botteldooren, D., B. De Coensel & T. De Muer 2006: The temporal structure 
of urban soundscapes. Journal of sound and vibration, 292, 105 -123; 
 
Environmental, Health and Safety Guidelines for Community Noise and Mining, World Health 
Organisation, Geneva, 1999; 
 
Environmental, Health and Safety (EHS) Guidelines, World Health Organisation, Geneva, 1999; 
 
Google Earth – Aerial photos; 
 
Noise Control Regulations – Government Notice No. 55 of 14 January 1994 promulgated under the 
Environment Conservation Act, 1989(Act73 of 1989); 
 
Rogers and Manwell, 2002, The effects of wind power. Wind Turbine Noise Issues Renewable Energy 
Research Laboratory; 
 
Soederlund & Sikstroem, 2008 - Positive effects of noise on cognitive performance: Explaining the 
moderate brain arousal model. 
http://www.icben.org/proceedings2008/pdfs/soederlund_sikstroem.pdf, Accessed 20 August 
2010. 
 
SANS 10103 of 2008 – The measurement and rating of environmental noise with respect to land use, 
health, annoyance and to speech communication; 
 
SANS 10210 of 2004 – Calculating and predicting road traffic noise; 
 
Woods Practical Guide to Noise Control, Sharland Ian, 1972 
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APPENDIX I: VIBRATION AND BLAST STUDY 
Monitoring the Effect of Ground Vibration and Airblast at areas surrounding Grootegeluk 
Opencast Mine (August 2005) 
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1. Executive Summary 
 
A project was done to investigate the levels of ground vibration and airblast experienced at two 
farms west of the Grootegeluk Opencast mine.  Three monitors were placed in permanent stations to 
monitor the ground vibration and airblast yielded by blasting operations. One monitor was placed 
on the perimeter and two on the farms in question.  
 
The monitor on the mine boundary registered events that showed proper ground vibration and 
airblast characteristics. Much of these were matched with actual blast operations done. The two 
farm monitors did not register any ground vibration or airblast that can be attributed to blasting 
operations done over the period of the project.  
 
Ground vibration and airblast generated due to blasting operations are significantly less than the 
levels required for inducing damage to structures. It is there accepted that the claimed damage 
cannot be attributed to the effect of blasting. The two farms are to far away from the blasting 
operations.   
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3. Introduction 
 
Blast Management & Consulting (BM&C) was contracted to investigate the influence of blasting 
operations as done at Grootegeluk Opencast mine at two specific locations. The investigations were 
done on two farms adjacent to the opencast mine. 
Grootegeluk Opencast mine is an operation of Kumba Resources situated 20 km due west of 
Ellisras in the Limpopo Province. Grootegeluk is a large coal producing operation delivering 14 482 
000 ton thermal, coking and metallurgical coal per annum. Grootegeluk opencast mine is a typical 
drill and blast operation. The various grades and types of coal is mine in benches after the main 
overburden was removed.   
 
Blast Management and Consulting CC (BM&C) is a consulting company to the blasting and mining 
industry. BM&C concentrates on the monitoring, prediction, analysis and auditing on aspects like 
ground vibration and airblast. BM&C consults in various forms and methods to the industry in the 
hard rock and coal environment. 
 
Ground vibration and airblast was monitored over a period of just more than two months at three 
different locations. The first point was located on the mine boundary and the other two located on 
farms west of the mine property. The two positions considered on the farms were due to complaints 
of damage by the two farmers in question. Farmers complained about the damage to cement dams 
that are located on the farms. Grootegeluk personnel identified the dams on the two farms. The two 
farms are the property of Mr. Steenkamp and Mr. Erasmus.  
 
4. Objectives 
 
The objective of this project was to determine what the influence of the blasting operations is at the 
farms that were monitored. The results obtained needs to give indication of potential of damage at 
the points monitored. This potential damage will then be related to the probability that blasting 
operations could have caused the damage done.  
 
The objective of this report is to report all results recorded for the various monitors. Provision of 
analysis of all results according to accepted standard criteria for probability of damage. Provision of 
all the data in a proper manner to be understandable and clear about the project done. Lastly to 
provide any recommendation that may be applicable and conclusions on the results obtained.  
 
5. Background 
 
In light of the scope of work to determine the influence of blasting operations on the surrounding 
areas it is required to quantify the specific blast parameters and factors of influence.  
 
5.1. Ground Vibration 
 
Blast operations done in any environment is a complex combination of various inputs in order to 
achieve a specific result. It is a fact that blast operations do have an effect on its immediate 
surrounding area. The question is how far is this surrounding area? It is like a stone thrown into a 
pool of water, it forms ripples that run outwards away from the center point. How far does these 
ripples continue and to what intensity? It is a question of understanding the process, measurement 
of the process and then evaluating the process for conformance to legal and general good neighbor 
relationships.  
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5.1.1. The Detonation Process 
 
In order to understand and realize the process of vibrations and air blast is it worthwhile to take a 
step back and understand where it begins. 
 
We know that the basics of breaking rock are utilizing the energy capacity of an explosive in the 
blast hole. The energy capacity varies, as there are different types and compositions of explosives. 
How this energy work for us is dependent on a few factors like rock type, burdens, spacing, quantity 
etc.  But what is the initial process of any explosive or what do we expect to happen in the first few 
milliseconds when an explosive is initiated? 
 
Rock is affected by detonating explosives in three principal stages.  
Firstly the detonating explosives due to the high pressures generated upon detonation crush the 
blasthole walls. This process will start at the point of initiation. Initially the blasthole is opened to 
twice the volume and will stay at this for about 0.1 to 0.4 milliseconds. 
 
The second phase would consist of compressive stress waves emanating in all directions from the 
blast hole with a velocity equal to the sonic wave velocity in the rock. When these compressive 
stress waves reflect against a free rock face, tensile stresses is formed between the blast hole and the 
free face. If the tensile strength of the rock is exceeded the rock breaks in the burden area.  
 
In the third phase the released gas volume, which was generated by the detonated explosives, is 
forced into the cracks, expanding the cracks. Correct calculation of distance between blast hole and 
free face will allow the rock mass to yield to these pressures and be thrown forward.  
 
The total reaction of the explosives in the blast hole is very fast. The effective work of the explosive 
is considered done when the volume of the blast hole have expanded to 10 times its original 
volume. This takes approximately 5 milliseconds. 
 
5.1.2. Characteristics of blast vibrations  
 
We know that vibrations are caused by the transmission of shock waves from the detonating 
explosive charge through the medium that is blasted. The vibration or seismic waves will spread 
radially from the source decaying rapidly as distance increases.  
What are the components of these shock waves? 
There are three main categories of explosion-generated waves: 1. Compressive, 2. Shear, and 3. 
Surface waves. In order to obtain these motions completely three perpendicular 
components/directions must be measured. 1. The longitudinal / Radial, 2. Transverse and 3. Vertical 
direction. The longitudinal is usually orientated along a horizontal radius to the explosion. The 
transverse and vertical is then perpendicular to the radial. 
 
The three main categories are then divided into two varieties: body waves and surface waves. Body 
waves propagate through the body of the rock and soil and surface waves is transmitted along the 
upper ground surface. The most important surface wave is the Raleigh wave (R). Body waves 
consist again off compressive waves (P) and shear waves (S). 
 
Explosions produce mainly body waves at short distances. These body waves propagate outwards in 
a spherical manner until they intersect with a different rock layer or the surface. At such 
intersections is shear and surface waves produced. At small distances all three types of waves will 
arrive together. At long distances the slower moving shear and surface wave will separate from the 
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body waves.  All three these wave types produce radically different wave types and patterns of 
motion of soil and rock particles. Structures built on soil or rock will be deformed differently by 
each type of wave. 
 
5.2. Airblast and Sound 
 
Explosions generate pressure waves and are called Airblast. These pressure waves can also be 
described with time histories like vibration where the amplitude is air pressure instead of particle 
velocity. Two groups of frequencies can be described: Higher frequencies, which are the audible 
part of the pressure wave and the lower frequencies, which is the inaudible part of the pressure 
wave. It is this inaudible part that excites structures and in turn causes a secondary and audible rattle 
within a structure. 
 
There are mainly three factors of interest regarding air blasts. 

1.  By themselves or in combination with ground vibration, air blasts can produce structural 
motions that may lead to crack propagation in walls, 

2.  Air blasts may crack windows, however pressures would have to be very high, 
3.  Human response to air blast, human reaction is the most intriguing, yet the most difficult to 

analyze quantitatively. 
 
Previous research has shown that noise within a structure is the source of many complaints. Even at 
very low levels of ground vibration. The rattle of loose objects due to structure and wall motions 
which are induced by air blasts or sonic booms startle the occupants. Human response is often more 
intense inside than outside the structure. This is mainly due to the sound produced inside the 
structure by the structure itself. 
 
Two distinct units are used to report sound, pressure or decibels (dB). Pressure is the phenomenon 
that is measured by any sound or air blast transducer. Traditionally sound has been reported as 
decibels due to the wide range of amplitudes and frequencies that are detectable by the human ear. 
Pressures reported are often called “overpressures” to indicate that the pressure measured is that 
above atmospheric pressure. Sound pressure is translated into decibel scale by the following 
equation: 

dB = 20 log10(P/Po)  
Where: P =Measured peak sound  

Po = is a reference pressure. (20x10-6 N/m2). [1] 
 
Intensity of the audible part of explosions spans that of pneumatic chippers to jets taking off. 
Pneumatic chippers typically have a sound pressure level of 100dB and that of jets taking off are 
typically 125dB. It is important to note that peak air blast only lasts a fraction of a second and is not 
as continuous as the noise from a pneumatic chipper. 
 
Other typical sound pressure levels for every day activities are:  
Average street traffic   - 84 dB 
Business office   - 65 dB 
The living room   - 40 dB 
A pop group   - 110 dB 
The threshold of pain  - 140 dB or  
A jet engine    - 140 dB (25m away) 
 
The three main causes of air blasts can be observed as: 
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1.  Direct rock displacement at the blast; the air pressure pulse (APP), 
2.  Vibrating ground some distance away from the blast; rock pressure pulse (RPP), 
3.  Venting of blast holes or blowouts; the gas release pulse (GRP). 
 

An APP is produced by each blast, thus each delay produces its own spike. The spikes begin to 
grow together with increasing distance. 
An RPP is generated by the vertical vibrations of the ground and arrives simultaneously with the 
ground vibration. RPP is normally smaller than APP. 
GRP is dependent on the possibility of blowouts and the height individual spikes are controlled by 
the GRP. Blowouts are usually responsible for unexpected high blast noise. This venting is often the 
result of inadequate stemming of blast holes. Another common but controllable source of GRP’s is 
uncovered detonating cord. 
 
6. Safe Blasting Criteria 
 
6.1. Ground Vibration: 
 
Levels of ground vibration recorded are reviewed according to the following criteria for 
conformance to safe blasting practices:  
Actual levels at critical points: Ground vibration and air levels monitored for each blast and levels 
recorded must be within the specific limit for the critical point. E.g. steel pipelines have a limit of 
50 mm/s. General structures have a limit of 25 mm/s for frequency of ground vibration greater than 
10 Hz and 12.7 mm/s for frequency of ground vibration less than 10Hz.   
Further criteria for general structures are the USBM (United States Bureau of Mines) analysis and 
criteria for safe blasting. Figure 1 shows the outline of the OSM / USBM criteria for safe blasting 
limits (OSM - Office of Surface Mining & USBM - United Stated Bureau of Mines). The graph is 
mainly divided into two areas. Below the dotted and solid line is the safe blasting area. Above this 
line is the unsafe blasting area. On recording of ground vibration the data is analyzed for the 
frequency at which the vibration occurs. Performing standard mathematical frequency procedures 
amplitudes per frequency range is established. Appearance of the results from the calculations will 
then indicate whether a particular blast conducted yielded ground vibration according to safe 
blasting criteria or not. It must be noted that it is not a fact that damage will occur but rather that the 
probability increase with crossing of the safe blasting criteria boundary. The data taken to generate 
this criterion was accumulated over quit e a few years by researchers worldwide. The USBM 
analysis criteria are currently being used as standard for South Africa. 
 
