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ABSTRACT 

Water is an essential resource for any life on earth but water is also the most poorly 

managed of all resources. Many countries are facing a water crisis and South Africa 

is no exception. The dolomitic groundwater compartments of the West Rand and Far 

West Rand are one of the most important aquifers in South Africa. The problem is 

that the area houses some of the richest gold mines and most of the compartments 

have been dewatered resulting from the mining activities. The Gemsbokfontein 

Dolomitic Groundwater Compartment is one of the five regional groundwater 

compartments and North Shaft, Harmony Gold Ltd is situated within the 

compartment. The mine has reached its life span in 2002 and there is a possibility 

that the mine can be flooded. This will result in the Gemsbokfontein Compartment 

being flooded and will eventually decant into the Wonderfonteinspruit. The objectives 

of this study was to determine the rate of recharge of the compartment and the 

volume of discharge at the decant point. The results showed that the compartment 

would take between 5.8 years and 46.19 years to flood and that the flooding rates 

are sensitive to the effective porosity of the zones modelled. Once the compartment 

is filled, it will start to decant at the original 14 mUday and flow into the 

Wonderfonteinspruit. Once the compartment starts to flood, the model will have to 

be redefined with the measured parameters. 



Water is 'n baie belangrike natuurlike hulpbron vir lewe op aarde, maar is die 

hulpbron wat die swakste bestuur word. Daar is baie lande wat 'n water krisis in die 

gesig staar en Siud - Afrika is geen uitsondering nie. Die dolomitiese grondwater 

kompartemente van die Wes Rand en V&re Wes Rand is een van die belangrikste 

waterdraers in Suid Afrika. Die probleem is dat van die rykste goudmyne in die land 

hier gelee is en dat die mynbou aktiwiteite die meeste van die kompartemente 

ontwater het. Die Gemsbokfontein dolomitiese grondwater kompartement is een van 

die vyf regionale grondwater kompartemente en Harmony Gold Ltd se Noord Skag is 

in die kompartement gelee. Teen 2002 het die myn die einde van sy produksie 

leeftyd bereik, en die moontlikheid bestaan nou dat die myn oorvloei kan word. Dit 

sal tot gevolg he dat die Gemsbokfontein kompartement herwater word en die water 

metter tyd sal uitvloei in die Wonderfonteinspruit. 

Die doel van hierdie studie was om vas te stel wat die tempo van herwatering in die 

kompartement sal wees, en wat die volume van die vloei by die oorvloei punt sal 

wees. Die studie het getoon dat die kompartement tussen 5.8 en 46.19 jaar sal 

neem om te herwater, afhangend van die effektiewe porositeit van die sones wat 

gemodelleer is. Die oorvloei volume is aangeneem om die selfde te wees as die 

oorspronklike volume van 14 mUdag. Namate die kompartement herwater word, sal 

die model verfyn kan word sodat die oorvloeidatum en volume met groter 

akkuraatheid voorspel sal kan word. 

iii 

- 



ACKNOWLEDGEMENTS 

I would like to thank my supervisor Prof. I.J. van der Walt for all his advice and 

criticism during my previous drafts of the text. It is greatly appreciated. Special 

thanks must go to Clive Parsons, Kobus Schwartz and Koos Viviers for all their time, 

help and patience given to me during the course of the write up. The moral support 

from my friends and family must also be mentioned. Opinions expressed in this work 

or the conclusions drawn are mine and not to be attributed to any particular 

institution. 



CONTENTS 

List of Figures 

List of Tables 

viii 

X 

Chapter 1. INTRODUCTION 

I. I Introduction 

1.2 Water in South Africa 

1.3 Gold mining's affect on water 

1.4 The study framework 

1.4.1 Locality 

1.4.2 Study Origin and Objectives 

1.4.3 Methodology 

1.5 Previous work 

1.5.1 Far Western Basin. Groundwater Modelling Exercise 

1.5.2 Predicted Rate of Rewatering of the Gemsbokfontein 

Groundwater Compartment 

1.5.3 Post Mining Impacts of Gold Mining on the Far West 

Rand and West Wits Line 

1.5.4 Shortcomings of Previous Investigations 

Chapter 2. THE STUDY AREA BACKGROUND INFORMATION 

2.1 Boundaries 

2.2 Topography 

2.3 Physiography 

2.3.1 Climate 

2.3.2 Land use 

2.3.3 Vegetation 

2.3.4 Drainage 



Chapter 3. GEOLOGY OF THE STUDY AREA 

3.1 Regional Setting 

3.2 Regional Stratigraphy 

3.3 Regional Structure 

3.3.1. Structure of the Witwatersrand Basin 

3.3.2. Structure of the West Rand Goldfields 

3.4 Local Stratigraphy 

3.5 Local Structure 

Chapter 4. GEOHYDROLOGY 

4.1 Geohydrology 

4.2 General Geohydrological considerations 

4.3 North Shaft, Harmony Gold Ltd 

4.3.1 Shaft History 

4.3.2 Reef bands mined at North Shaft 

4.3.3 History of the Mine Leading to Dewatering 

4.3.3.1 Pre-inflow Period 

4.3.3.2 Water inflow Period 

4.3.3.3 Dewatering Period 

4.3.3.4 Rewatering Period 

4.3.4 North Shaft's Pumping Infrastructure 

4.4 Current Potentiometric levels at North Shaft 

Chapter 5. GROUNDWATER MODELLING 

5.1 Introduction 

5.2 Aim of the Groundwater model 

5.3 Conceptual Model 

5.3.1 Boundary conditions of the aquifer 

5.3.2 Thickness of all the aquifers and the confining layers 

5.3.3 Groundwater Balance 

5.3.4 Mined out volume for North Shaft 



5.3.5 Controlling factors for the Gemsbokfontein Western Sub 

Compartment Model 58 

5.4 Mathematical Model for the Gemsbokfontein Western Sub Compartment 59 

5.5 Analytical Model 60 

5.6 Model Results 61 

Chapter 6. SYNTHESIS 

6.1 Conclusion 

6.2 Recommendations 

REFERENCES 

ANNEXURES 



List of Figures 

Figure 1. Locality of North Shaft, Harmony Gold Ltd 

Figure 2. Major Ground Water Compartments of the West Rand 

Figure 3. Gemsbokfontein Compartmental Boundaries 

Figure 4. Land use map for the Johannesburg area 

Figure 5. Vegetation map of the Johannesburg area 

Figure 6. Main Catchment areas of the Johannesburg area 

Figure 7. Surface geology of the West and Central Rand 

Figure 8. Surface Rock Types of the Johannesburg area 

Figure 9. West Rand Stratigraphy 

Figure 10. Surface Geology of the North Shaft area 

Figure 11. North Shaft Stratigraphic Column 

Figure 12. Diagrammatic west-east section showing the convergence of 

reefs and the middling problem at North Shaft 

Figure 13. Major structural features of the West Rand and the economic 

reef horizons being mined 

Figure 14. Surface geology of the Gemsbokfontein Dolomitic groundwater 

compartment 

Figure 15. Surface geology of the eastern inliers and location of the sinkholes 

Figure 16. Diagrammatic section showing North Shaft as well as cavern 

formation 

Figure 17. A diagrammatic sequence illustrating sinkhole development following 

dewatering of dolomites 

Figure 18. Typical Karst topography 

Figure 19. Cross-section through North Shaft showing the Pretoria Series 

as the surface layer 

Figure 20. North Shaft underground pumping infrastructure 

Figure 21. Surface pumping infrastructure 

Figure 22. Three- dimensional box model for the Gemsbokfontein Western 

Sub Compartment showing the boundary conditions 

Figure 23. Horizontal levels of the Gemsbokfontein Western Sub 

Compartment Conceptual model 

Figure 24. Groundwater balance for the Gemsbokfontein Western Sub 

Compartment 

viii 



Figure 25. The flooding rates for the Gemsbokfontein Western Sub 

Compartment 



List of Tables 

Table 1. Summary of water quality (mglL) of the various dams along the 

Wonderfonteinspruit. 

Table 2. Gemsbokfontein Compartment average groundwater balance. 

Table 3. Model Parameters (effective porosity) 



CHAPTER 1 

INTRODUCTION 

1 .I INTRODUCTION 

Water is an essential resource for any life on earth and without water of adequate 

quality and quantity, life as we know on earth would cease to exist and sustainable 

development cannot take place (Bartram & Ballance, 1996:l). Water is also 

considered to be the most poorly managed of all resources (Miller, 2002:296). 

Water is a finite resource and the quality of water has a direct effect on the quality of 

life (Atkinson, 1997: 273). Water quality is a consequence of the natural physical and 

chemical state of the water as well as any alterations that may have occurred as a 

result of human activities (Fetter, 2001:385). 

Many countries are facing a water crisis and water demands are close approaching 

the natural limits of the resource (Bandyopadhyay et al, 2002:l). However, most 

countries water problems arise from inefficient and unsustainable use of water 

(Water, nd: 6). 

1.2 WATER IN SOUTH AFRICA 

South Africa is a water stressed country due to the country's unpredictable rainfall, 

high evaporation rates and low conversion to runoff and rate of demand is close to 

the rate of supply (SOER, NW, 2002: (10) 1). Water resources in South Africa are 

also unevenly distributed due to South Africa's topography and rainfall distribution. 

Most of South Africa is underlain by hard rock formations and do not contain much 

groundwater (Steyl, 1999: 1). 

South Africa is a semi-arid country with an average rainfall of 450mm per year while 

the world average rainfall is 860mm per year. South Africa's major rivers are shared 

with neighbouring countries. Eleven of the nineteen water management areas in 



South Africa are facing a water deficit and the water demand exceeds the availability 

of water (SOER, NW, 2002: (10) 1). 

South Africa is still experiencing a population growth that is forecasting growth rates 

that the country is growing too fast for its limited resources, water being one of the 

major resources (SOER, NW, 2002: (1 0) 2). 

The growing demand for water whether it is for industry, mining and agriculture has 

had a direct impact on the surface water quality and quantity. For this reason, 

groundwater has become a source of water and the dolomites are thought to be the 

most productive water bearing rock type in South Africa (Bamard, 2000:l). 

1.3 GOLD MINING'S EFFECT ON WATER 

The dolomitic aquifers in the West and Far West Rand are one of the most important 

aquifers in South Africa. The problem in this area is that it also houses some of the 

richest gold mines and other important industries, which has had an adverse effect 

on the groundwater levels and groundwater quality (Usher & Scott. 2001:(5) 1). 

A major effect that mining has had on the aquifers of the West Rand is on the water 

quantity as most of these compartments have been dewatered to some degree. In 

some instances, the compartmental forming dykes have been mined through (Usher 

& Scott. 2001:(5) 1). 

1.4 THE STUDY FRAMEWORK 

1.4.1 Locality 

The Gemsbokfontein Dolomitic Groundwater Compartment is situated 15km due 

south of Randfontein and is one of the five regional dolomitic groundwater 

compartments of the West Rand.lt is a trapezium shaped with a surface area of 

114.7km2 extending eastwards from the RandfonteinNereeniging road to the 

LenzILawley road and southwards from the Donaldson Dam to Placer Dome's South 

Shaft. 



The compartment is flanked to the north by the Zuurbekom Compartment and to the 

west by the dewatered Venterspost Compartment. The mine that is of concern and 

having an effect on the study area is North Shaft, Harmony Gold Ltd and is situated 

within the concerned groundwater compartment (Figure 1). 

Figure 1. Locality of North Shaft, Harmony Gold Ltd (Tregoning and Barton, 

1990:602). 

1.4.2 Study Origin and Objectives 

Harmony's North Shaft has reached its life span and possible closure is looming. 

There is a possibility that pumping will be stopped when North Shaft closes and the 

possible effects of this process need to be considered. If pumping ceases on North 

Shaft, the mine will flood and the end result will be that the Gemsbokfontein 

Groundwater Compartment will be rewatered. This will be the first dolomitic 

compartment that will be rewatered after mining and the possible effects on water 



quantity need to be considered, as this water could find its way into the 

Wonderfonteinspruit River system. 

The objectives of the study are to determine: 

the rate of recharge of the wmpartment, and 

the volume of water discharge at the decant point. 

Although water qual~ty impacts will also need to be considered when a dolomitic 

wmpartment is flooded, its falls beyond the scope of this study. 

1.4.3 Methodology 

A literature research will be conducted to find historical data on the compartment. 

Existing information from published and unpublished reports, unpublished and 

published maps and plans as well as various unpublished shaft records will be 

obtained for a background summary of the study area. 

A brief overview of the area under investigation in terms of climate, geology, 

geomorphology and Geohydrology will be given. The current situation will also be 

discussed with the main emphasis on the geohydrological environment as far as 

rewatering is concerned. 

A conceptual model will be drawn up using the historical data and shafl records. A 

mathematical model will then be developed based on the conceptual model. Once 

the mathematical model is developed, an analytical model will be developed using 

an Excel spreadsheet. The end result of the analytical model will be the expected 

flooding rate of the Gemsbokfontein dolomitic compartment. 

1.5 PREVIOUS WORK 

Many studies have been done with respect to dewatering for example: Water 

ingression via surface boreholes, Dolomitic Raise Project, Gully drilling project, 

Surface Drilling Scheme and Grout Blanket and Barrier Scheme (Smith, 1994: 142). 



"Rison Consultingn has done two projects, one to build a groundwater model for the 

Gemsbokfontein Compartment and the other to try and assess the rate of 

rewatering. The project reports are summarised below: 

1.5.1 Far Western Basin Groundwater Modelling Exercise, Rison Consulting, 

August 1999. 

The report was the first attempt in modelling the Far Western Basin. Rison 

developed a conceptual groundwater model and this model formed the basis for all 

subsequent flow modelling in their report. The model was built upon previous work, 

geological and geophysical surveys and historical monitoring data. 

A water balance was developed for the Gemsbokfontein Dolomitic Groundwater 

Compartment. A total recharge volume of 70.5 MUday was calculated with rainfall 

recharge being 51%, inter compartmental flow of 27%, recirculation being 18% and 

artificial recharge being 4%. 

A 2 layered MODFLOW ground water model was developed whereby the upper 

layer consists of the shallow weathered dolomitic aquifer and the underlying layer 

consists of the fresher, fractured dolomites. A sensitivity analysis has shown that the 

critical factors affecting the model are recharge to the compartment and the 

permeability of the conduits between the underground workings and the overlying 

dolomites. 

1.5.2 Predicted Rate of Rewatering the Gemsbokfontein Groundwater 

Compartment, Rison Consulting, November 2001 

The report was an update and an improvement on the first report. The groundwater 

recovely was divided into two components namely, the dolomitic groundwater 

compartment and the mine void. A 3-D model of the mine void was established. This 

was done by using the electronic peg database of the mine. Stope pegs were used 

and slices of 10m intervals were made of the mine void. This allowed for more 

accurate modeling of the water level rises between the pumping stations on 50,41 



and 33 Level. Based on the results obtained from this model, Rison calculated that 

the mine void would take 12 months to flood if no pumping takes place. 

The recovery levels for the dolomite aquifer were determined with the aid of the 

groundwater model. The model calculated that the groundwater levels in the 

dolomitic aquifer will continue to decrease while the mine void fills and will only 

increase once the mine void is full. The groundwater levels in the aquifer will reach 

the decant level of 1559 mamsl will at various intervals of 7-79 months. Full recovery 

of both the mine void and the dolomitic aquifer will take approximately 7.5yrs. 

1.5.3 Post Mining Impacts of Gold Mining on the Far West Rand and West Wits 

Line. 

Usher and Scott (2001) 

The main aim of the report was on the predictive techniques and preventative 

measures for post mining operations. The report's main focus was on the impacts of 

underground mining on the quantity and quality of the ground water compartments. 

Modelling was done for the surface water pollution of the West Rand, modelling of 

the Bank Compartment and then modeling pollution due to rewatering. A two- 

dimensional finite element model was developed using AquaMod for Windows to 

model possible surface pollution distributions. A threedimensional model was 

developed for modelling the Bank Compartment. 

1.5.4. Shortcomings of Previous Investigations. 

All three reports had uncertainties in the models. 

A problem encountered with the Rison first report was that the aquifer was only 

divided into a two-layered model, grouping the dolomites (both fractured and shallow 

weathered dolomites) above the mine void into one group. The twodolomite layers 

are different in character and one can expect that their characteristic would be 

different. When the dolomitic layers are modelled, these characteristics would need 

to be taken into consideration and modeled accordingly. No rate of recharge was 

modeled in the report. 



A problem with the recharge model that Rison Consulting developed is the 

parameters used, as there is limited information available on flooding rates and the 

exact characteristics of the aquifer. The aquifer was only divided into the mine void 

(artificial aquifer) and the dolomites (natural aquifer). No consideration was made in 

the model for the differences in aquifer characteristics between the deeply 

weathered dolomites and fractured dolomites. The surface area of the aquifer was 

defined as a 15 km by 15km area, which included the Pretoria series, even though 

only a small portion of the area contains Dolomitic inliers and they are hydraulically 

connected to the main aquifer. 

With the third report there are knowledge gaps, which have an influence on the 

models such as where the holes are in the dykes, which mines are hydraulically 

connected, where mining has encroached on dykes so that mining has induced 

fractures which could allow leakage. The lack of measurements and known 

parameters have an influence on the various model results. However, none of the 

models covered the Gemsbokfontein Ground Water Compartment, which is unique 

as it can be defined as a confined aquifer. The other compartments are defined as 

unconfined aquifers as the compartmentalising forming dykes have been mined 

through. The parameters used are also estimates and would need to be redefined 

once flooding commences. 

All the models were built using complex models even though the information that is 

available to develop the models are limited and mostly unknown variables were 

used. A simplistic analytical approach is needed to test and verify the order of 

magnitude of these complex numerical models. 



CHAPTER 2 

STUDY AREA BACKGROUND INFORMATION 

2.1 BOUNDARIES 

Alkaline and mafic-alkaline dykes of the Pilanesburg age trending north south were 

emplaced in major vertical northerly to north-northeast orientated tension faults and 

fractures transecting the full sequence of volcanic and sedimentary rocks. The dykes 

divide the Transvaal Sequence rocks and specifically the dolomites into several 

ground water compartments along the West Rand (Parsons et al, 1988:5). The 

groundwater compartments from east to west are as follows (Parsons, 1986a: 25): 

Gemsbokfontein 

Zuurberkom, 

Venterspost 

Bank 

Oberholzer 

Turfontein Compartments (Figure 2). 



Figure 2. Major Ground Water Compartments of the West Rand (Parsons et al, 

1988: 3). 

Each of these compartments has their own water table elevation. There is a point of 

overflow in each compartment, which is situated at the lowest topographic point in 

each compartment. This is referred to as the eye (Usher & Scott, 2001:(5) 24). The 

eye in the Gemsbokfontein Compartment is situated approximately 7km northwest of 

North Shaft (Rison, 2001:25). 