 
 
 
 
 
 
(Intentionally left open) 
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Figure 1: USBM analysis graph used for safe blasting criteria. 
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6.2. Air Blast 
 
Based on work carried out by Siskind et.al. (1980), monitored air blast amplitudes up to 135 dB are 
safe for structures, provided the monitoring instrument is sensitive to low frequencies (down to 1 
Hz).  Person et.al. (1994) have published the following estimates of damage thresholds based on 
empirical data. 
 
Table 1.  Damage limits for air blast. 
 

120 dB Threshold of pain for continuous sound 
>130 dB Resonant response of large surfaces (roofs, ceilings).  Complaints start. 
150 dB Some windows break 
170 dB Most windows break 
180 dB Structural Damage 

 
Limit on air blast currently applied in South Africa is 134 dB. This is specifically pertaining to air 
blast or otherwise known as air-overpressure. This takes into consideration where public is of 
concern.  
 
6.3. Human Perceptions  
 
One aspect that is directly related to the ground vibration generated by blasting is the Human 
Perception. Three basic levels of perception have been tested by researchers. Basic levels identified 
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were Perceptible, Unpleasant and Intolerable. Viewing figure 2 it is clear that humans will feel 
ground vibration at very low levels for specific frequencies of ground vibration. It is clear that 
initial perceptible levels are significantly less than levels with increased probability of damage to 
structures.  
 
Figure 2: Levels of perception with USBM Criteria 
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7. Project Work  
 
The following work was done on this project in order to obtain the final results.  
 
7.1. Monitoring Program 
 
A monitoring process was put in place that monitored the two farms and one close to the mine. 
Monitors used were Instantel Minimate Blasters. Ground vibration is measured on a tri-axial 
arrangement of velocity transducers and air blast by means of air blast microphone. Standard 
analysis software is used for analysis with inclusion of USBM analysis of vibration levels and 
vibration frequency. Each monitor was placed in a steel cage which was fixed to a cement plinth 
prepared and laid for this project. The geophone sensors were fixed to the plinth and the airblast 
microphone inserted in a tube that was open and facing in the direction of the mine. Systems were 
set to monitor daily from 07:00 to 19:00. At 19:00 the monitors switched off to conserve battery 
power and switched on again at 07:00. Monitors were visited on a two weekly basis for data 
download and change of batteries. The period of monitoring was form 09th June 2005 till the 15th 
August 2005.  
 
Setup information and locations for each monitor position is given in table 2 below.  
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Table 2: Instrumentation Setup. 
 
Seis. Location Notes Lat Lon Trig. PV Trig. dB  Rec. Time 

Point 1 Erasmus S23.66766 E27.45665 1.0 120 5 
Point 2 Steenkamp  S23.64455 E27.45420 1.0 120 5 
Point 3 Mine Boundary S23.67128 E27.51696 1.5 120 5 

 
Explanation of column headings: 
Seis. Location: Position of Ground Vibration Monitor 
Notes:    Farm Owner 
Lat / Lon:  Handheld GPS position of point 
Trig. PV:  Trigger Peak Particle velocity (mm/s) 
Trig. DB:  Peak Air Blast Recorded (dB)  
Rec. Time:  Record time length after trigger (s) 
 
Photo 1: Shows Seismograph installation  
 

 
 
 
 
 
 
 
(Intentionally left open) 
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Photo 2: Shows Seismograph installation at the Steenkamp farm. 
 

 
 
Photo 3: Shows seismograph installation at the Erasmus Farm. 
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7.2. Data Records and Blast Reports 
 
Following tables summarises all data recorded, blast reports received, matching between blast 
reports and data recorded count of ground vibration and / or airblast events recorded at the various 
monitoring points.  
Table 3 below shows the ground vibration and airblast data as recorded at the applicable monitor. 
This data is all data that indicated true characteristics of ground vibration or airblast.  
 
Table 3: Ground Vibration and / or Airblast events recorded for the project period. 
 

Date Time SSU 
Location 

L-
PPV 

T- 
PPV 

V-
PPV 

L-
Freq 

T-
Freq 

V-
Freq 

RPPV dB 

09/06/2005 13:37 Mine 
Boundary 

0.13 0.13 0.13 >100 *** >100 0.22 122.70 

10/06/2005 13:30 Mine 
Boundary 

15.00 7.87 24.00 10.70 22.30 13.80 25.40 147.50 

13/06/2005 13:49 Mine 
Boundary 

2.16 2.29 1.65 6.92 6.17 6.48 2.79 122.60 

14/06/2005 13:32 Mine 
Boundary 

4.95 2.41 8.38 10.00 19.70 5.69 8.39 126.80 

15/06/2005 13:34 Mine 
Boundary 

6.48 8.76 5.21 6.65 8.98 13.50 9.21 123.40 

16/06/2005 09:54 Mine 
Boundary 

11.70 10.30 13.50 20.50 15.10 20.50 13.80 146.00 

20/06/2005 13:34 Mine 
Boundary 

2.16 2.29 1.90 8.83 5.07 16.00 3.10 122.00 

21/06/2005 13:36 Mine 
Boundary 

0.38 0.25 0.51 30.10 >100 18.30 0.54 131.50 

22/06/2005 13:32 Mine 
Boundary 

1.90 1.52 1.02 6.24 4.13 5.51 2.52 127.10 

23/06/2005 13:46 Mine 
Boundary 

1.27 1.27 2.29 9.31 15.10 5.45 2.37 125.30 

24/06/2005 15:18 Mine 
Boundary 

13.00 14.20 9.91 17.10 16.00 21.30 19.20 144.90 

01/07/2005 13:28 Mine 
Boundary 

0.13 0.13 0.13 >100 >100 >100 0.22 128.70 

02/07/2005 09:21 Mine 
Boundary 

2.92 3.05 1.27 4.61 4.03 18.30 3.94 125.40 

04/07/2005 13:41 Mine 
Boundary 

0.25 0.13 0.38 >100 *** *** 0.42 133.90 

05/07/2005 13:43 Mine 
Boundary 

3.30 3.05 2.54 15.10 9.31 5.69 4.07 136.70 

06/07/2005 13:44 Mine 
Boundary 

4.57 5.84 3.17 21.30 13.80 16.50 6.65 128.00 

07/07/2005 13:40 Mine 
Boundary 

0.25 0.13 0.25 >100 *** >100 0.28 133.60 

08/07/2005 13:35 Mine 
Boundary 

0.89 0.38 2.41 8.26 9.85 6.65 2.43 126.50 

09/07/2005 09:47 Mine 
Boundary 

3.43 5.46 4.57 12.20 14.60 9.66 6.39 138.70 

11/07/2005 13:41 Mine 
Boundary 

1.65 0.64 4.57 5.69 *** 6.02 4.64 125.70 

12/07/2005 13:42 Mine 
Boundary 

0.13 0.13 0.13 >100 >100 *** 0.22 124.50 

12/07/2005 14:05 Mine 
Boundary 

0.13 0.13 0.13 >100 >100 >100 0.22 123.20 

13/07/2005 13:40 Mine 0.13 0.13 0.25 >100 >100 >100 0.28 126.40 



Blast Management & Consulting Page 13 of 23 GG~Jun2005BV 
 

Boundary 
18/07/2005 14:51 Mine 

Boundary 
2.16 0.89 5.84 6.56 8.83 6.10 5.89 123.20 

19/07/2005 13:45 Mine 
Boundary 

1.65 2.03 1.90 4.97 5.69 6.32 2.69 120.40 

20/07/2005 13:56 Mine 
Boundary 

2.79 3.56 3.05 5.07 12.20 19.00 4.04 121.90 

21/07/2005 14:01 Mine 
Boundary 

1.90 2.03 2.41 16.50 11.60 13.80 2.62 133.70 

22/07/2005 13:49 Mine 
Boundary 

0.13 0.13 0.13 >100 >100 >100 0.22 120.50 

25/07/2005 13:37 Mine 
Boundary 

6.86 5.46 3.94 9.85 9.85 18.30 7.25 134.90 

26/07/2005 13:57 Mine 
Boundary 

4.83 4.95 8.00 16.00 15.10 16.00 8.63 136.90 

27/07/2005 14:53 Mine 
Boundary 

5.84 3.17 4.19 21.30 16.00 16.50 5.93 143.90 

29/07/2005 13:36 Mine 
Boundary 

0.13 0.13 0.13 >100 *** >100 0.18 123.80 

01/08/2005 13:57 Mine 
Boundary 

7.62 4.32 14.90 16.50 23.30 15.10 15.00 143.60 

02/08/2005 13:51 Mine 
Boundary 

0.13 0.13 0.13 >100 *** >100 0.22 129.10 

04/08/2005 13:40 Mine 
Boundary 

1.52 1.02 0.89 16.50 23.30 19.70 1.53 127.80 

05/08/2005 13:57 Mine 
Boundary 

15.00 7.75 8.25 13.10 11.40 17.10 16.30 131.80 

05/08/2005 14:10 Mine 
Boundary 

4.83 2.92 6.86 17.10 16.00 11.40 6.89 143.20 

08/08/2005 13:50 Mine 
Boundary 

1.02 0.51 1.78 12.20 11.90 7.11 1.80 122.10 

10/08/2005 13:38 Mine 
Boundary 

24.50 13.20 13.80 16.50 12.50 15.50 27.50 133.40 

12/08/2005 14:06 Mine 
Boundary 

1.90 2.16 1.02 13.10 7.88 12.50 2.67 121.50 

12/08/2005 14:21 Mine 
Boundary 

5.33 3.68 4.32 13.80 16.00 9.14 6.32 134.90 

13/08/2005 09:44 Mine 
Boundary 

1.27 1.02 1.65 17.70 13.80 15.10 1.81 129.20 

 
Explanation of column headings: 
Date:   Date event recorded 
Time:   Time event recorded 
SSU Location:  Position of Ground Vibration Monitor 
L, T & V-PV:  Longitudinal, Transverse & Vertical peak particle velocities (mm/s) 
L, T & V-FR:  Longitudinal, Transverse & Vertical dominate frequencies (Hz) 
RPPV:   Resultant Peak Particle velocity (mm/s) 
dB:   Peak Air Blast Recorded (dB) 
 
Table 4 below shows the statistical summary for the data recorded. Minimum, maximum, average 
and mode are indicated in the table for the data registered.  
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Table 4: Statistical data of events recorded. 
 

Stats: L-PPV T- PPV V-PPV L-Freq T-Freq V-Freq RPPV dB 
Minimum 0.13 0.13 0.13 4.61 4.03 5.45 0.18 120.40 
Maximum 24.50 14.20 24.00 30.10 23.30 21.30 27.50 147.50 
Average 3.96 3.08 4.08 12.82 12.65 12.75 5.59 130.16 

Mode 0.13 0.13 0.13 16.50 16.00 18.30 0.22 123.20 
 
Table 5 shows all data extracted from blast reports for the blasts done during the period of the 
project. Specific information was used that is applicable to making any conclusion on the results 
obtained from the seismographs.  
 
Table 5: Summary of blast reports for blasts done during the project period. 
 

Bench Bench 
Height 

(m) 

Date Blast 
No. 