The Gemsbokfontein Dolomitic Ground water compartmental boundaries (see Figure 

3) are as follows (SRK, 1985:4) 

Panvlakte dyke to the north (forming the boundary between the Zuurbekom 

and the Gemsbokfontein Compartments) 

Gemsbokfontein dyke to the west (separating the Venterspost and 

Gemsbokfontein compartments) 



Klip River dyke to the east 

Pretoria series to the south. 

Figure 3. Gemsbokfontein Compartmental Boundaries (Parsons & Gentz, 1995: 

40). 

The Magazine dyke, a mafic intrusion (see Figure 3), further divides the 

compartment into an eastern and western sub compartment (Parsons, 1986a: 25). 

The Venterspost compartment to the west of the Gemsbokfontein Dyke has been 

dewatered and there is a step in the water table elevations across the dyke. This 



could indicate that the dyke has a low permeability and indicates a south-westerly 

flow towards the dyke. The Magazine dyke is thought to have a low permeability 

(SRK, 1985: 4). 

Dolomitic outliers were mapped to the south of Gatsrand by Parsons (1986a: 7 & 

1989: 16). Parsons (1986a: 16) concluded that these outliers where hydraulically 

connected with the main compartment since the dolomites are continuous beneath a 

syncline of overlying Timeball Hill rocks. Parsons (1986a: 15) mapped a number of 

faults such as Waterpan and Jachtfontein faults, which have the potential to be 

groundwater conduits connecting the main compartment to these southern outliers. 

The faults are important as the faults connect the main dolomitic compartment with 

the southern dolomitic inliers, which in turn link the dolomitic compartment with the 

mine (Parsons, 1993:63). Parsons (1989: 16) concluded that the entire compattment 

is interconnected and the southern boundary of the Gemsbokfontein Compartment is 

the southern contact with the Rooihoogte rocks. 

2.2 TOPOGRAPHY 

The area consists of a series of low lands, hills and plains with low relief. The 

southern portion is characterised by a series of parallel hills, which form the 

Gatsrand. They have an average elevation of 1770m. The reminder of the area 

consists of gently undulating grasslands, which are dissected by the following: 

Wonderfonteinspruit to the north 

Kleinwes Rietspruit which flows east of the Peter Wright Dam 

Leeuspruit, which flows from the immediate vicinity of North Shaft to the 

south-southeast in the direction of South Shaft. 

Gatsrand divides the area into two sub areas, namely 

Northwards of the ridge are 7-8 km wide slopes which slope down towards 

the Wonderfonteinspruit in the northwestern corner and gently inclines to the 

northeast and the east, where it reaches the Kliprivier. 



Southwards where it is characterized by the hogs back ridges of Gatsrand 

and broad open valleys separated by the ridges in the east with gentle rolling 

topography intervening the ridges in the west (Parsons, 1986a: 9). 

2.3 PHYSIOGRAPHY 

2.3.1 Climate 

The climate is of a typical South African Highveld with hot summer days and warm 

sunny winter days with frost at night. The rainfall is predominantly summer (October 

to March) and is associated with thunderstorm activities. There is a mean annual 

precipitation of 702-748mm with a mean annual evaporation between 1400mm and 

800mm (Barnard, 2000:2). 

2.3.2 Land use 

The primarily land usage is cultivated land (see Figure 4) with agriculture, grazing 

and maize crop production being the main use. Residential areas of Westonaria and 

Simunye are also within the area. 

Surface mining and infrastructure is located in the southern portion of the westem 

sub-compartment in the vicinity of North Shaft and the northeastern corner in the 

vicinity of Cooke 3 Shaft (Rison, 1999: 2). 

2.3.3 Vegetation 

The vegetation consists of undulating grasslands, which are indicative of 

Bankenveld type (see Figure 5). Remnants of native vegetation (open savannah 

type) such as shrubby karoo and thorn trees occur on the hilly grounds where 

minimal disturbances have occurred (Tucker & Viljoen, 1986:650). 



Figure 4. Land use map for the Johannesburg area (DEAT, 2003:web). 

Figure 5. Vegetation map of the Johannesburg area (DEAT, 2003:web). 
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2.3.4 Drainage 

The primary catchment of the study area falls into the Middle Vaal River Catchment 

(see Figure 6). The Wonderfonteinspruit runs through the northern section of the 

compartment. The Donaldson Dam forms part of the Wonderfonteinspruit. The area 

south of Gatsrant range drains into the Kleinwesrietspruit and the Leeuspruit. This is 

in turn a tributary of the Vaal River. 

The Wonderfonteinspruit indicates a typical karst topography nature in the sense 

that the river disappears and reappears and thus the stream water quality will have 

an impact on the aquifer water quality and vice versa (Parsons, 1989:8). The 

Wonderfonteinspruit eventually runs into the Boskop Dam. This dam also receives 

water from the upper Mooi River which is unaffected by mining operations. 

Table 1: Summary of water quality (mglL) of the various dams along the 

Wonderfonteinspruit (SOER NW, 2002:6). 

The flow in the Leeuspruit and Kleinwes Rivierspruit are mainly due to mining 

operations discharging their underground water into the streams. The large volumes 

of mine water discharging into these streams are of a fairly good quality in term of its 

requirements for usage downstream (refer to Table 1). 

Surface water run - off related directly to the mining activities of North Shaft, consists 

of water from the Peter Wright dam northeast of the shaft and the metallurgical 

plants. The dam can overtlow into the Kleinwes Rietspruit. The origin of the Kleinwes 

Rietspruit lies at the Peter Wright Dam and flows in an easterly direction. 
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In 1996, 7.8 muday was diverted around the Peter Wright Dam and discharged into 

the Kleinwes Rietspruit (Pulles et al, 1996:12.7). 

Water pumped from the Mine is discharged into the Leeuspruit via an artificial 

furrow, southwest of the hostels. It flows southwards past South Shafl (Placer 

Dome), the Gold Plant and a tailings dam. It also has two small tributaries at South 

Shaft (Placer Dome) position (refer to Figure 20 and Figure 21 .). 

Figure 6.Main Catchment areas of the Johannesburg area (DEAT, 2003:web). 



CHAPTER 3 

GEOLOGY OF THE STUDY AREA 

3.1. REGIONAL SElTlNG 

The structure in the area is dominated by the Rand Anticline, which broadens in an 

east and southwest direction to form the Johannesburg and Western Domes. The 

Vredefort Dome is another dominant structural feature (refer to Figure 7). This 

feature is partly exposed in the south of the study area and separated from the Rand 

anticline by the Potchefstroom Syncline (Parsons et al, 1988:15). 

Figure 7. Surface geology of the West and Central Rand (Burnett, 199521). 
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The Wiatersrand (Wits) shales and quartzites containing conglomerate bands are 

unconformably overlying ancient granites and Archean schists. The remnants are 

exposed in the flanks of the Domes. Lavas and pyroclastic rocks of the Ventersdorp 

Supergroup then subsequently overlie these. These rocks are unconformably 

overlain by the dolomites, shales and quartzites of the Transvaal Supergroup. It is 

thought that the Wiatersrand basin is a northwest trending retroarc foreland basin. 

The W i  and the Ventersdorp rocks were gently folded and faulted prior to the 

deposition of the Transvaal Sequence and then all three sequences were co-axially 

folded, faulted and eroded to produce a broad regional pattern of a basin and dome 

structures. 

Alkaline and mafic-alkaline dykes of the Pilanesburg age trending north-south were 

then emplaced in a major vertical northerly to north-northeast orientated tension 

faults and fractures transecting the full sequence of volcanic and sedirnentaly rocks. 

The dykes divide the Transvaal Sequence rocks and specifically the dolomites into 

several ground water compartments along the West Rand. 

Each of these compartments has it's own water table elevation. There is a point of 

overflow in each compartment, which is situated at the lowest topographic point in 

each compartment. This is referred to as the eye. The eye in the Gemsbokfontein 

compartment is situated approximately 7km north west of North Shaft. 

3.2 REGIONAL STRATIGRAPHY 

The Chuniespoort Dolomites (see Figure 8) underlie the northem half of the area 

and are overlain southward by the Rooihoogte Formation and the Pretoria Group 

rocks. They dip generally southwards and various sections have been duplicated by 

tectonic processes (Parsons et al, 1988: 17). Figure 9 shows the West Rand 

Stratigraphy and Figure 10 shows the surface stratigraphy of the study area. 
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Figure 8. Surface Rock Types of the Johannesburg area (DEAT, 2003:web). 

Transvaal (TVL) Supergroup 

The northern portion of the Gemsbokfontein Compartment is underlain by the lower 

to middle TVL Supergroup, which contains a gently southwest dipping dolomite 

sequence. In the vicinlty of North Shaft and the Waterpan Village and southwards, 

the dolomite is overlain by a repeated, folded and faulted shale and shalelquartzite 

sequence (Parsons, 1986a: 4). 

In the northern portion of the shaft, a stratigraphic sequence of gently folded 

Chuniespoort Group Dolomites, which is overlain by Rooihoogte, and Timeball Hill 

Formation rocks of the Pretoria Group, is found. A repetition of the sequence is 

found to occur in the southern portion of the mine and the dolomitic inliers occurring 

in the central portion of the mine (Parsons, 1986a: 4). 



Black Reef Quartzite 

This forms the basal member of the TVL Sequence but does not outcrop in the study 

area. It consists of thin dark quartzites, shales and small pebble conglomerate that 

rest within a marked unconformlty in places upon the Ventersdorp and Wits rocks. 