Qty. 
Blast 
holes 

BH Dia. 
(mm) 

Burden 
(m) 

Spacing 
(m) 

Avg. 
Depth 
(m) 

Survey 
Tons 
(ton) 

Hef 
206 
(kg) 

Ton / 
Kg 

(t/kg) 

Charge / 
Blasthole 

(kg) 

Drill 
meters 

(m) 

BANK 
6 

3.8 02/06
/2005 

6/76/
05 

117 171 4.0 8.0 4.5 32308 4100 7.9 35.04 526.5 

BANK 
2 

16 02/06
/2005 

2/77/
02 

395 149 5.4 6.4 15.6 181338 51250 3.5 129.75 6162.0 

BANK 
10 

4 04/06
/2005 

10/75
/11 

206 172 5.0 5.0 5.0 68600 8250 8.3 40.05 1030.0 

BANK 
7A 

6 04/06
/2005 

7A/7
6/07 

239 171 6.8 7.3 5.8 140958 15800 8.9 66.11 1386.2 

BANK 
1A 

15 07/06
/2005 

1A/7
6/06 

222 171 6.8 7.3 11.9 797435 65100 12.2 293.24 2641.8 

BANK 
10 

4 08/06
/2005 

12/01
/06 

252 102 4.3 4.7 13.0 162500 45550 3.6 180.75 3276.0 

BANK 
8 

4 08/06
/2005 

8/75/
03 

301 171 4.0 8.0 4.5 106457 9050 11.8 30.07 1354.5 

BANK 
6 

3.8 13/06
/2005 

6/76/
06 

290 171 4.0 8.0 4.5 77408 11100 7.0 38.28 1305.0 

BANK 
3 

15.5 13/06
/2005 

3/76/
01 

200 171 7.5 8.7 16.8 352842 66070 5.3 330.35 3360.0 

BANK 
4 

16.5 15/06
/2005 

4/76/
03 

179 171 7.5 8.7 18.0 427703 87850 4.9 490.78 3222.0 

BANK 
2 

16 16/06
/2005 

2/77/
01 

373 149 5.9 6.4 16.3 355770 112450 3.2 301.47 6079.9 

BANK 
5 

17.8 20/06
/2005 

5/76/
01 

242 171 7.5 8.7 17.3 554204 101750 5.4 420.45 4186.6 

BANK 
7A 

6 21/06
/2005 

7A/7
6/06 

268 171 6.8 7.3 5.6 147260 15300 9.6 57.09 1500.8 

BANK 
9A 

2.5 24/06
/2005 

9A/7
6/04 

265 171 6.0 6.0 2.8 49389 5000 9.9 18.87 742.0 

BANK 
10 

4 24/06
/2005 

10/75
/12 

514 172 5.0 5.0 4.2 149814 27350 5.5 53.21 2158.8 

BANK 
11 

4.5 24/06
/2005 

11/75
/10 

425 149 5.0 6.0 3.5 68400 22750 3.0 53.53 1487.5 

BANK 
9B 

5.2 24/06
/2005 

9B/76
/05 

350 171 4.0 4.5 4.8 53630 12250 4.4 35.00 1680.0 

BANK 
9B 

5.2 24/06
/2005 

9B/76
/06 

435 171 4.0 4.5 4.6 58561 10800 5.4 24.83 2001.0 

BANK 
10 

4 27/06
/2005 

12/01
/07 

146 102 4.3 4.7 13.0 103750 34200 3.0 234.25 1898.0 

BANK 
10 

4 30/06
/2005 

12/01
/10A 

585 102 3.0 3.0 1.0  3300 0.0 5.64 585.0 

BANK 
1A 

15 30/06
/2005 

1A/7
6/05 

275 171 6.8 7.3 11.6 452399 56100 8.1 204.00 3190.0 

BANK 
7A 

6 02/07
/2005 

7A/7
6/05 

222 171 6.8 7.3 5.8 144494 13000 11.1 58.56 1287.6 

BANK 
3 

15.5 02/07
/2005 

3/77/
02 

195 171 7.5 8.7 16.6 398184 73100 5.4 374.87 3237.0 

BANK 
2 

16 05/07
/2005 

2/77/
03 

293 149 5.9 6.4 15.0 301785 75550 4.0 257.85 4395.0 

BANK 2.5 07/07 9A/7 186 171 6.0 6.0 2.6 30912 3350 9.2 18.01 483.6 
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9A /2005 6/03 

BANK 
6 

3.8 07/07
/2005 

6/76/
04 

420 171 4.0 8.0 4.3 102008 14300 7.1 34.05 1806.0 

BANK 
1A 

15 09/07
/2005 

1A/7
6/04 

254 171 6.8 7.3 10.1 488457 52200 9.4 205.51 2565.4 

BANK 
9B 

5.2 11/07
/2005 

9B/76
/04 

603 102 4.0 4.5 4.5 68992 9650 7.1 16.00 2713.5 

BANK 
10 

4 12/07
/2005 

12/Se
konde

r 

2828 102 3.0 3.0 1.2  25250 0.0 8.93 3393.6 

BANK 
10 

4 13/07
/2005 

10/75
/13 

345 171 5.0 5.0 6.5 157686 23850 6.6 69.13 2242.5 

BANK 
9B 

5.2 18/07
/2005 

9B/76
/03 

301 171 5.0 6.0 4.5 77699 5850 13.3 19.44 1354.5 

BANK 
3 

15.5 19/07
/2005 

3/77/
01 

204 171 7.5 8.7 16.6 201996 71500 2.8 350.49 3386.4 

BANK 
8 

4 20/07
/2005 

8/76/
06 

485 171 4.0 8.0 3.9 172437 13800 12.5 28.45 1891.5 

BANK 
4 

16.5 20/07
/2005 

4/76/
02 

275 171 7.5 8.7 17.6 628221 109850 5.7 399.45 4840.0 

BANK 
5 

17.8 20/07
/2005 

5/77/
02 

209 171 7.5 8.7 16.2 389469 75100 5.2 359.33 3385.8 

BANK 
10 

4 21/07
/2005 

12/02
/01 

220 102 3.0 3.0 13.0 325000 48000 6.8 218.18 2860.0 

BANK 
1A 

15 21/07
/2005 

1A/7
6/03 

275 171 6.8 7.3 11.0 553044 59300 9.3 215.64 3025.0 

BANK 
9A 

2.5 22/07
/2005 

9A/7
6/02 

355 171 6.0 6.0 2.2 49878 6150 8.1 17.32 781.0 

BANK 
11 

4.5 25/07
/2005 

11/75
/12 

280 171 5.0 6.0 3.7 130766 5600 23.4 20.00 1036.0 

BANK 
1B 

12 25/07
/2005 

1B/76
/06+0

7 

718 171 5.0 5.0 3.5 154944 17650 8.8 24.58 2513.0 

BANK 
2 

16 25/07
/2005 

2/77/
04 

369 149 5.9 6.4 15.6 265825 79600 3.3 215.72 5756.4 

BANK 
4 

16.5 27/07
/2005 

4/76/
01 

255 171 7.5 8.7 18.2 586040 99559 5.9 390.43 4641.0 

BANK 
6 

3.8 28/07
/2005 

6/76/
03 

369 171 4.0 8.0 3.9 79680 12200 6.5 33.06 1439.1 

BANK 
10 

4 29/07
/2005 

12 
SUM

P 

18 149 3 3 7 58500 2100 27.9 116.67 126.0 

BANK 
7B 

1.5 02/08
/2005 

7B/76
/06 

423 171 6 6 1.79 32578 4650 7.0 10.99 757.2 

BANK 
11 

4.5 02/08
/2005 

11/75
/12 

170 171 5 6 3.7  2050 0.0 12.06 629.0 

BANK 
2 

16 04/08
/2005 

2/77/
04 

426 171 5.9 6.4 15.6 149800 51400 2.9 120.66 6645.6 

BANK 
8 

4 05/08
/2005 

8/76/
05 

310 171 4 8 3.9 108000 9250 11.7 29.84 1209.0 

BANK 
1B 

12 05/08
/2005 

1B/76
/06 

496 171 5 5 4.9 124280 12600 9.9 25.40 2430.4 

BANK 
2 

16 05/08
/2005 

2/77/
05 

384 171 5.9 6.4 16.7 409932 110350 3.7 287.37 6412.8 

BANK 
10 

4 08/08
/2005 

10/75
/14 

212 171 5 5 6.2 83886 14350 5.8 67.69 1314.4 

BANK 
9B 

5.2 08/08
/2005 

9B/76
/02 

384 171 5 6 4.6 90136 1950 46.2 5.08 1766.4 

BANK 
1A 

15 08/08
/2005 

1A/7
6/02 

276 171 6.8 7.3 13 511578 61950 8.3 224.46 3588.0 

BANK 
1B 

12 09/08
/2005 

1B/76
/05 

544 171 5 5 4.9 187854 12700 9.8 23.35 2665.6 

BANK 
4 

16.5 13/08
/2005 

4/77/
02 

232 171 7.5 8.7 17 448776 78300 5.7 337.50 3944.0 

 
Using the blast report data and the actual ground vibration and airblast events recorded a table was 
drawn up to match the specific seismograph event s with an actual blast done. This procedure is 
done to obtain an indication of which blasts yielded the highest ground vibration or airblast. 
Seismographs store data with specific date and time stamp which makes it feasible to match with 
specific blasts if date and time is available. Unfortunately the time of blasts were not noted but from 
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the data observed most of the blasts were done between 13: 15 and 14:00. It was found that some 
blast could not be matched where there is no event registered. In these cases the blasts were too far 
to yield levels greater than the set trigger limits on the seismograph. In some cases events were 
registered with no specific blast report provided. This is not particular problematic as the ground 
vibration and airblast results is mostly of concern here.  
 
Table 6: Summary of matching blast reports with events recorded. 
 

Blast Info. Ground Vibration and Airblast info. 
Date Bench Blast No. Blast ratio Date Time SSU Location RPPV dB 

02/06/2005 BANK 2 2/77/02 3.5 09/06/2005 13:37 Mine Boundary 0.22 122.70 

02/06/2005 BANK 6 6/76/05 7.9 10/06/2005 13:30 Mine Boundary 25.40 147.50 

04/06/2005 BANK 10 10/75/11 8.3      

04/06/2005 BANK 7A 7A/76/07 8.9      

07/06/2005 BANK 1A 1A/76/06 12.2      

08/06/2005 BANK 10 12/01/06 3.6      

08/06/2005 BANK 8 8/75/03 11.8      

13/06/2005 BANK 3 3/76/01 5.3 13/06/2005 13:49 Mine Boundary 2.79 122.60 

13/06/2005 BANK 6 6/76/06 7.0      

    14/06/2005 13:32 Mine Boundary 8.39 126.80 

15/06/2005 BANK 4 4/76/03 4.9 15/06/2005 13:34 Mine Boundary 9.21 123.40 

16/06/2005 BANK 2 2/77/01 3.2 16/06/2005 09:54 Mine Boundary 13.80 146.00 

20/06/2005 BANK 5 5/76/01 5.4 20/06/2005 13:34 Mine Boundary 3.10 122.00 

21/06/2005 BANK 7A 7A/76/06 9.6 21/06/2005 13:36 Mine Boundary 0.54 131.50 

    22/06/2005 13:32 Mine Boundary 2.52 127.10 

    23/06/2005 13:46 Mine Boundary 2.37 125.30 

24/06/2005 BANK 10 10/75/12 5.5 24/06/2005 15:18 Mine Boundary 19.20 144.90 

24/06/2005 BANK 11 11/75/10 3.0      

24/06/2005 BANK 9A 9A/76/04 9.9      

24/06/2005 BANK 9B 9B/76/05 4.4      

24/06/2005 BANK 9B 9B/76/06 5.4      

27/06/2005 BANK 10 12/01/07 3.0      

30/06/2005 BANK 10 12/01/10A 0.0      

30/06/2005 BANK 1A 1A/76/05 8.1      

    01/07/2005 13:28 Mine Boun dary 0.22 128.70 

02/07/2005 BANK 3 3/77/02 5.4 02/07/2005 09:21 Mine Boundary 3.94 125.40 

02/07/2005 BANK 7A 7A/76/05 11.1      

    04/07/2005 13:41 Mine Boundary 0.42 133.90 

05/07/2005 BANK 2 2/77/03 4.0 05/07/2005 13:43 Mine Boundary 4.07 136.70 

    06/07/2005 13:44 Mine Boundary 6.65 128.00 

07/07/2005 BANK 6 6/76/04 7.1 07/07/2005 13:40 Mine Boundary 0.28 133.60 

07/07/2005 BANK 9A 9A/76/03 9.2      

    08/07/2005 13:35 Mine Boundary 2.43 126.50 

09/07/2005 BANK 1A 1A/76/04 9.4 09/07/2005 09:47 Mine Boundary 6.39 138.70 

11/07/2005 BANK 9B 9B/76/04 7.1 11/07/2005 13:41 Mine Boundary 4.64 125.70 

12/07/2005 BANK 10 12/Sekonder 0.0 12/07/2005 13:42 Mine Boundary 0.22 124.50 

    12/07/2005 14:05 Mine Boundary 0.22 123.20 

13/07/2005 BANK 10 10/75/13 6.6 13/07/2005 13:40 Mine Boundary 0.28 126.40 

18/07/2005 BANK 9B 9B/76/03 13.3 18/07/2005 14:51 Mine Boundary 5.89 123.20 

19/07/2005 BANK 3 3/77/01 2.8 19/07/2005 13:45 Mine Boundary 2.69 120.40 

20/07/2005 BANK 4 4/76/02 5.7 20/07/2005 13:56 Mine Boundary 4.04 121.90 

20/07/2005 BANK 5 5/77/02 5.2      
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20/07/2005 BANK 8 8/76/06 12.5      

21/07/2005 BANK 10 12/02/01 6.8 21/07/2005 14:01 Mine Boundary 2.62 133.70 

21/07/2005 BANK 1A 1A/76/03 9.3      

22/07/2005 BANK 9A 9A/76/02 8.1 22/07/2005 13:49 Mine Boundary 0.22 120.50 

25/07/2005 BANK 11 11/75/12 23.4 25/07/2005 13:37 Mine Boundary 7.25 134.90 

25/07/2005 BANK 1B 1B/76/06+07 8.8      

25/07/2005 BANK 2 2/77/04 3.3      

    26/07/2005 13:57 Mine Boundary 8.63 136.90 

27/07/2005 BANK 4 4/76/01 5.9 27/07/2005 14:53 Mine Boundary 5.93 143.90 

28/07/2005 BANK 6 6/76/03 6.5      

29/07/2005 BANK 10 12 SUMP  27.9 29/07/2005 13:36 Mine Boundary 0.18 123.80 

    01/08/2005 13:57 Mine Boundary 15.00 143.60 

02/08/2005 BANK 7B 7B/76/06 7.0 02/08/2005 13:51 Mine Boundary 0.22 129.10 

02/08/2005 BANK 11 11/75/12 0.0      

04/08/2005 BANK 2 2/77/04 2.9 04/08/2005 13:40 Mine Boundary 1.53 127.80 

05/08/2005 BANK 8 8/76/05 11.7 05/08/2005 13:57 Mine Boundary 16.30 131.80 

05/08/2005 BANK 1B 1B/76/06 9.9 05/08/2005 14:10 Mine Boundary 6.89 143.20 

05/08/2005 BANK 2 2/77/05 3.7      

08/08/2005 BANK 10 10/75/14 5.8 08/08/2005 13:50 Mine Boundary 1.80 122.10 

08/08/2005 BANK 9B 9B/76/02 46.2      

08/08/2005 BANK 1A 1A/76/02 8.3      

09/08/2005 BANK 1B 1B/76/05 9.8      

    10/08/2005 13:38 Mine Boundary 27.50 133.40 

    12/08/2005 14:06 Mine Boundary 2.67 121.50 

    12/08/2005 14:21 Mine Boundary 6.32 134.90 

13/08/2005 BANK 4 4/77/02 5.7 13/08/2005 09:44 Mine Boundary 1.81 129.20 

 
Table 7 give the quantity of events recorded at each of the stations that showed true ground 
vibration and airblast characteristics.  
 
Table 7: Count of ground vibration and / or airblast events recorded.  
 

Monitor Point Mine Boundary Steenkamp Erasmus 
Count 42 0 0 

 
Figure 3 shows the summary of the ground vibration events recorded in graphical form. Data from 
all three monitors are displayed.  
 
 
 
 
 
 
 
 
(Intentionally left open) 
 
 
 
 
 



Blast Management & Consulting Page 18 of 23 GG~Jun2005BV 
 

 
 
Figure 3: Shows the ground vibration results for the project period. 
 

Kumba Resources - Grootegeluk Mine
 Ground Vibration Graph - June 2005 - August 2005
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Figure 4 shows the summary of the airblast events recorded in graphical form. Data from all three 
monitors are displayed.  
 
Figure 4: Shows the airblast results for the project period. 
 

Kumba Resources - Grootegeluk Mine
 Airblast Graph - June 2005 - August 2005
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Figure 5 shows the summary of the ground vibration with airblast for each event recorded in 
graphical form. Data from all three monitors are displayed.  
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Figure 5: Shows the results for ground vibration and airblast for the project period. 
 

Kumba Resources - Grootegeluk Mine
 Ground Vibration and Airblast Data - June 2005 - August 2005
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A summary of ground vibration data versus the bench blasted is presented. This information is only 
to determine if ground vibration data recorded conforms to the expected levels as per bench heights. 
Higher bench heights using deeper blastholes will use more explosives and thus could also lead to 
greater ground vibrations generated.  
 
Figure 6: Shows the maximum peak particle velocities recorded per bench blasted.  
 

Kumba Resources - Grootegeluk Mine
Maximum Peak Partcicle Velocity Vs Bench
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A summary of airblast data versus the bench blasted is presented. This information is only to 
determine what levels of airblast is associated with which benches. In general no real trend could be 
observed from the data presented on this level of investigation.  
 
Figure 7: Shows the maximum airblast recorded per bench blasted.  
 

Kumba Resources - Grootegeluk Mine
Maximum Airblast Vs Bench Mined
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8. Discussion 
 
During the period of June to August 2005 ground vibration and airblast was monitored at three 
different positions on a daily basis. The three positions were at the mine boundary and on two 
farms. Ground vibration and airblast results were registered mainly on the monitor at the mine 
boundary. The two monitors on the farms did not show any events that can be associated with 
ground vibration or airblast. Some stray events were registered due to opening and closing of the 
steel cages. No event was registered at these tow monitors that showed any resemblance to ground 
vibration or airblast due to blasting operations. The data recorded at the mine boundary can be 
summarized as follows: Ground vibration recorded on all three channels ranged between 0.13 and 
24.5 mm/s. The resultant peak particle velocity ranged between 0.18 and 27.5 mm/s. Corresponding 
frequencies for the ground vibration ranged between 4.03 and 30.10 Hz. The airblast levels 
recorded ranged between 120.4 and 147.50 dB. 
 
Review of the data recorded showed that airblast was more prominent than ground vibration. Only 
31 events showed ground vibration results and airblast of significance. The remaining 12 events 
showed almost no ground vibration but significant airblast results. Review of the typical bench 
heights and resulting blasthole depths it was observed that 8 of the 14 benches mined are 6m and 
shallower. This does not allow for massive charges to be loaded and blasted. It is certain that 
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multiple blastholes could be expected top detonated simultaneously. The ground vibration data 
registered does not suggest that there are not charges detonating in the order of a few tons at a time.  
 
Considering the distance between the mine boundary and that of the farm monitors which was 
measured to be 6.16 km and 7.05km respectively the charge mass required to yield significant 
ground vibration can be calculated as follows. Using the standard basic equation for predicting 
ground vibration the charge mass required yielding at least 5 mm/s will be:  
 
y = a(D/vE)b 
 
Where  
 
y = Predicted ground vibration 
a = Site constant (if not known specific a value of 1143 is used) 
b = Site constant (if not known specific a value of -1.65 is used) 
D = Distance 
E = Explosive Mass 
 
Using the above formula and standard mathematical re-arrangement the following was calculated: 
 

Distance (m) Explosive  Mass (kg) PPV Limit (mm/s) 

6160 52441 5 
7050 68690 5 

The 5 mm/s considered only because humans will experience levels of 5 mm/s as unpleasant.  
 
Considering the airblast recorded which was significantly more prominent at the mine boundary 
monitor it is sure that if structures were in this area would have been influence in some way or 
another by the airblast.  Some of the levels recorded here was greater than accepted norm of 134 dB 
but this is far away from any privately owned structure. Considering the highest level recorded of 
147.5 dB it can be estimated what the level of airblast would be at the nearest farm monitor. This 
can be calculated from the standard that for each doubling of distance between source and monitor 
the dB will drop be 6dB.  
Expecting the maximum distance between the monitor and the blast to be 500m (not known 
precisely) the airblast at the nearest farm monitor can be calculated to be as follows: 
 
: 1000 m further = -6   dB = 141.5 dB 
: 2000 m further = -12 dB = 135.5 dB 
: 4000 m further = -18 dB = 129.5 dB 
: 8000 m further = -24 dB = 123.5 dB 
This is by rough estimation only.  
 
Considering this it is fair to say that there could possibly be an effect of hearing a blast faintly but 
levels of airblast at these distances are well below any possibility of damage. It is our experienced 
that under certain circumstances it could be possible to hear a blast at these long distances but 
certainly with little possibility of damage. Damage to structures is only possible at levels from 150 
dB upwards where windows will be the first to break and damage to walls only at levels of 180 + 
dB.  
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9.  Conclusion 
 
During the period of the project no ground vibration or airblast was recorded at the two farms in 
question. The monitor placed at the boundary of the mine did events that were passively matched 
with blast reports of blast operations done at the mine. These results are conforming to expectations 
of different blasts on the different benches yielding different results. Higher ground vibration results 
from the deeper benches and lower results from the shallower benches. Airblast did not indicate the 
same clear relationships as ground vibration.  
 
The fact that no ground vibration or airblast was recorded at any of the farms indicates in my 
opinion that the possibility of damage due to ground vibration or airblast is zero. The distance 
between mine and the farms are to large and the charges required to detonate simultaneously is not 
a feasible option to be practiced by the mine.  
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SUMMARY 
 
Heritage survey report of the Kumba properties at Grootegeluk Mine, Lephalale area, 
Limpopo Province 
 
The aim of the survey was to locate, identify, evaluate and document sites, objects and 
structures of cultural significance found within the boundaries of the property of the 
Grootegeluk Mine.  
 
Only a few sites were identified. It seems as if people avoided this area in the past, largely 
due to its inhospitable environment. It was only during historic times that significant numbers 
of people started to settle here. This increased drastically after the mining activities started.  
 
Two of the identified sites are viewed as having high significance. In Section nine of this 
report, extensive recommendations are made as to their preservation. In short, the following 
are recommended: 
 
• The location of the sites should be added to an overall mine development plan in order to 

avoid them or to implement the proposed mitigation proposals in time. 
 
• The hill known as Nelson’s kop is obviously a site of high significance as it had (still 

have?) ritual importance for both hunter-gatherers and African farmers. Development in 
this area should be avoided. 

 
• The cemeteries should be avoided. Alternatively, if that is not possible, mitigation 

measures can be implemented by relocating the graves. 
 