This unit is usually between 25-30m thick (Tucker & Viljoen, 1986: 658) and (Visser, 

199858). 

It forms a thin, tabular body that dips uniformly to the south at 10'. This formation is 

exposed in the northem most workings of the Upper Elsburgs on the mine. Bedding 

parallel movement has occurred in this unit (Parsons, 1986a: 4). 

Chuniespoort Group 

Only the lower four formations are represented in the West Wits and the Far West 

Rand. Obbes (2000:4) showed that the dolomites on the West Rand have an 

average thickness of 1350m and was deposited on a broad shallow marine platform 

(Parsons, 1986b: 1). 

Accordingly to SACS (1980:203), the four lower Chuniespoort Formations (of the 

Malmani Subgroup) are: 

Eccles 380m thick 

Lyttleton 150m thick 

Monte Christo 700m thick 

Oaktree 200m thick 

The Monte Christo and Eccles Formations are chert rich, while the Oak Tree and 

Lyttleton are chert poor, dark grey dolomites. 

The Oak Tree Formation is exposed to the north of the Gemsbokfontein 

compartment as well as in the area between the northern boundary and quartzitic 

ridges of Gatsrand to the south. The Monte Christo, Lyttleton and Eccles Formations 

underlie it (Parsons, 1986b: 2). 



Figure 9. West Rand Stratigraphy (Burnett, 1995:23). 
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Figure 10. Surface geology of the North Shaft area (Tregoning & Barton, 

1990:603). 



Exposure of the dolomites in the actual compartment is extremely poor due to the 

coverage of Karoo sediments and overburden derived from the weathering of these 

rocks and the underlying dolomites The dolomites form a southward thickening 

wedge that attains a thickness of approximately lOOOm near South Deep Mine. 

Below the shale and quartzie syncline at North shaft, the dolomites are thin. This 

feature could be attributed to the possibility of intraformational erosion. The upper 

portions of the Chuniespoort could have been eroded, if they were deposited 

(Parsons, 1986a: 6). 

The top of the Chuniespoort Group (Eccles) is marked by an angular chert breccia. 

The base of the formation that overlies the dolomites consists of a breccia and 

conglomerate that is chietly composed of chert fragments and is thought to 

represent the hiatus during which the dolomites were eroded. 

Pretoria Group 

The Pretoria group consists of alternating beds of shale and quartzie (Visser, 1998: 

60). The Pretoria Group can be subdivided into the following (SACS, 1980 203): 

Rayton 

Magaliesberg Quartzite 140m 

Silverton Shale 800m 

Daspoort quartzite I OOm 

Strubenkop Shale 120m 

Hekpoort Andesite 280m 

Timeball Hill-Shales 150m 

-QuartzlShale 50m 

Rooihoogte- quartzite 3m300m 

Thin shale 

Beverts Conglomerate-sub-well rounded 

Chet breccia-sub angular 

The Timeball Hill Shales can attain a thickness of 150m and may contain diamidie 

(Eriksson, 1972: 90). The uppermost unit of the Pretoria Group preserved in the 



West Rand of the compartment is amygdaloidal Hekpoort Andesite Formation, which 

outcrops south of the mine property (Parsons, 1986a: 7). 

Rooihoogte Formation 

There is a disconformity present between the Eccles and the Rooihoogte 

Formations. The basal member consists of a chert breccia and Bevets 

Conglomerate, which is collectively known as Giant Cherts. They indicate a change 

from pure chemical sediments, which produced the dolomites and the intercalated 

chert bands to the clastic sediments of the overlying Pretoria Group (Parsons, 1987: 

3) and (Obbes, 2000:42) 

They are thought to be formed due to erosion and reworking of the chert clasts 

derived from the chert bands in the underlying Eccles Dolomite formation. The Giant 

Chert is intermittently exposed along the base of Gatsrand in the central east-west 

portion of the Peter Wright Dam but is covered by Karoo sediments. The outcrop is 

nearly continuous from Randfontein to the Vereeniging road in the west and east of 

Lenz. Outcrop widths vary from a few meters in the north of the Waterpan golf 

course to 500m south of Lenz. Gentle folding causes the extensive width in the east. 

The thickness varies from 3m to 60m. It also forms a massive outcrop in the tectonic 

inliers to the south. The inliers are covered by a continuous outcrop of Giant Cherts. 

In a few places on Jachtfontein, the dolomite outcrops but generally its subsurface 

presence can be inferred from a chert outcrop (Parsons, 1987: 7). 

Thin, pinkish shale is occasionally developed on the Giant Chert but most of the 

chert is directly overlain by the Pologround Quartziie (Parsons, 198613: 2). This is a 

prominent marker, lensoid in character that can be traced almost continuously from 

the Corobrick Works in the east to Hillshaven in the west. Well-developed Polo 

grounding consists of well-rounded, medium sized quartz grains and numerous chert 

clasts, which weather negatively. It consists of several fining cycles with at the base 

(boulder and cobble sized, subangular-subrounded, chert clasts). It can also rest on 

the erosional base of an earlier cycle. The clast size decreases upwards. Towards 

the top, it consists of an angular material with a gritty matrix (Parsons et al, 1988: 

17). 



Timeball Hill Formation 

The Pologround Quartzite is overlain by 150-200m of pink-purple shales and 

alternating shalelquartziie sequence approximately 150m thick (Parsons, 1986b: 3). 

This basal u n l  is seldom exposed due to the scree shed from the overlying 

quartzites but occasionally can be identified from chips and fragments that 

accumulate on the slopes of the ridges in places where the shales rest directly on 

the Giant chert. On the northern flanks of Gatsrand, they have a wide distribution 

and generally have a repeated succession on the southern side of the inliers 

(Parsons et al, 1988: 17). 

Four quartzite bands are present and build Gatsrant between the Corobrick Works 

and Hillshaven. The ridges south of Gatsrant consist of tectonically duplicated 

quarhlshale sequence. In the vicinity of North Shaft, the quartziielshale sequence is 

overlain in places by 200m purplish shales containing interbedded diamictite. A thin 

sequence of volcanic and intrusive mafic rock outcrops south of Gatsrant in the 

eastern central portion and is equated with Hekpoort Andesite. 

Shales are overlain by 3-4quarMelshale bands varying from a few meters wide to 

20m. They are separated by purple shale, siltstone and fine-grained sandstone. It 

has gradational contacts and in the Hillshaven and southeast areas, some 

shalelsiltstone interbeds tend to pinch out bounding quartziie coalesce. 

The lower most quartzite is 2-3m thick and consists of well-rounded, medium grain 

quartz grains. It has a distinct whitecream weathered surface and forms a 

prominent marker in the Gatsrand as well as in the quartzite ridges along the 

southern margin of the dolomitic inliers. The succeeding bands consist of medium 

grained quartz grains but have a pink weathered surface. This is due to the liberation 

of iron from the detrital iron grains on the bedding surfaces and contained in the 

matrix. 

The upper bands are medium grained but friable due to a weathered matrix. The 

detrital iron grains are concentrated on the bedding planes and foresets and during 

weathering, the iron is redistributed and concentrates in the knots on the weathered 



surfaces giving it a deep chocolate, knobbly crust The fourth band displays a three- 

dimensional rectangular weathered pattern called snuffbox-weathering patterns. 

These concentrate in the overlying shales, which make it a magnetic marker. This 

quartzite sequence builds up linear ridges known as Gatsrand from Hillshaven in the 

west to Lawley in the east. The quartzites dip generally 5" - 20" to the south along 

the ridges (Parsons, 1986b: 10). 

Karoo Sequence 

Several extensive outliers of carbonaceous shales and kaolinitic and plastic days 

have been mapped in the main compartment (Parsons, 1986a: 1 I) ,  and assigned to 

the Vryheid Formation of the Karoo. In a few places, a boulder bed more typical of 

Dwyka, appears to rest with possible erosional base on the earlier pebble bed and 

can be up to 100m thick (Tucker & Viljoen, 1986: 685) 

Distributions of Dwyka and Vryheid (light, yellow coloured kaolinitic clays stained 

red-yellow) Formation have been determined from boreholes. Outliers of Karoo tillite 

and plastic clays fill paleodeposits in the Transvaal sequence rocks south of 

Gatsrand (Parsons, 1987: 4). 

Venterspost Formation 

The Ventersdorp Contact Reef unconformably overlies the Mondeor conglomerate 

formation and has a low average gold content. It is capped by ultramafic- mafic lava 

of the Westonaria formation, Klipriviers Group of the Ventersdorp Supergroup 

(Parsons, 1986b: 7). This formation thins towards the northeast where it is 

unconformably overlain by the Black Reef Quartzites formation and then the 

Chuniespoort Dolomites. 



3.3 REGIONAL STRUCTURE 

3.3.1 Structure of the Witwatersrand Basin 

The Witwatersrand basin is thought to be a structurally preserved remnant of the 

original basin and displays a close relationship to the Vredefort and Johannesburg 

domes. The basin has five major periods of tectonic deformation prior to the 

Vredefort impactogenic event (Visser, 1998:45). 

A short structural history of the Witswatersrand Basin (after Visser, 1998:46) follows: 

1. During the Central Rand Group period, thrust and slump faults occurred to the 

east along the West Rand and south along the Rieifontein fault systems. The 

West Rand Syncline developed as a result of transpression due to the oblique- 

slip nature of the faulting. The Western limb of the syncline is overturned 

resulting in the "shoreline" phenomena. 