• If archaeological sites are exposed during construction work, it should immediately be 

reported to a museum, preferably one at which an archaeologist is available, so that an 
investigation and evaluation of the finds can be made. 
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HERITAGE SURVEY REPORT OF THE KUMBA PROPERTIES AT 
GROOTEGELUK MINE, LEPHALALE AREA, LIMPOPO PROVINCE 
 
 
 
 
 
1.  THE SURVEY 
 
The National Cultural History Museum was contracted by Kumba Resources to survey their 
properties at the Grootegeluk mine, consisting of a number of farms. The aim of the survey 
was to locate, identify, evaluate and document sites, objects and structures of cultural 
importance (Fig. 1) found within the boundaries of the mine properties (Fig. 2). 
 
 
 
2.  TERMS OF REFERENCE 
 
The scope of work consisted of conducting a Phase 1 archaeological survey of the site in 
accordance with the requirements of Section 38(3) of the National Heritage Resources Act 
(Act 25 of 1999). 
 
This include: 
• Conducting a desk-top investigation of the area; 
 
• A visit to the area under consideration. 
 
The objectives were to  
• Identify possible archaeological, cultural and historic sites within the area of interest; 
 
• Evaluate the potential impacts of construction, operation and maintenance of the proposed 

development on archaeological, cultural and historical resources; 
 
• Recommend mitigation measures to ameliorate any negative impacts on areas of 

archaeological, cultural or historical importance. 
 
 
 
3.  DEFINITIONS AND ASSUMPTIONS 
 
The following aspects have a direct bearing on the survey and the resulting report: 
 
• Cultural resources are all non-physical and physical human-made occurrences, as well as 

natural occurrences that are associated with human activity. These include all sites, 
structures and artefacts of importance, either individually or in groups, in the history, 
architecture and archaeology of human (cultural) development. 

 
• The significance of the sites and artefacts are determined by means of their historical, 

social, aesthetic, technological and scientific value in relation to their uniqueness, 
condition of preservation and research potential. It must be kept in mind that the various 
aspects are not mutually exclusive, and that the evaluation of any site is done with 
reference to any number of these. 
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• Sites regarded as having low significance have already been recorded in full and require 
no further mitigation. Sites with medium to high significance require further mitigation 
measures. 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Categorization of heritage resources according to the National Heritage Resources 
Act, No. 25 of 1999.  

According to Section 3(1), for the purposes of the Act, those heritage resources of 
South Africa which are of cultural significance or other special value for the present 
community and for future generations must be considered part of the national estate 
and fall within the sphere of operations of heritage resources authorities. 
      
(2) Without limiting the generality of subsection (1), the national estate may include- 
(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 in terms of the                  
      Human Tissue 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, photographic positives and negatives, 
graphic, film or video material or sound recordings, excluding those that are 
public records as defined in section I (xiv) of the National Archives of South 
Africa Act, 1996 (Act No. 43 of 1996). 
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4.  LEGISLATIVE REQUIREMENTS 
 
Aspects concerning the conservation of cultural resources are mainly dealt within two acts. 
These are the South African Heritage Resources Act (Act No25 of 1999) and the 
Environment Conservation Act (Act No 73 of 1989). 
 
 
4.1 South African Heritage Resources Act (Act No 25 of 1999) 
 
Archaeology, palaeontology and meteorites 
In terms of Section 35(4) of this Act, no person may, without a permit issued by the 
responsible heritage resources authority destroy, damage, excavate, alter, deface or otherwise 
disturb any archaeological or palaeontological site or material or any meteorite; bring onto, or 
use at an archaeological or palaeontological site any excavation equipment or any equipment 
that assists in the detection or recovery of metals or archaeological and palaeontological 
material or objects, or use such equipment for the recovery of meteorites. 
 
Structures: 
Section 34(1) of this Act states that no person may alter or demolish any structure or part of a 
structure which is older than 60 years without a permit issued by the relevant provincial 
heritage resources authority. 

“Structure” means any building, works, device or other facility made by people and 
which is fixed to land, and includes any fixtures, fittings and equipment associated 
therewith; 
“Alter” means any action affecting the structure, appearance or physical properties of 
a place or object, whether by way of structural or other works, by painting, plastering 
or other decoration or any other means. 

 
Human remains: 
In terms of Section 36(3) of the National Heritage Resources Act, no person may, without a 
permit issued by the relevant heritage resources authority: 

(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. 

 
 
4.2 Environment Conservation Act (Act No 73 of 1989) 
 
This Act states that a survey and an evaluation of cultural resources should be undertaken in 
areas where development, which will change the face of the environment, is to be made. The 
impact of the development on the cultural resources should also be determined and proposals 
to mitigate this impact are to be formulated. 
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5.  METHODOLOGY 
 
 
5.1 Preliminary investigation 
 
 
5.1.1 Survey of the literature 
A survey of the relevant literature was conducted with the aim of reviewing the previous 
research done and determining the heritage potential of the area. In this regard, various 
anthropological, archaeological and historical sources were consulted - see the list of 
references below.  
 
Literature dealing with the area specifically is largely non-existing. Most of which that could 
be found, deal with the agricultural potential (Mentz & Coetzee 1973) of the area or coal 
mining exploration and activities (Cloete 1980, Faure 1993). 
 
 
5.1.2 Data bases 
The Archaeological Data Recording Centre (ADRC), housed at the National Cultural History 
Museum, Pretoria, was consulted. The Environmental Potential Atlas was also consulted. 
 
 
5.1.3 Other sources 
The topocadastral and other maps were also studied - see the list of references below. 
 
 
5.2 Field survey 
 
The area that had to be investigated was identified by Kumba Resources by means of maps. 
As this is a very large area, and, based on previous knowledge and the desktop study that 
indicated that very little would be found, an approach to the field survey was developed that 
was aimed at locating all possible sites:  
 
• Firstly, each of the farms was investigated by driving across it, using the existing roads. 

This gave the necessary insight into the area, its geography, topography, vegetation, etc. 
and, as a result, an idea of what could be expected. 

 
• Secondly, special attention was given to natural features, e.g. pans (e.g. Eendrag Pan – 

Fig. 3) and outcrops (e.g. Nelson’s Kop and Koei and Kalf – Fig. 4) as well as other 
topographical occurrences such as trenches, holes, and clusters of trees.  

 
• Thirdly, the remains of previous habitation such as farmsteads were plotted from the 1:50 

000 maps and the sites were then visited (Fig. 5 & 6). 
 
• Lastly, were possible, the different landowners/occupiers were interviewed in an effort to 

obtain information on the existence of known sites. 
 
 
5.3 Documentation  
 
All sites, objects and structures that are identified are documented according to the general 
minimum standards accepted by the archaeological profession. Coordinates of individual 
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localities were determined by means of the Global Positioning System (GPS)1 and plotted on 
a map (see Fig. 1). This information is added to the description in order to facilitate the 
identification of each locality. 
 
Map datum used: Hartebeeshoek 94 (WGS84). 
 
 
 

                                                      
1 According to the manufacturer a certain deviation may be expected for each reading. Care was, however, taken to 
obtain as accurate a reading as possible, and then to correlate it with reference to the physical environment before 
plotting it on the map. 



Heritage Impact Scoping Report                                                                                                                              Grootegeluk Mine 
 
 

 8 

6.  DESCRIPTION OF THE AREA 
 
The area that was investigated is indicated in Fig. 1. It included approximately 19 farms, all of 
which are located in the Lephalale (formerly Ellisras) district of Limpopo Province. 
 
The topography of the area is very flat, with very few features (e.g. hills, outcrops or rock 
shelters, rivers) that usually drew people to settle in its vicinity, are found in the area. Only a 
few small hills or outcrops occur. All the rivers crossing the area are non-perennial. The 
biggest river, the Makolo, passes some distance to the east of the study area, flowing from 
south to north.  
 
The geology is made up of alternating bands of arenite and shale, with a basalt intrusion to the 
west of the study area. All is overlain by sand, probably aeolic in origin, having being laid 
down from the west.  
 
The area can be described as typical savanna, with the original vegetation consisting of Mixed 
Bushveld, with a section to the north classified as Sweet Bushveld.  
 
In the recent past, all of these properties were used for cattle farming. As a result, farming 
related infrastructure was developed. When the properties were bought up by Kumba 
Resources, the land use on most farms changed to game farming and, as a result, people 
moved off the farms.   
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7. DISCUSSION 
 
Probably because of the somewhat inhospitable environment, being very flat, hot and dry 
(average rainfall of 436 mm per annum) and with few sources of surface water, people did not 
settle in large numbers in the area in the past. As a result, only a few sites of cultural 
significance were identified in the study area (see Appendix 2).  
 
In the larger region, in areas where there are outcrops, especially close to rivers, rock art sites 
have been documented. The ones closest to the study area are located on the farm 
Grootfontein 501LQ, on the northern outskirts of the town of Lephalale. Other rock art sites 
are found further away to the south and the east. 
 
Early and Later Iron Age sites are similarly found to the south and the east, as well as to the 
north. As these people were agro-pastoralists (and did not have the technology to extract 
subterranean water), they preferred to settle in areas where such resources were readily 
available. 
 
The historic period starts off quite late in this part of the country. Probably one of the earliest 
published sources that refer to the area, in a generalised sense, is that of the explorer Thomas 
Baines who passed through the area during the early 1870s (Fig. 7). Although for other 
sections of his travels he gives detailed descriptions of the local population, he does not 
comment on anybody in this particular area. Although his rendering of the various rivers and 
other topographical features are quite accurate for the time, he seems to imply that there were 
no communities settled here (Baines 1877). 
 
Similarly, Van Warmelo (1935) in his encyclopaedic work on the distribution of various 
Bantu-speaking groups show an area largely devoid of communities, with only a few isolated 
occurrences, all possibly farm-workers (Fig. 8). The closest community indicted by him are 
the Seleka, who reside approximately 50 km to the north. To the south, is seems from his 
maps that the area also used to be claimed by the Seleka. This is a very Sothoised group of 
Ndebele whom have also lived amongst the Ngwato in Botswana and their arrival in the area 
date to late Pre-colonial times. 
 
In the town of Lephalale (Ellisras) there is a cemetery containing the graves of some of the 
earliest white settlers in the area. The town of Ellisras was only laid out in December 1960, 
and was named after two of the pioneer families in the area, Ellis and Erasmus. In 2002, the 
name was changed to Lephalale. This latter name is taken from the Phalala River, which is 
derived from the Tswana verb ‘to flow’ or ‘one which overflows’ (Raper 2004: 86, 204).  
 
With reference to the study area itself, the following sites have been identified. 
 
 
7.1 Stone Age 
 
Stone tools dating to the Middle Stone Age were recorded at a few select spots, 
predominantly at outcrops and pans (Fig. 9). As these artefacts were found on the surface, 
they are not in their original context any more and can yield very little information. As a 
result, they are viewed to have no significance.  
 
However, the opposite holds true for the site at Nelson’s kop (see Appendix 2). Here some 
interesting engravings of animal spoors, cupules and cut marks were identified on the 
southern face of the hill (Fig 10). In addition, on top of the hill a number of small stone 
walled sites occur. A few non-diagnostic stone flakes and potsherds occur in the shelter. 
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From ethnographic sources it is known that hills or promontories, for example in the Karoo, 
are important features to the San because they offer vantage points in an otherwise 
remarkably flat landscape from which the springbok may be watched (Deacon 1988). This is 
probably the purpose of the stone circles on top of Nelson’s Kop, serving as lookout points. 
The fact that there is a big panel with a variety of engravings on it indicates that this is in all 
probability a site of potency, for the making of rain by the San and later Sotho-Tswana 
speaking people in the area (see Van der Ryst et al 2004). 
 
Although such sites are not unknown, this is currently the only known one in the larger 
region. Furthermore, it might even be linked with the other rock painting sites in the larger 
region, e.g. on the outskirts of Lephalale. A negative impact on this site would then, by 
extension, also have a negative impact on all the other sites. Based on its uniqueness, 
scientific and religious value, this site is viewed as having high significance and development 
should not be allowed to take place on or near it. 
 
 
7.2 Iron Age 
 
No sites dating to the Iron Age were identified. A few pieces of pottery were found at an 
outcrop on the farm Kuipersbult (Appendix 2). However, these did not include any diagnostic 
pieces and it is therefore difficult to determine its dating or identity. They are viewed as 
having no significance. 
 
 
7.3 Historical period 
 
Although a number of old farmsteads occur in the area, all have been demolished and little of 
them remain. As far as could be ascertained from available resources, none of these can be 
related to a significant event or an important historical individual. As a result, they are also 
viewed as having no significance. Two small informal cemeteries that relate to this period of 
farm occupation were identified (see Appendix 2). 
 
Other structures, such as water troughs, windmills and dams, some dating to the days when 
the farms were used for cattle farming, are still in use. However, these all conform to general 
patterns and none exhibit unique technology or solutions. 
 
The mining history in the area is represented by the the headgear of the first shaft that was 
sunk, leading to the eventual large scale mining activities (Fig. 11). 
 
 
7.4 Intangible heritage 
 
Some farms names have recently been changed (e.g. Kafirsdraai to Kromdraai), and rightly so 
as the old names are derogatory. Other farm names reflect on the earliest settlers and their 
Dutch origin or, more probably on the original surveyors and their background, such as the 
obvious Dutch influence in the spelling of some farms e.g. Schrickvoorby and Eendrachtpan. 
Others, such as Vaalpensloop presents tantalising evidence to the possible prehistory of the 
area. The name Vaalpense was used to refer to a group of impoverished people of a mixture 
of San and Bantu-speaking origin that used to populate large areas viewed as marginal by 
other groups (Van Schalkwyk 1985). 
  
However, to document all of this falls outside the scope of this report, as it would entail 
tracking down previous inhabitants and interviewing them in detail. 
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8. IDENTIFICATION OF RISK SOURCES 
 
Scoping exercises usually focus on two phases of a proposed development: the construction 
and operation phases. The following project actions may impact negatively on archaeological 
and other sites of cultural importance. The actions are most likely to occur during the 
construction phase of any proposed project. 
 
 
 
TABLE 1:  
 
Construction phase: 
Possible Risks Source of the risk 
Actually identified risks  
  - damage to sites Construction work  
Anticipated risks  
  - looting of sites Curious workers 

 
Operation phase: 
Possible Risks Source of the risk 
Actually identified risks  
  - damage to sites Not keeping to management plans 
Anticipated risks  
  - damage to sites Unscheduled activities 
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9. MANAGEMENT PLAN 
 
There are only a few cultural heritage resources known to exist in the surveyed area and their 
future management would not present much of a problem. Any mining activities would have 
very little impact on these sites, unless it takes on the form of a physical impact. Fortunately, 
from ground level, the development does not have a visual impact on any of the sites.  
 
• As a first step the location of the sites, presented in Appendix 2, should be added to an 

overall mine development plan in order that they can be avoided in future. However, if 
development is to take place on or near a site, the recommended management action 
proposed in Appendix 2 should be implemented. 

 
The old mine headgear site enjoys a certain amount of conservation at present, largely due to 
its isolated position and the fact that it is already fenced off.  
 
• It is recommended that the environmental team at the mine inspect it annually. This can 

be combined with a general cleanup of the area. 
 
The only site of cultural significance for which no mitigation would be acceptable, is the rock 
engravings and stone circles at Nelson’s Kop.  It therefore requires and special management 
actions to preserve this site: 
 
• It is recommended that a buffer zone is created around the hill by declaring an area from 

the base of the hill in any direction for a distance of at least 250 metres as a no-go area for 
development.  

 
• Furthermore, visitors should be informed of the sensitivity of the site and they should not 

be allowed to visit the site unsupervised. Fortunately, the current land user allows only 
hunting in the area. He knows about the importance of the site and is sympathetic towards 
the conservation thereof.  

 
• Inspection of the site should be done annually by the environmental team at the mine. 
 
• A general clean up of the site is recommended, but only of the very obvious litter such as 

beer cans and bottles and bottle tops.  
 
• No fires, e.g. for braais or picnics are to be allowed in or near the shelter. 
 
• As part of the current survey, the site was documented by the archaeologist. It is planned 

to present this information in published format at some time in the near future. This 
would serve as baseline information on the status of the site. 
 

The biggest risk posed by any development project would be the accidental uncovering of 
unknown sites.  
 
• In such a case, an archaeologist should be contacted in order to investigate the occurrence 

and to make suggestions with regard to suitable mitigation measures. 
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10. SUMMARY 
 
The aim of the survey was to locate, identify, evaluate and document sites, objects and 
structures of cultural significance found within the boundaries of the property of the 
Grootegeluk Mine.  
 
Only a few sites were identified. It seems as if people avoided this area in the past, largely 
due to its inhospitable environment. It was only during historic times that significant numbers 
of people started to settle here. This increased drastically after the mining activities started.  
 
Two of the identified sites are viewed as having high significance. In Section nine of this 
report, extensive recommendations are made as to their preservation. In short, the following 
are recommended: 
 
• The location of the sites should be added to an overall mine development plan in order to 

avoid them or to implement the proposed mitigation proposals in time. 
 
• The hill known as Nelson’s kop is obviously a site of high significance as it had (still 

have?) ritual importance for both hunter-gatherers and African farmers. Development in 
this area should be avoided. 

 
• The cemeteries should be avoided. Alternatively, if that is not possible, mitigation 

measures can be implemented by relocating the graves. 
 
• If archaeological sites are exposed during construction work, it should immediately be 

reported to a museum, preferably one at which an archaeologist is available, so that an 
investigation and evaluation of the finds can be made. 
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APPENDIX 1: STANDARDISED SET OF CONVENTIONS USED TO ASSESS THE 
IMPACT OF PROJECTS ON CULTURAL RESOURCES 
 
 
Significance of impact: 
- low  where the impact will not have an influence on or require to be significantly 

accommodated in the project design 
- medium where the impact could have an influence which will require modification of 

the project design or alternative mitigation 
- high  where it would have a “no-go” implication on the project regardless of any 

mitigation 
 
Certainty of prediction: 
- Definite: More than 90% sure of a particular fact. Substantial supportive data to 

verify assessment 
- Probable: More than 70% sure of a particular fact, or of the likelihood of that impact 

occurring 
- Possible: Only more than 40% sure of a particular fact, or of the likelihood of an 

impact occurring 
- Unsure: Less than 40% sure of a particular fact, or the likelihood of an impact 

occurring 
 
Recommended management action: 
For each impact, the recommended practically attainable mitigation actions which would 
result in a measurable reduction of the impact, must be identified. This is expressed according 
to the following: 

1 = no further investigation/action necessary 
2 = controlled sampling and/or mapping of the site necessary 
3 = preserve site if possible, otherwise extensive salvage excavation and/or mapping 
necessary 
4 = preserve site at all costs 

 
Legal requirements: 
Identify and list the specific legislation and permit requirements which potentially could be 
infringed upon by the proposed project, if mitigation is necessary. 
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APPENDIX 2: SURVEY RESULTS2 
 
[Previous site numbers relate to other known sites on a particular ¼ degree sheet already 
documented in the ADRC, and does not necessarily refer to sites occurring on or close to the 
specific surveyed area.] 
 
Map datum used: Hartebeeshoek 94 (WGS84). 
 
 
1.   Site number: 2327DA5 
Location: Nelsonskop 464LQ: S –23.65094; E 27.58650  
Description: A small hill. Some interesting engravings of animal spoors, cupules and cut 
marks were identified on the southern face of the outcrop (Fig. 10). On top of the hill, a 
number of small stone walled enclosures occur. The hill is in all probability a site of potency, 
for the making of rain, by the San and later Sotho-Tswana speaking people in the area. 
Discussion: Based on its uniqueness, scientific and religious value, this site has a high 
significance and development should not be allowed to take place on or near it. 
Recommended management action: 4 = preserve site at all costs. 
Legal requirements: SAHRA permit 
 
2.   Site number: 2327DA4 
Location: Kuipersbult 511LQ: S –23.70760; E 27.57939 
Description: Small outcrop. A few small pieces of non-diagnostic Iron Age pottery occur on 
the site. The site could have served as rainmaking site, but no engravings of other artefacts 
were found here. 
Discussion: The site is viewed to have little significance. 
Recommended management action: 1 = no further investigation/action necessary 
Legal requirements: None 
 
3.   Site number: 2327CB1 
Location: Vergulde Helm 316LQ: S –23.71142; E 27.49734  
Description: An informal cemetery with four graves. Two of these go back to the 1930s, and 
the other two date to within the last 10 years. 
Discussion: This site falls just outside the identified areas and is only mentioned because it is 
very close to the border with the farm Eenzaamheid 512LQ. 
Recommended management action: 1 = no further investigation/action necessary 
Legal requirements: If relocation is necessary, SAHRA permit; local government permits; 
notification of descendants. 
 
4.   Site number: 2327DA3 
Location: Kuipersbult 511LQ: S –23.71889; E 27.55988 
Description: Single grave. Inscription: MS Moloantoa 25/5/1848 – 24/12/1953 
Discussion: If development takes place, this feature would have to be relocated. 
Recommended management action: Relocate grave if necessary. 
Legal requirements: If relocation is necessary, SAHRA permit; local government permits; 
notification of descendants. 
 
5.   Site number: 2327DA11 
Location: Groothoek 504LQ: S –23.66140; E 27.67658 

                                                      
2 See Appendix 1 for an explanation of the conventions used in assessing the heritage remains. 
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Description: Apparently this is the headgear of the first shaft that was sunk in this area before 
large scale mining took place (Fig. 11). 
Discussion: Fortunately, this site is located far from future development and would not be 
impacted on. Furthermore, it is already fenced in and therefore enjoys a certain amount of 
protection. 
Recommended management action: 3 = preserve site if possible, otherwise extensive salvage 
excavation and/or mapping necessary. 
Legal requirements: SAHRA permit 
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APPENDIX 3: GLOSSARY AND ABBREVIATIONS 
 
This section is included to give the reader some necessary background. It must be kept in 
mind, however, that these dates are all relative and serve only to give a very broad framework 
for interpretation. 
 
 
STONE AGE 

Early Stone Age (ESA)  2 000 000 - 150 000 Before Present 
Middle Stone Age (MSA)  150 000 -   30 000 BP 
Late Stone Age (LSA)   30 000 -  until c. AD 200 

 
IRON AGE 

Early Iron Age (EIA)    AD   200 - AD 1000 
Late Iron Age (LIA)    AD 1000 - AD 1830 

 
HISTORICAL PERIOD 

Since the arrival of the white settlers - c. AD 1840 in this part of the country 
 
ADRC - Archaeological Data Recording Centre 
 
core - a piece of stone from which flakes were removed to be used or made into tools 
 
PHRA – Provincial Heritage Resources Agency 
 
SAHRA - South African Heritage Resources Agency 
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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 Exxaro Coal (Pty) 

Ltd’s (Exarro) proposed new entrance area for the Grootegeluk Mine near Lephalale in 

the Limpopo Province. The construction of the proposed new entrance area is hereafter 

referred to as the Exxaro Project whilst the area to be affected by the proposed new 

entrance area 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 (‘national 

estate’) as outlined in Section 3 of the National Heritage Resources Act (No 25 of 

1999) do occur in the Exxaro Project Area and, if so to determine the significance 

of these heritage resources; and 

• To make recommendations regarding the mitigation and management of 

significant heritage resources that may be affected by the 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.  