2. The Klipriviersberg events occurred which lead to the emplacement of the 

Venterdorp age dykes, perpendicular to the thrust directions. 

3. During the late Klipriviersberg and early Platberg period, negative inversion 

occurs and the earlier thrusts become oblique-slip normal faults. The West Rand 

Fault system has a right lateral and the Rietfontein Fault system, a left lateral 

sense of displacement. During this extensional phase, the Roodepoort, Saxon, 

Witpoortjie and the Panvlakte fault systems developed. The Panvlakte anticline 

develops as a roll over against the Panvlakte Fault. 

4. In the Post-Transvaal times, emplacement of the Vredefort age dykes occur, 

with a north-northwest directed thrusts in the West Rand area. 

5. In the Post-Transvaal times, right lateral strike slip faults develop. 



3.3.2 Structure of the West Rand Goldfields 

The West Rand Goldfields is dominated by two fault trends - a north-south striking 

trend that is frequently associated with the folding and an east-west trend 

(Stanistreet & McCarthy, 1990:279) 

The major structures that affect the West Wits geology are the following: 

West Rand fault 

West Rand (south) Fault 

Rietfontein Fault 

Witpoortjie fault 

Roodepoort Fault 

Doornkop Fault 

Panvlakte Fault. 

3.4 LOCAL STRATIGRAPHY 

The following in formation was obtained from various shaft records (unpublished), 

Tucker and Viljoen (1986:676-679) and Tregoning and Barton (1990:607). 

North Shaft is engaged in mining of the Middle and Upper Elsburg Reefs, which are 

the youngest rocks in the Wlts Supergroup in this region. These rocks suboutcrop 

against the unconformity overlying the VCR, which forms the basal member of the 

overlying Ventersdorp Supergroup. The remainder of the shaft lease area consists 

entirely of Ventersdorp (Klipriviersberg) Lava (see Figure 11). 



Figure1 I. North Shafl Stratigraphic Column (Shafl records, unpublished). 

The units within the upper Elsburgs are in order of decreasing age: EB, EC and ED., 

which comprise of the group of reefs know as Elsburg Individuals and MA, MI, MB 

and LVCR which are known as the Elsburg Massive 

The Upper Elsburg units thin progressively towards the west. This is not an erosional 

thinning but rather a depositional thinning contact. It can be thought of as the 

shoreline of the Upper Elsburg depositional basin. This depositional thinning in the 

sub outcrop and the shoreline of the Upper Elsburgs is spatially coincident. This 

means that the Upper Elsburg package, widely dispersed in the east, is condensed 

more and more towards the west without any loss in the consistency of the 

stratigraphic units. Thus, the total Upper Elsburg package decreases in thickness 



from east to west and so do the barren distal quartzite separating the individual 

conglomerates (see Figure 12). 

Figure 12. Diagrammatic west-east section showing the convergence of the reefs 

and the middling problem at North Shaft (Tregoning & Barton, 

I990:6O8). 

3.5 LOCAL STRUCTURE 

At first, the Gemsbokfontein Compartment structure appears to be simple with 

Transvaal Sequence Rocks dipping gently (5"- 25") to the south. Detailed mapping 

done has shown that the compartment is rather complex (Parsons, 1985:5;Parsons 

& Killick, 1985:lO; Parsons, 1986a: 15 and Parsons, 1989:3). 

Little structure is evident in the main Gemsbokfontein Compartment but to the south 

of Gatsrand, North Shaft and the mine's infrastructure is built on the Upper Timeball 

Hill Formation Shales and is situated in the middle of a gentle, easterly plunging 

syncline (Parsons, 1986a: 14). 



The following major faults occur within the Gemsbokfontein compartment as 

documented by Parsons (1986b: 4-5): 

Elandsfontein Fault 

Jachtfontein Fault 

Waterpan Fault 

0 Hiltonia Fault 

0 Witpoortjie Fault 

Panvlakte Fault (see Figure 16) 

Faulting in both the Randfontein Estates and Western Area Gold Mines is dominated 

by the Roodepoort-Panvlakte Fault system. This forms the eastern boundary of the 

Panflakte-Wiipoortjie Horst block, which outcrops to the north of the Doornkop 

section and swings southwards to the west of both Cooke and Western Areas where 

it is bounded on its eastern side by the Panvlakte Fault (Tucker & Viuoen, 1986: 674) 

Faulting intensifies over Westem Areas and the southern part of the Cooke section. 

According to Tucker & Viljoen (1986: 675-676), there are two main fault trends in the 

Elsburg Formations, mostly being normal faults. The majority of faults are pre- 

Transvaal age faults and very few cross into the Transvaal Sequence. 

There are two sets of fault trending north-northeast, parallel to Panvlakte Fault 

system, which merge in the west with the Panvlakte Fault. The dips range generally 

between 40"- 60". The faults tend to be down thrown to the east. On Harmony Gold 

Ltd's Cooke 3 Shaft section there is system of small faults running 

parallel to the Panvlakte Fault with down throws to the west. 
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Figure 13. Major structural features of the West Rand and the economic reef 

horizons being mined (Burnett, 199526). 



There is a second set of faults striking east west, associated with dykes and are 

mostly downthrown faults to the south. 

A third set of faults occurs which form a series of wrench faults trending east west 

with right lateral displacement. They are classified as strike-slip faults and have 

displacements up to 2000m. These faults are also predominantly pre-Transvaal and 

do not displace the Black Reef. 

Thrust faults are evident and are proposed to form the Pretoria Group inliers. 

Towards South Shaft (Placer Dome), the southern limb of the syncline is 

characterised by brecciated and fractured quartzites. The Malmani Subgroup 

Dolomites and Rooihoogte Formation Giant Chert in the south, outcrop in an 

asymmetric anticline. Inferred thrust faulting can be traced in a brecciated and 

fractured zone from Hillshaven to the Zuurbekom road south east of North Shaft. 

The repeated sequence of Malmani Subgroup Dolomite lnliers lies in between the 

Elandsfontien and Jachtfontein faults. Between these faults, part of the syncline in 

the Timeball Hill Formation rocks have been down faulted to the east along the 

Waterpan Fault. This fault has a northeast-southwest strike and has an average 

throw of 70m. 

East of the Jachtfontein Fault, the Timeball Hill Formation rocks are repeated in a 

succession of interrupted, southward dipping imbricated thrust slices. 

Further to the east beyond the Hiltonia Fault, a normal sequence of southward 

dipping Timeball Hill Formation Quartzites and Shales builds up the Gatsrand and 

are overlain southward the Timeball Hill Formation Shales. These are in turn 

overlain by diabase and overlain by Hekpoort Andesite Formation volcanic rocks. 

Thrust faulting is accepted to be the main cause of the duplication of the Transvaal 

sequence rocks exposed on the West Wits lines between Kloof Mine and North 

Shaft. 



Thrust faulting also caused the Malmani Subgroup Dolomites and Rooihoogte 

Formation Giant Chert to be exposed in the inliers between North Shaft and South 

Shaft. It is also thought that the Malmani Subgroup dolomites of the main 

Gemsbokfontein Compartment are probably hydraulically continuous beneath the 

syncline in the Timeball Hill Formation Shales with the tectonic inliers between North 

Shaft and South Shaft (Parsons, 1986b: 7). 

The major northerly trending Elandsfontein, Waterpan and Jachtsfontein Faults are 

thought to form vertical aquifers interconnecting the main dolomite groundwater 

compartment with the inliers (see Figure 14). 

A thick, southward dipping Timeball Hill Formation quartzite, shale and diabase 

sequence is preserved against a northerly trending Poortjie Fault near the southern 

boundary of the compartment. 

Parsons (1989: 3) 8 Parsons (1993:63) conducted detailed mapping of the inliers. 

He identified four major inliers namely (see Figure 15): 

Bloem inlier 

Elandsfontein inlier 

Northern Elandsfontien inlier 

Rietspruit inlier. 



Figure 14. Surface geology of the Gemsbokfontein Dolomitic groundwater 

compartment (Parsons & Gentz, 1995:46). 



Dykes 

A classification system described by Parsons (1990:402) was used to classify the 

dykes according to their ages in the region. 

Class A: They are thought to be the oldest dykes and are thought to be Ventersdorp 

in age. They are dark green, fine grained, and heavily altered chloritic dykes. Little 

movement is seen across these dykes and tends to strike north-northeast and can 

be up to 20m wide. 

Class C: The next set of dyke intrusion was in an east-southeast direction. They 

tend to be thin, aphyric material and can form sills. They tend to be very deformed 

and comprise of metamorphosed chloriod. 

Class P: The Pilansburg age dykes consist of medium grained, dark green material. 

Shonkinite (a dark coloured syenite), has been identified in the Gemsbokfontein 

dykes. The dykes strike north south and north-northwest to south-southeast. 

Class K: the youngest phase dykes are of the presumed Karoo age and generally 

strike east-southeast and are composed of a dark, fine grained, aphyric dolerite with 

fine feldspar phenocrysts. 



Figure 15. Surface geology of the eastern inliers and location of sinkholes 

(Parsons & Gentz, 1995:58). 



CHAPTER 4 

GEOHYDROLOGY 

4.1 GEOHYDROLOGY 

The Witwatersrand strata form the base of the stratigraphy, which is overlain by the 

Ventersdorp Lavas and the Chuniespoort Dolomitic Group (refer to Figure 16). 

These dolomites have been subjected to extensive karstification prior to the 

deposition of the Karoo sediments. 

C 

Figure 16. Diagrammatic section showing North Shaft as well as the cavern 

formation (Smith, 1994:141). 