 

However, it is possible that this Phase I HIA study may have missed heritage resources 

in the Exxaro Project Area as heritage sites may occur in thick clumps of 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 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 Archaeologists (ASAPA) should be 

notified 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. 
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Consequently, from a heritage point of view the development of the Exxaro Project can 

be supported. 
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1 INTRODUCTION  
 
This report contains the result of a Phase I Heritage Impact Assessment (HIA) 

study that was done for the Exxaro Resources (Exxaro) proposed new entrance 

area in the Grootegeluk Coal Mine (Grootegeluk Mine) near Lephalale in the 

Limpopo Province. 

 

Focused archaeological research has been conducted in the Limpopo Province 

for several decades. This research consists of surveys and of excavations of 

Stone Age and Iron Age sites as well as of the recording of rock art and historical 

sites in this area. The Limpopo Province has a rich heritage comprised of 

remains dating from the pre-historical and historical (or colonial) periods of South 

Africa. Pre-historical and historical remains in the Limpopo Province form a 

record of the heritage of most groups living in South Africa today.  

 

Heritage resources in the Limpopo Province therefore constitute a rich and wide 

diversified range (comprising the ‘national estate’) as outlined in Section 3 of the 

National Heritage Resources Act (Act 25 of 1999) (see Box 1, next page). A 

number of terms that are used in this report are also defined in Appendix A. 
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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; 
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2 TERMS OF REFERENCE 
 

In order to comply with heritage legislation, Exarro requires knowledge of the 

presence, relevance and the significance of any heritage resources that may be 

affected by the Exxaro Project. Exarro needs this knowledge in order to take pro-

active measures with regard to any heritage resources that may be affected, 

damaged or destroyed when the Exxaro Project is implemented. Golder, the 

environmental company responsible for compiling the Environmental Impact 

Assessment for the Exxaro Project therefore commissioned the author to undertake 

a Phase I HIA study for the Exxaro Project Area.  

 
The aims with the Phase I HIA were the following: 

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

(‘national estate’) as outlined in Section 3 of the National Heritage 

Resources Act (No 25 of 1999) do occur in the Exxaro Project Area and, if 

so to determine the significance of these heritage resources; and 

• To make recommendations regarding the mitigation and management of 

significant heritage resources that may be affected by the Exxaro Project. 
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3 THE EXXARO PROJECT AREA 
 
3.1 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 and currently 

produces 17.5 Mtpa (million tons per annum). Most of the production is thermal 

coal, which is sent to Eskom’s existing Matimba Power Station by means of a 7.0 

km conveyor belt. About 18% of the mine’s production consist of semi-soft coking 

and metallurgical quality coal, which is sold to local and international steel and 

ferroalloy plants (Figures 1 & 4) (2326 Lephalale; 1:250 000 map & 2327 

Lephalale 1:50 000 topographical map).  

 
Figure 1- Grootegeluk Coal Mine indicating the proposed new entrance 
area in relation to the coal mining operations. 
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3.2 Development components of the Exxaro Project  
 

A new entrance complex is planned for the Grootegeluk Coal Mine which includes 

the following infrastructure, namely: 

• A car park and new roads; 

• Registration offices; 

• PS Offices; 

• A taxi rank and parking area for vehicles; 

• An OPS room and weigh bridge; and 

• Other lesser features.   

 

The majority of these facilities will be established on existing infrastructure which 

will be demolished, upgraded and replaced by the new infrastructure. The land on 

which this earlier - but not historical - infrastructure has been established therefore 

has been disturbed in the past.  However, some stretches of land with unaffected 

bush do occur. 

 

3.3 The heritage potential of the Exxaro 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.  

 

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. 
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Figure 2- The larger Exxaro Project Area seen from the air during the winter. 
Outstretched open savannah veld with little surface water is a dominant 
feature of the landscape. This inhospitable environment was not conducive 
for human settlement in the past. 
 

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 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). 
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4 METHODOLOGY 
 

This Phase I HIA study was conducted by means of the following: 

• Surveying the proposed Exxaro Project Area with a vehicle and selected 

spots on foot. 

• Briefly surveying literature relating to the pre-historical and historical 

context of the Exxaro Project Area. 

• Consulting maps of the proposed Exxaro Project Area.  

• Consulting archaeological (heritage) data bases. 

• Consulting spokespersons regarding the possible presence of graves and 

graveyards in the Exxaro Project Area. 

• Synthesising all information obtained from the data bases, fieldwork, maps 

and literature survey. 

 

4.1 Fieldwork 
 

The proposed Exxaro Project Area was surveyed with a vehicle where accessible 

roads existed while selected, potentially sensitive locations in the Exxaro Project 

Area were surveyed on foot. 

 

4.2 Databases, literature survey and maps 
 

Databases kept and maintained at institutions such as the Provincial Heritage 

Resources Agency (PHRA) and the Archaeological Data Recording Centre at the 

National Flagship Institute (Museum Africa) in Pretoria were consulted to determine 

whether any heritage resources of significance has been identified during earlier 

heritage surveys in or near the Exxaro Project Area.  

 

The author is acquainted with the Exxaro Project Area at large as he had done 

several heritage impact assessment studies near the Exxaro Project Area (see Part 

8, ‘Select Bibliography’). 
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Literature relating to the pre-historical and the historical unfolding of the Exxaro 

Project Area was reviewed (see Part 5, ‘Contextualising the Exxaro Project 

Area’).  

 

It is important to contextualise the pre-historical and historical background of the 

Exxaro Project Area in order to comprehend the identity and meaning of heritage 

sites in and near the Exxaro Project Area.  

 

Maps outlining the Exxaro Project Area were studied (2326 Lephalale; 1:250 000 

map & 2327 Lephalale 1:50 000 topographical map). 

 
4.3 Assumptions and limitations 
 

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

the Exxaro Project Area as heritage sites may occur in thick clumps of 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 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 Archaeologists 

(ASAPA) should be notified in order to determine appropriate mitigation 

measures for the discovered finds. This may include obtaining the necessary 

authorization (permits) from SAHRA to conduct the mitigation measures. 
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5 CONTEXTUALISING THE EXXARO PROJECT AREA 
 

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

the Exxaro Project Area.  

 

5.1 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 

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.   

 

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. 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.  
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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 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. No mountains or ridges with caves occur in the 

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.    

 

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

Mountains to the south of the Exxaro Project Area.   

 

5.2 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).  
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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. 

 

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 Exxaro Project Area or near confluences 

between major rivers and small streams. 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 Exxaro Project Area 

during the EIA. 

 

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.  
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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.  

 

Nelsonskop is the only topographical feature in close proximity of the Exxaro 

Project Area, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3- Nelsonskop, a small sandstone kopje to the north of the Exxaro 
Project Area and the Grootegeluk Mine. 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. 
 

No historically known tribal groupings or clans occupied the Exxaro Project Area 

during the LIA or the Historical Period. Communities known as the ‘Vaalpense’ 
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(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. 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. 
 
5.3 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 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. 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 
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subsistence patterns. Cattle ranching and crop planting have in many instances, 

been replaced by game farming. 

 

The opening of the Grootegeluk Mine in the 1960’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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6 THE PHASE I HERITAGE IMPACT ASSESSMENT STUDY 
 
6.1 Types and ranges of heritage resources 
 
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.  

 

The Phase I HIA study is now briefly discussed and illustrated with photographs. 

 

 
 
Figure 4- The Exarro Project involves the construction of a new entrance 
area for the Grootegeluk Mine near Lephalale in the Limpopo Province . 
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Figures 5 & 6- The western stretch as well as the eastern extent of the 
elongated Project Area incorporates existing infrastructure (above and 
below).     
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Figure 7- The eastern extent of the Project Area has been disturbed by 
features such as a road and other ongoing activities (above). The southern 
(or middle) part of the Project Area includes the bulk of existing infrastructure 
although a patch with pristine bush also exists south of the tar road (below).  
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6.2 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.  
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7 CONCLUSION AND RECOMMENDATIONS 
 

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.  

 

Consequently, from a heritage point of view the development of the Exxaro 

Project can be supported. 

 

 
DR JULIUS CC PISTORIUS 
Archaeologist & Heritage Consultant 
Member ASAPA 
 
 

 

 

 

 

 

 

 

 

 

 

 



 24 

8 SELECT BIBLIOGRAPHY 
 
Bergh, J.S. (red.) 1998. Geskiedenisatlas van Suid Afrika. Die vier noordelike 

provinsies. J.L. van Schaik: Pretoria. 

 

Biemond, W.M. 2002. The Iron Age sequence around a Limpopo river floodplain on 

Basinghall Farm, Tuli Block, Botswana. Unpublished: University of Pretoria M.A. 

research proposal. 

 

Erasmus, B.P.J. 1995. Oppad in Suid Afrika. ‘n Gids tot Suid Afrika, Streek vir 

Streek. Jonathan Ball Uitgewers Bpk. 
 

Inskeep, R.R. 1978. The peopling of Southern Africa. David Philip: Cape Town. 

 

Mason, R. 1962. Prehistory of the Transvaal. Johannesburg: Witwatersrand 

University Press.   

 

Naude, M. 1990. Die Transvaalse Boerewoning. Africana Society of Pretoria (8): 

46-49. 

 

Naude, M. 2004. Oral evidence on the construction of vernavcular farm dwellings in 

the Waterberg (Limpopo Province). South African Journal of Cultural History. 18(1): 

34-61 

 

Pistorius, J.C.C. 2004. A Phase I Heritage Impact Assessment (HIA) study for 

the proposed new Tambotie Private Game Rererve on the farms Jonkershoek 

580LQ and Bellevue 582LQ in the Limpopo Province of South Africa. 

Unpublished report for Landscape Dynamics 

 

Pistorius , J.C.C. 2005. A Phase I Heritage Impact Assessment (HIA) study for 

four eco-type residential developments on the farms Wolmunster 108LQ, 



 25 

Rustenburg 105LQ, New Lands 109LQ and Alpha 103LQ near Lephalale 

(Ellisras) in the Limpopo Province of South Africa. Unpublished report for 

Landscape Dynamics 

 

Pistorius, J.C.C. 2003 -2006. Various Phase I HIA studies for Exxaro’s rural power 

lines occurring on the following farms: Geelbeksvley, Rob Roy, Other World, 

Wentzel, Ouhoek. Vaalpenskraal, St Agnes and Dwars-in-de-Weg. 

 

Pistorius, J.C.C.. 2007. A Phase I Heritage Impact Assessment study for the 

Eskom Mmamabula Delta Project near Lephalale in the Limpopo Province of South 

Africa. Unpublished report for Eskom Megawattpark. 
 

Pistorius, J.C.C.. 2007. A Phase I Heritage Impact Assessment study for Anglo 

Coal’s proposed 37 exploratory gas wells project on the farm Nooitgedacht 403LQ 

north-west of Lephalale in the Limpopo Province of South Africa. 

 

Van Der Ryst, M. 1998. The Waterberg Plateau in the Northern Province, 

Republic of South Africa, in the Later Stone Age. BAR International Series 715. 

 

Van Der Ryst, M., Lombard, M., & Biemond, W. 2004. Rocks of potency: 

engravings, cupules from the Dovedale Ward, southern Tuli Block, Botswana. 

South African Archaeological Bulletin, 59 (179), p1-11. 

 

Van Schalkwyk, J. 2005. A Phase Heritage Impact Assessment for Exxaro’s 

proposed new Matimba B Power Station near Lephalale in the Limpopo Province 

of South Africa. Unpublished report prepared for Bholweki Environmental and 

Eskom Megawatt Park. 

 

 
 
 
 



 26 

APPENDIX A 
Some remarks on 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 
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the cultures, traditions and lifestyles of the people or groups of people of 

South Africa. 

• 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. 
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• 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. 

• 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 peoples 

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 (refer to plan). 

• 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 involve permitting 

processes, require the input of different specialists and the co-operation and 

approval of 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 Exxaro Coal (Pty) 

Ltd’s (Exxaro) proposed new cyclic operated coal slurry pond system in the Grootegeluk 

Mine near Lephalale in the Limpopo Province. The construction of the proposed new 

cyclic operated coal slurry pond system is hereafter referred to as the Exxaro Project 

whilst the area to be affected by the proposed new cyclic operated coal slurry pond 

system 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 (‘national 

estate’) as outlined in Section 3 of the National Heritage Resources Act (No 25 of 

1999) do occur in the Exxaro Project Area and, if so to determine the significance 

of these heritage resources; and 

• To make recommendations regarding the mitigation and management of 

significant heritage resources that may be affected by the 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.  

 

However, it is possible that this Phase I HIA study may have missed heritage resources 

in the Exxaro Project Area as heritage sites may occur in thick clumps of 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 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 Archaeologists (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. 
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Consequently, from a heritage point of view the development of the proposed Exxaro 

Project can be supported. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 4

CONTENTS 

 
 EXECUTIVE SUMMARY       2 
 

1 INTRODUCTION        5 

 
2 TERMS OF REFERENCE       7 
 

3 THE EXXARO PROJECT AREA      8 
3.1 Location         8 

3.2 Development components of the Exxaro Project   8   

3.3 The heritage potential of the Exxaro Project Area   10 

 
4 METHODOLOGY        12 
4.1 Fieldwork         12 

4.2 Databases, literature survey and maps     12 

4.3 Assumptions and limitations      13 

 
5 CONTEXTUALISING THE EXXARO PROJECT AREA  14 
5.1 The Stone Age (hunter gatherers)      14 

5.2 The Iron Age (earliest farmers)      15 

5.3 The Historical Period       18 

 
6 THE PHASE I HERITAGE IMPACT ASSESSMENT STUDY  20 
6.1 Types and ranges of heritage resources     20 

6.2 Summary         23 

 
7 CONCLUSION AND RECOMMENDATIONS    24 
 

8 SELECT BIBLIOGRAPHY       25 
 
APPENDIX A         27 



 

 5

1 INTRODUCTION  
 
This the report contains the results of a Phase I Heritage Impact Assessment 

(HIA) study that was done for the Exxaro Resources’ (Exxaro) proposed new 

cyclic operated coal slurry pond system in the Grootegeluk Mine near Lephalale 

in the Limpopo Province. 

 

Focused archaeological research has been conducted in the Limpopo Province 

for several decades. This research consists of surveys and excavations of Stone 

Age and Iron Age sites as well as of the recording of rock art and historical sites 

in this area. The Limpopo Province has a rich heritage comprised of remains 

dating from the pre-historical and from the historical (or colonial) periods of South 

Africa. Pre-historical and historical remains in the Limpopo Province form a 

record of the heritage of most groups living in South Africa today.  

 

Heritage resources in the Limpopo Province therefore constitute a rich and wide 

diversified range (comprising the ‘national estate’) as outlined in Section 3 of the 

National Heritage Resources Act (Act 25 of 1999) (see Box 1, next page). A 

number of terms that are used in this report is also defined in Appendix A. 
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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; 
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2 TERMS OF REFERENCE 
 

In order to comply with heritage legislation, Exarro requires knowledge of the 

presence, relevance and the significance of any heritage resources that may be 

affected by the Exxaro Project. Exarro needs this knowledge in order to take pro-

active measures with regard to any heritage resources that may be affected, 

damaged or destroyed when the Exxaro Project is implemented. Golder, the 

environmental company responsible for compiling the Environmental Impact 

Assessment for the Exxaro Project therefore commissioned the author to undertake 

a Phase I HIA study for the Exxaro Project Area.  

 
The aims with the Phase I HIA were the following: 

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

(‘national estate’) as outlined in Section 3 of the National Heritage 

Resources Act (No 25 of 1999) do occur in the Exxaro Project Area and, if 

so to determine the significance of these heritage resources; and 

• To make recommendations regarding the mitigation and management of 

significant heritage resources that may be affected by the Exxaro Project. 
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3 THE EXXARO PROJECT AREA 
 
3.1 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 and currently 

produces 17.5 Mtpa (million tons per annum). Most of the production is thermal 

coal, which is sent to Eskom’s existing Matimba Power Station by means of a 7.0 

km conveyor belt. About 18% of the mine’s production consist of semi-soft coking 

and metallurgical quality coal, which is sold to local and international steel and 

ferroalloy plants (Figures 1 & 4) (2326 Lephalale; 1:250 000 map & 2327 Ellisras 

1:50 000 topographical map).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- The existing Grootegeluk slurry facilities in relation to the coal 
mining operations. 
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3.2 Development components of the Exxaro Project  
 

Approximately 900 000 dry tons of coal slurry per year are pumped from the coal 

beneficiation plants at Grootegeluk Mine to the conventional tailings dam (Dams 

No 1 & 2, Figures 1 & 4). This facility will reach end of life by Dec 2012. By the 

end of 2011 the reclaimable fines from old slurry deposits will be exhausted as 

the two old dams will be cleared out. The moisture content of the slurry deposited 

on the main facility makes it impossible to do any reclamation until the slurry has 

sufficiently dried out, this process could take a long time (Figures 1 & 4). 

 

Environmental legislation prevents any further use of the old dams for storage of 

slurry after they are cleared out, as they are unlined. A specially designed 

storage and reclamation facility will therefore be constructed and commissioned 

to comply with the legislation regarding the storage of mine waste. The cyclic 

operated coal slurry pond system will also reduce the mine waste and increase 

the utilization of the coal resource, by selling all the conventional fines to Eskom. 

To minimise the impact on the environment the position of the new facility will be 

on the footprint of the old Dam No 3 (Figure 1 & 2).  

 

The cyclic operated coal slurry pond system will consist of 4 ponds, which will be 

in different phases of operation and drying out, to ensure that reclaiming 

proceeds continuously and uninterrupted. An 80 000m3 return water dam will 

return the water back to the plant process water via a new pipeline. Reclaiming of 

fines from the facility will initially be by diesel operated tipper trucks and front end 

loaders. The planned construction of a conveyor belt system will in future blend 

the reclaimed fines with the Matimba dispatching conveyor belt system (Figures 

1 & 4). 
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3.3 The heritage potential of the Exxaro 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 2- 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. 
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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 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). 
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4 METHODOLOGY 
 

This Phase I HIA study was conducted by means of the following: 

• Surveying the proposed Exxaro Project Area with a vehicle and selected 

spots on foot; 

• Briefly surveying literature relating to the pre-historical and historical 

context of the Exxaro Project Area; 

• Consulting maps of the proposed Exxaro Project Area;  

• Consulting archaeological (heritage) data bases; 

• Consulting spokespersons regarding the possible presence of graves and 

graveyards in the Exxaro Project Area; and 

• Synthesising all information obtained from the data bases, fieldwork, maps 

and literature survey. 

 

4.1 Fieldwork 
 

The proposed Exxaro Project Area was surveyed with a vehicle where accessible 

roads existed while selected, potentially sensitive locations in the Exxaro Project 

Area were surveyed on foot. 

 

4.2 Databases, literature survey and maps 
 

Databases kept and maintained at institutions such as the Provincial Heritage 

Resources Agency (PHRA) and the Archaeological Data Recording Centre at the 

National Flagship Institute (Museum Africa) in Pretoria were consulted to determine 

whether any heritage resources of significance has been identified during earlier 

heritage surveys in or near the Exxaro Project Area.  

 

The author is not unacquainted with the Exxaro Project Area at large as he had 

done several heritage impact assessment studies near the Exxaro Project Area 

(see Part 8, ‘Select Bibliography’). 



 

 13

Literature relating to the pre-historical and the historical unfolding of the Exxaro 

Project Area was reviewed (see Part 5, ‘Contextualising the Exxaro Project 

Area’).  

 

It is important to contextualise the pre-historical and historical background of the 

Exxaro Project Area in order to comprehend the identity and meaning of heritage 

sites in and near the Exxaro Project Area.  

 

Maps outlining the Exxaro Project Area were studied (2326 Lephalale; 1:250 000 

map & 2327 Lephalale 1:50 000 topographical map). 

 
4.3 Assumptions and limitations 
 

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

the Exxaro Project Area as heritage sites may occur in thick clumps of 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 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 Archaeologists 

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

for the discovered finds. This may include obtaining the necessary authorization 

(permits) from SAHRA to conduct the mitigation measures. 
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5 CONTEXTUALISING THE EXXARO PROJECT AREA 
 

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

the Exxaro Project Area.  

 

5.1 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 

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.   

 

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. 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.  
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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 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. No mountains or ridges with caves occur in the 

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.    

 

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

Mountains to the south of the Exxaro Project Area.   

 

5.2 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).  
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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. 

 

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 Exxaro Project Area or near confluences 

between major rivers and small streams. 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 Exxaro Project Area 

during the EIA. 

 

EIA as well as LIA communities did not prefer the flat outstretched sand veldt 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.  
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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.  

 

Nelsonskop is the only topographical feature in the Exxaro Project Area, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3- Nelsonskop, a small sandstone kopje to the east of the Exxaro 
Project Area and the Grootegeluk Coal Mine. 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. 
 

No historically known tribal groupings or clans occupied the Exxaro 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 
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be found. These communities were nomadic hunters and herders before they 

became employed by the first colonial farmers. 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. 
 
5.3 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 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. 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 
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subsistence patterns. Cattle ranching and crop planting have in many instances, 

been replaced by game farming. 

 

The opening of the Grootegeluk Mine in the 1960’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 Matimba 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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6 THE PHASE I HERITAGE IMPACT ASSESSMENT STUDY 
 
6.1 Types and ranges of heritage resources 
 
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.  

 

The Phase I HIA study is now briefly discussed and illustrated with photographs. 

 

 
Figure 4- The Exarro Project involving the construction of a new cyclic 
operated coal slurry pond system in the Grootegeluk Coal Mine near 
Lephalale in the Limpopo Province. 
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Figures 5 & 6- Existing Slimes dams 1 and 2 (background) with return water 
dam (foreground, above) and the area to the north of these dams as well as 
existing slimes dam 3 (below) reveal no heritage resources of significance 
which may be affected when proposed cyclic slurry pond is constructed on 
the foot print of slimes dam 3.    
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Figure 7- The western borders of the no 1 and no 2 slimes dam where an 
access road and possible contractors’ camp will be located has been 
disturbed in the past although clumps with indigenous trees still occur. No 
heritage resources of  significance were observed  in this area (above).  
 
No heritage resources of significance were observed along the western perimeters 

of the no 1 and 2 slimes dams where a buffer zone for an access road and a 

potential contractors’ camp are to be established.  

 

The north-eastern corner of the Exxaro Project Area (east of the no 3 slimes dam) 

also holds no heritage resources. A proposed Water Return Dam (WRD) may be 

established on this spot. 

 

The existing road between the coal storage facility and the no 1 and 2 slimes dam 

which has to be upgraded also revealed no heritage resources of significance 

(Figure 4).   
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6.2 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.  
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7 CONCLUSION AND RECOMMENDATIONS 
 

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.  

 

Consequently, from a heritage point of view the development of the Exxaro 

Project can be supported. 

 

 

 
DR JULIUS CC PISTORIUS 
Archaeologist & Heritage Consultant 
Member ASAPA 
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APPENDIX A 
 
Some remarks on 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 
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the cultures, traditions and lifestyles of the people or groups of people of 

South Africa. 

• 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. 
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• 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. 

• 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 peoples 

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 (refer to plan). 

• 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 involve permitting 

processes, require the input of different specialists and the co-operation and 

approval of SAHRA. 
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