These Chuniespoort Group Dolomites are accepted to be hydraulically continuous 

beneath the syncline in the Timeball Hill Formation rocks with the tectonic inliers 

(Usher & Scott, 2001: (5) 29). The Elandsfontein, Waterpan and Jachtfontein faults 

are vertical aquifers interconnecting the main dolomitic groundwater compartment of 

the north with that of the inliers in south. 

Dolomite, Karoo and Witwatersrand strata have water bearing and storage capacity 

due to the secondary structural features such as joints and faults. However, it is 

within the deeply weathered zones within the dolomites that forms the main 

compartment and the actual aquifer. 

The Venterspost Compartment to the west of the Gemsbokfontein dyke has been 

dewatered. The compartment between the Gemsbokfontein No 1 and 

Gemsbokfontein No 2 dyke is thought to be solid (SRK, 1985:3) and the Panvlakte 

Dyke appears to be fairly impermeable with few areas where leakage can occur 

(SRK, 1985:4). 

Work done by the Department of Water Affairs, SRK and other consultants, 

suggests that the Panvlakte dyke is fairly impermeable but leakage may occur at a 

few locations (SRK, 1985:8-9). 

Not much information is available about the hydraulic connection between the 

Kliprivier dyke and the Pretoria Series. If there was significant flow across these 

boundaries, then the draw down rate of the water table would be reduced (SRK, 

l985:4). 

The compartment's geology is considered to be variable and fault features and 

gravity highs and lows occur. A number of structural features are responsible for the 

water arriving into the mine workings. They are deeply weathered and high hydraulic 

conductivity compared to the Chuniespoort Dolomite. 

Aquifer classifications classify the voids in the rocks, in which the groundwater is 

stored and through which it is transmitted. It is also possible for more than one 

aquifer type to be represented in the same area. 



Analysis of the historically observed groundwater levels within the Gemsbokfontein 

Compartment suggests that there are subdivisions within the compartment. 

According to Rison (1999:9-10) and Rison (2001:8-9), the aquifer can be subdivided 

into three major zones: 

Unsaturated zone 

Shallow weathered zone 

Fractured dolomitic zone 

Unsaturated zone 

The depth to groundwater ranges from 15m to 36m below the surface in the 

northwestern portion of the Gemsbokfontien compartment. In the southern portion of 

this compartment, the groundwater levels are up to 180m below surface. It is in this 

portion where the water ingresses into the mine workings. Therefore, this zone 

ranges from the weathered wad material to Karoo sediments within the deep 

solution cavities. 

Shallow weathered zone 

This zone has been formed due to karstification, which took place before the 

deposition of the Karoo sediments onto the Chuniespoort dolomites. The base of this 

aquifer has been identified by gravity geophysical surveys. The aquifer is irregular in 

nature and the orientation of the major cavities is parallel to the known structural 

trend. 



Fractured dolomitic aquifer 

It is thought that the dolomite approximates a traditional fractured rock aquifer at a 

depth where dissolution is less pronounced. This transition is thought to occur from 

35m below surface. The base of this aquifer is thought to occur at a depth of 150- 

200m below the surface. The dolomites are thought to be 900-1 100m thick. It is also 

thought to be highly unlikely that groundwater flow occurs below this depth unless it 

has intersected structural conduits or mine workings. 

4.2 GENERAL GEOHYDROLOGICAL CONSIDERATIONS 

To have a better understanding of the dolomites, karstification needs to be 

discussed in some detail. 

Karst topography is an irregular topography characterized by sinkholes and caverns 

due to the underlying carbonate formation that has been riddled with underground 

drainage channels that capture all the surface waters (Freeman, 1986:144). 

According to Fetter (2001:314), Karst topography is a general term used to describe 

a landscape underlain by limestone with little or no surface drainage. The 

underground water will eventually form a spring on surface, a decant point (refer to 

Figure 18). 

Unaltered dolomites are crystalline and have both low porosity and permeability. 

Initially, groundwater ingresses along faults, fractures and bedding planes (Usher 8 

Scott, 2001:(5) 31). The dolomite is thus dissolved by this slightly acidic groundwater 

percolating along these fractures. Once a groundwater table level has been 

established due to a local base such as a nearby stream, chemical solution of the 

dolomites starts to take place. This occurs in the phreatic zone beneath the water 

table where the slightly acidic groundwater is in prolonged contact with the dolomite. 

Joints and fractures in the vadose zone above the water table are only widened 

during this process by the groundwater having a relatively transitory contact with the 

dolomite in their downward passage (Brink, 1979:206). 
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Figure 17. A diagrammatic sequence illustrating sinkhole development following 

dewatering of dolomites (Brink, 1979:206). 

The major systems of solution caverns and interconnecting passageways from 

beneath the water table and the level of the cavern development is determined by 

the local base level which can be related to an erosion cycle (Brink, 1979:206). 

When a new erosion cycle starts due to a change in stream levels as a response to 

regional base level changes, it is accompanied by gradual lowering of the water 

table. The cavern system of the former phreatic zone is then elevated into the 

vadose zone as a response to the lowering water table. A further process of 

chemical solution of the dolomites beneath the new water table level is initiated to 

produce a further cavern system. The duration of this new local base level 

determines the water table level and the size and the extent of this cavern system as 

well as the topographic level at which it forms. The stacked cavern system 



interconnected by vertical solution ways, forms due to the chemical process

accompanying the erosion cycle on the surface. The subsurface process is

considered to be inseparable from the surface erosional process (Brink, 1979:207)

and karst topography develops by solution and collapse of the weakened dolomites

and chert into nearby surface caverns and solution ways (refer to Figure 17).

In the vicinity of the Wondersfonteinspruit, the flanks of the valley were planed

during the African Erosion cycle, which started approximately 100 Ma years ago and

produced solution cavities and deeply weathered residual soils over the dolomites.

An earlier erosional surface has been preserved in the Gatsrand south of the

Wondersfonteinspruit and the solution caverns are the topographically higher levels

than those of the later African cycle (Parsons et ai, 1988:25). A new post African

erosion cycle is currently encroaching on the African surface in the Stilfontein-

Klerksdorp area (Parsons et ai, 1988:25). This has resulted in the erosion of the

mantle of weathered material to produce a thinly covered dolomitic bedrock terrain

and further system of solution cavities beneath the new water table.

Sol lIOl' valleys

Cave

Figure 18. Typical Karst topography (Pipkin & Trent, 2001:260).
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In the Gemsbokfontein Compartment, Bougurer gravity data interpretation 

incorporating borehole data shows rugged paleo-karst topography (Parsons, 1986b: 

3). There is evidence to show that the location and development of the major paleo- 

karst valleys were related to tension faults, fractures and joints (De Kock, 1964377). 

Most are trending north-northeast and north-northwest. This is parallel to the 

compartment forming dykes. 

The paleo-karst features form traps for pebble washes, boulder beds, clays and 

carbonaceous material as well as sand deposition during the Karoo times (Parsons, 

1986a: 43). Weathering and dissolution of the dolomite continued beneath the Karoo 

sediments resulting in gradual subsidence (Du Toit, 1954:136;De Kock, 1964:377). 

Depressions formed at surface as a result of subsidence, were filled by rubble 

derived from the erosion of the Pretoria Group rocks and post Karoo deposits. 

4.3 NORTH SHAFT, HARMONY GOLD LTD 

4.3.1 Shaft History 

The shaft is situated on the top of a syncline and the shaft was sunk through the 

Timeball Hill Shale Formation (see Figure 22). Prospecting began in 1956 and the 

sinking of the twin shaft started on 20 January 1960 (Lednor, 1986:97). The main 

shaft sinking started on 13 March 1960. The Shaft is 7.9m in diameter and was sunk 

to a depth of 1518m below collar, which was reached on 3 March 1961. The main 

shaft became fully operational on 2 September 1961. The ventilation shaft is 7.2m in 

diameter and was sunk to a depth of 1102m, which was reached on 29 August 1960. 
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Figure 19. Cross-Section through North Shaft showing the Pretoria Series as the 

surface layer (Smith, 1994:140). 

Once the Vent Shaft was completed, lateral development started. Production started 

in 1961. Both shafts are in a common 100m-radius pillar. The mine is situated within 

the dolomites and is known to have a water problem (Lednor, 1986:97). 

4.3.2 Reef Bands mined at North Shaft 

Most gold bearing reefs contain an array of minerals such as native gold, uranium 

oxides, traces of platinum and an array of sulfide minerals with pyrite being the most 

abundant. Most mines in the West Rand and Far West Rand produce uranium and 

gold (Tucker and Viljoen, 1986:674). 



The main reef bands mined are (Lednor, 1986:67): 

Elsburg individual reefs( EB, EC and ED) 

Elsburg Massives( MA, MI, MB and LVCR) 

Ventersdorp Contact Reef (VCR) 

Black Reef 

These reefs are characterised by pyritic matrix and contain high concentrations of 

uranium. Uranium and gold are both mined at North shaft. 

4.3.3 History of the Mine Leading to Dewatering 

According to various mine reports and to Smith (1994:139-140), the water history of 

the shaft can be subdivided into four phases, namely: 

1. Pre-inflow period 

2. Water inflow period 

3. Dewatering period 

4. Rewatering period 

4.3.3.1 .Pre-inflow Period 

This period occurred between 1962-1971 and only small volumes of water inflow 

occurred. The volume of water pumped was proportional to the volume of service 

water pumped underground and the water inflow due to an increase in mining 

activities. Thus the volume of water being made was proportionate to the amount of 

square meters being mined. Even though the amount of water pumped was 

increasing, it was due to an increase in mining activity. 

4.3.3.2.Water inflow Period 

Mining activities result in the lowering of the water table, which in turn, has adverse 

effects on ground conditions. The mine started to experience many water-related 

problems in the early 1970's due to the overlying water bearing dolomites. The major 

area that experienced water ingression into the stopes was along the 33 -7 West 



Line of the Mine when an open fissure type of dislocation with a throw of 6m 

connecting the workings to an aquifer in the upper dolomitic area, was exposed. This 

was also a result of mining the Upper Elsburgs and the Ventersdorp Contact Reef in 

the vicinity of the Black Reef sub outcrop. This resulted in the 33 Level being 

abandoned and the pumping capacity at the shaft was increased to help cope with 

the water inflow problem. 

It was also realised, through studies done on other water compartments that 

pumping these large volumes of water would result in the water table being lowered. 

These studies revealed that lowering the water table by 6m would induce surface 

stability problems that could result in sinkholes. To overcome this ground stability 

problem, a decision was made to return the water pumped from underground into 

recharge boreholes to recharge the compartment. This resulted in the amount of 

water being pumped from underground to slowly increase (Parsons et al, 1988: 2) 

Numerous projects were undertaken to seal and contain the inflowing water. One of 

the major projects done was to seal the water off by cementation (Parsons et al, 

19885) and (Smith, 1994142). However, this was unsuccessful in preventing the 

water inrushes. Despite all the attempts made to curtail the incoming water, pumping 

costs ended up becoming a major portion of the working costs. These high pumping 

costs ended up having a major adverse affect on the economic production of the 

gold. Pumping rates increased at an annualized rate of 8% from an average of 

70mUday in 1975 to 150mUday in 1986. Pumping costs ran at R1 million per month 

(Parsons & Gentz, 1995: 39). 

4.3.3.3.Dewatering Period 

In 1986, the mine obtained a permit to dewater the Gemsbokfontein West 

groundwater compartment. Prior to the dewatering permit, the water pumped from 

the mine was returned to the dolomitic aquifer via several boreholes situated to the 

north of the mine infrastructure. 



The decision to lower the water table came after a four-year investigation of 

geotechnical means of solving the water ingression problem and by taking studies of 

earlier dewatered mines into account. 

Many studies prior to the dewatering were conducted and it was pointed out that 

dewatering induced areas of ground subsidence leading to property damage and 

possible loss of life. Once dewatering started in June 1986, the mine water was 

pumped into the Kleinwes Rietspruit, a southward flowing tributary of the Vaal River 

instead of to the recharge boreholes (Parsons et al, 1988:2). 

4.3.3.4.Rewatering Period 

North shaft has however, reached its life span in 2002 and now faces a new 

challenge. The effects of rewatering a mined out compartment are unknown. This 

will be the first compartment that will be flooded in South Africa. 

4.3.4 North Shaft's Pumping Infrastructure 

The pumping infrastructure was designed with the aim of transporting the 

underground water to surface where it can be discharged. 

Dirty water from the Upper Elsburg Reef stopes are pumped into the Settler on 41 

Level. Clear water is then retained in two dams, one on 41 Level and another clear 

water dam on 33 Level (see Figure 20). This water is the retained in a holding dam 

on surface. The pumped water from underground is then discharged into the 

Leeuspruit and Kleinwesrietspruit rivers. 

Fissure water is pumped to surface. It is first retained in two dams, one on 33 Level 

and another on 41 Level. It is then sent to a holding dam on surface and then 

distributed. There are two settler systems in operation on this mine with one system 

on 41 Level and a range of 10 settlers on 50 Level (see Figure 20). 



The clarified water from this settler systems are pumped up to 33 Level into a dam, 

which is then in return pumped to sutface. This water is then discharged into the 

Kleinwes Rietspruit and Leeuspruit rivers (see Figure 21). 

All the ditty water containing uranium and gold runoff from the Middle Elsburg Reefs 

are caught in a uranium settler on 50 Level. The overtlow from this settler is pumped 

directly into a tank in the uranium plant (yellow tank), which is used for gland service 

water in the plant. Ditty water from the Upper Elsburg Reef stopes is treated in 8 

settlers on 50 Level. This clarified water is pumped together with the other clarified 

water from the settler on 41 Level to the dam on 33 Level (Pulles et al, 1996:12.10). 



Figure 20. North Shaft underground pumping infrastructure (Pulles et al, 1996:12.5). 
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4.4 CURRENT POTENTIOMETRIC LEVELS AT NORTH SHAFT 

Before dewatering, the water table levels in the compartment were determined by 

the height of the Gemsbokfontein eye, which is 1559m above mean sea level. The 

eye is situated in the bed of the Wonderfonteinspruit (Parsons, 1986a: 26). 

Dewatering began in 1986 and the dewatered water has been used to artificially 

recharge the Eastem Sub compartment to prevent a draw down from occurring and 

thus reducing sinkhole formation (Usher & Scott, 2001:(5) 67). 

Since dewatering started in 1986, the water table has dropped by 10m in some 

places in the northwest comer by July 1987(Parsons 1988: 8). 

At North Shaft, the water table had dropped by 60-70m. This can be considered to 

be the center of the draw down cone (Parsons, 1988:8). Most of the effects of 

dewatering can be seen to the north of the Shaft area. The former groundwater 

recharge zone lies within the zone of influence of the draw down cone. With the 

increase in dewatering, the draw down cone extended further outwards, northwards 

of the recharge zone (Parsons, 1987:13). The leaky dyke boundary has had an 

effect on the cone of dewatering by extending beyond the boundaries of the system, 

which had an effect on the rate of dewatering of the aquifer (Bredenkamp et al, 

1995:327). The rate of lowering of the water table is not constant due to the aquifer 

being replenished by rainfall. During extremely wet periods, replenishment exceeds 

the withdrawal (Parsons, 1993:2). 



CHAPTER 5 

GROUNDWATER MODELING 

5.1 INTRODUCTION 

Groundwater models are an important and a useful tool, which can be used in many 

groundwater problems and can be used as a predictive tool to estimate the future 

behaviour of an aquifer (Mercer & Faust, 1981: 1). The models are based on the 

appearance of the actual aquifers behaviour. 

The first step is to define the purpose of the model and then to develop a conceptual 

model as the physical behaviour of the system must be understood. The next step is 

to develop a mathematical model. The physical characteristics are translated into 

mathematical terms. The final step is to develop an analytical method. The 

mathematical equations are then simplified to form solutions by analytical method 

(Mercer & Faust, 1981: 2). An analytical model can be solved quickly and requires 

minimal amount of data (Fetter, 2001:516). 

5.2 AIM OF THE GROUNDWATER MODEL 

The aim of the groundwater model is to predict the rate of flooding for the 

Gemsbokfontein dolomitic groundwater compartment once all pumping has been 

stopped at North Shaft, Harmony Gold Ltd. The model will focus on the western sub 

compartment as only the western portion has been dewatered. 

5.3 CONCEPTAUL MODEL 

After the purpose of a model is established, the next step would be to develop a 

conceptual model for the ground conditions. The conceptual model is a pictorial 

representation of the groundwater flow system. The purpose of a conceptual model 

is to simpllfy the field problem and to arrange the field data to allow the system to be 

analysed easier. The closer the conceptual model is to the natural system, the more 

accurate the out come of the model will be. (Walton, 1995:7). 



5.3.1. Boundary conditions of the aquifer

The Panvlakte Dyke forms the northern boundary, Gemsbokfontein Dyke the

western boundary, Magazine Dyke forms the eastern boundary and the Pretoria

Series forms the southern boundary. These boundaries provide the framework for

the three-dimensional black box model.

Gemsbokfontein
Dyke

I Panvlakte Dyke III North I

Figure 22. Three-dimensional box model for the Gemsbokfontein Western Sub
Compartment showing the boundary conditions.

5.3.2.Thickness of all the aquifers and the confining layers

According to Domenico and Schwartz (1998:16), a hydrostratigraphic unit is a

formation in which there are similar hydrological characteristics that allow for

grouping into aquifers and confining layers. Based on this definition, the

Gemsbokfontein Compartment was divided into three vertical units namely:
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1. The lower fractured Wits aquifer void volume (porosity) with the mine void

volume. This aquifer ranges from 0 mamsl to 900 mamsl.

2. The fractured dolomite aquifer with its void volume (porosity) and shaft void

volume (which is negligible). The depth of the level is 900 mamsl to 1400

mamsl. This amounts to 500m in depth.

3. The upper karstic dolomitic level with its void volume that consists of primary

porosity and karst structures. It varies from 1400 mamsl to 1560 mamsl. The

outflow boundary is currently dry (the Gemsbokfontein eye) which is at 1560

mamsl.

Gemsbokfontein eye

3.Upper Karstic
dolomite

1560 mamsl

11400 mamsl I

..

2.Fractured
dolomitic aquifer

I 900 mamsl 1.Lower fractured
Wits aquifer

I 0 mamsl I

Figure 23. Horizontal levels of the Gemsbokfontein Western Sub Compartment
Conceptual model.
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5.3.3. Groundwater Balance 

A water balance forms the basis for any groundwater modelling exercise. The main 

purpose for a water balance is to account for the observed changes in water levels 

over time. 

The water balance used for the groundwater model is based on the following: 

GROUNDWATER OUTFLOW = GROUNDWATER INFLOW - CHANGES IN 

STORAGE 

The oufflow from the Gemsbokfontein Compartment is well documented by the 

historical pumping data. However, the groundwater inflow into the Gemsbokfontein 

Compartment is less understood. An extensive literature review on the possible 

recharge values for the study area has shown that there is a great variance in the 

groundwater balance and that there is no scientifically proved data available for the 

Gemsbokfontein Compartment. 

The groundwater inflow into the Gemsbokfontein Compartment can be described as 

follows (see Table 2): 

Rainfall Recharge into the dolomites can be considered to be 13% to 20% of 

the mean annual precipitation (Rison, 1999:12) and (Rison, 2001:9). Any 

recharge resulting from rainfall, which for this box model scenario occurs at 

the top boundary of the box model, will vary between the dry season and wet 

season and will also have a lag period. For the purpose of this model, rainfall 

recharge will be considered to be a constant and will be assigned as an 

average. 

Artificial Recharge: Simunye and Westonaria residential areas in the North 

Western corner of the Gemsbokfontein Compartment Surface water 

diversions from the residential areas towards the Wonderfonteinspruit are 



known to occur. The values for artificial recharge are shown in Table 2 as 

Simunye and Westonaria. 

Some Artificial Recharge and Recirculation: the Kleinwesrietspruit flows in an 

eastern direction from the Peter Wright Dam and the Leeuspruit flows towards 

South Shaft, Placer Dome. These two rivers are actually non-perennial rivers. 

The rivers are currently perennial as a result from the dewatering of North 

Shaft. For the purpose of this model, it is assumed that the inflow rates from 

the surface streams will decrease linearly as the compartment floods. 

Leakages from surrounding dykes: Some leakage occurs across the 

Magazine Dyke, at 6 MUday, as shown by the study on the Zuurbekom 

Compartment (Rison, 1999:9). For the purpose of this model, it was assumed 

that the same amount of leakage occurs across the Panvlakte Dyke and is 

reflected as intercompartmental flow in Table 2. However, there is no leakage 

across the Gemsbokfontein Dyke as the Venterspost Compartment is already 

completely dewatered and observed groundwater levels in the compartment 

have remained constant. The amount of leakage occurring across the 

southern boundary, the Pretoria Series, has been assumed to be small. 

The inflow rates from the adjacent compartments are adopted from Rison 

(2001:ll) and Rison (1999:16) and can be regarded to have a low uncertainty. 

The inflow rates from the surface streams can be regarded to have a high 

uncertainty as little is known about the rivers future behaviour. 

Table 2. Gemsbokfontein Compartment average groundwater balance 

GROUNDWATER INFLOW 

Leeuspruit 
Kleinwes Rietspruit 
Simunye and Westonaria 
Rainfall Recharge 
Intercompartmental Flow 
Dolomite aquifer storage 

VOLUME 
mUday 
5 
7.5 
3 
36 
15.5 
19 

VOLUME 
Percentage 
5.8% 
8.7% 
3.5% 
42% 
18% 
22% 

1 
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Figure 24. Groundwater Balance for the Gemsbokfontein Western Sub
Compartment.

The Wonderfonteinspruit is not included in the water balance as the river is piped

from the Donaldson Dam.

5.3.4 Mined out volume for North Shaft

Calculations of the mined out volume can have various challenges as numerous

reefs can be mined at one mine and deep mines have closure rates as a result of

high stresses or geological features. Some mines also use backfill as a means of

support, which reduces the actual void within the mine (Usher & Scott, 2001 :(5) 64).

Basic shaft information would be required and to be taken into consideration when

calculating the void volume.

A simple calculation can be made to calculate the volume (Usher & Scott, 2001:(5)

65) and (Scott, 1995:138):
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Volume of mine openings = Tonnage of rock removed1 Density 

North Shaft mining method is scattered mining. The Shaft mined the Ventersdorp 

Contact Reef at a stoping width of 1.42m, Upper Elsburgs at a stoping width of 

between 2.7 to 3.5113 and the Middle Elsburgs 2.2m. 

The time taken for the compartment to flood is highly sensitive to the mine void 

volume and the aquifer void volume. 

For this model, the mine void was calculated to be 3.OE+07 m3 and assumed to be 

accurate as the volume was obtained from the electronic peg database. The total 

aquifer void volume was calculated at 2.50E+08 m3, which is an order more than the 

mined-out void volume. 

5.3.5. Controlling factors for the Gemsbokfontein Western Sub Compartment model. 

The controlling factor in this model is the: 

Weathered dolomite, and 

Fractured dolomite. 

There is a certain uncertainty associated with the following: 

Effective porosity of the upper, weathered karstic dolomite, and 

The volume of the voids that the flooding groundwater must fill 

The volume of the voids to be filled is a very sensitive parameter and is expected to 

be spatially variable and a sensitivity analysis was done (model 1-4) on the various 

void volumes to show the influence of variation on this parameter. 

There are three concepts that need to be considered and they can be defined as 

follows: 

1. Porosity, which refers to the volume of voidsEtotal volume of rock 



mass (Fetter, 2001:69). 

2. Effective porosity, refers to the porosity available for fluid flow 

(Fetter, 2001:70). 

3.The specific storativity if the aquifer is confined and the specific yield 

if the aquifer is unconfined. This refers to only a fraction of the effective 

porosity will drain under the forces of gravity. Specific storativity is always 

a magnitude or two less than the porosity (Fetter, 2001:101). 

For the purpose of this model, only effective porosity was taken into account, as it is 

a simple three-dimensional block model. The model calculates the amount of time 

required for each horizontal block to fill up with water. This method is directly related 

to the lack of available data. 

5.4 MATHEMATICAL MODEL FOR THE GEMSBOKFONTEIN WESTERN SUB 

COMPARTMENT 

With the conceptual understanding of the physical problem, the next step in 

modelling will involve translating the physical system into mathematical terms 

(Mercer & Faust, 1981:9). The final results are a representation of groundwater flow 

equations and transport equations, which are simplified by using site-specific 

assumptions as stated in the conceptual model. The end result is a variety of 

equation subsets. 

For the Gemsbokfontein Western Sub Compartment: 

Inflow into the compartment was calculated by using the water balance 

Inflow from the Kleinwes Rietspruit, inflow from the Leeuspruit, run off from Simunye 

and Westonaria, leakage across the dykes and inflow from the dolomitic aquifer 

were calculated by using the flow volume before flooding started as a function of 

total depth. Due to seasonal variation, recharge via rainfall remained a constant (as 

discussed in the conceptual model). 



Total inflow was calculated as a sum of the above mentioned water balance 

components. 

Aquifer void volume was calculated by: 

Aquifer surface area x (effective porosityll00) -mine void volume 

Time to fill the void was calculated by taking: 

(Mine void volume + aquifer void volume)ltotal inflow 

Total time was expressed as the sum of the total time taken to fill the void and 

previous total time taken giving the end result of total time, which is 

expressed in years. 

5.5 ANALYTICAL MODEL 

The analytical model combined the mathematical equations into a simplified model, 

which was drawn up in Excel computer programme (see Appendix A). 

The model was based on: 

1. Dividing the threedimensional box model up into l m  thick horizontal slices. 

2. Then the volume of each slice was calculated by V=surface area x lm.  

3. The void volume in the rock mass for each l m  slice was calculated. 

Vv=V x effective porosity. 

4. The average Mine void volume for each l m  slice was calculated. 

5. The total inflow rate and the individual inflow rates were calculated for each 

I m slice. 

6. The time taken for each 1m thick slice to become saturated with water was 

then calculated. 

7. When the time taken for the bottom, first slice to fill up was calculated, then 

the next slice can start to fill up. This process continues until all the slices are 

filled, thus the Compartment is filled up. 



5.6 MODEL RESUL 1S

The model found that the Gemsbokfontein Compartment would take between 5.82

and 46.19 years to flood (see Figure 25). The time taken to flood willdepend on the

actual void ratios (refer to Table 3). It will be essential to carry out a monitoring

programme once the compartment starts to flood, and the model can then be

updated with the field information (refer to Figure 25).

Table 3. Model parameters (effectiveporosity)

Gemsbokfonteln Western Sub Compartment Rewatering Model

1600.00

400.00

Weathered karst dolomle aquWer(porosity 0.5- 5 %)

1400.00

1200.00

Fractured dolanile aquWer(porosity 0.001-0.1 %)

_ 1000.00

i
OJ

§.
I! 800.00
o
i>CD
iii 600.00

-Model 1 -Model 2

-Model 3 -Model 4

Fractured wits aquifer with mined oul void sections (porosity 0.05-0.1 %)

200.00

0.00

0.00 5.00 10.00 15.00

llme (years)

20.00 25.00 30.00

Figure 25. The floodingrates for the Gemsbokfontein Western Sub Compartment.
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Wits



The original decant volume at the Gemsbokfontein eye was between 11 - 14 muday 

before any mining occurred. It is thought that once the compartment is flooded, the 

decant volume can be regarded to be the same as the original volume as the macro 

environmental conditions have remained fairly constant. The compartment is 

currently empty and will absorb water as per the groundwater inflow designed for the 

model. Once the compartment is flooded, the pore spaces and surface soils will 

become saturated, the water will start to flow as surface run off and flow along the 

periphery of the compartment and find its way into the local streams. Once the 

compartment has flooded, intercompartmental flow will stop as the two sub 

compartments would be in equilibrium, dolomite aquifer storage will be negligible 

and the various rivers flow were assumed to decrease linearly as the compartment 

floods, leaving only rainfall recharge and artificial recharge from the residential areas 

of Simunye and Westonaria, amounting to 39mUday. If the decant volume is 

14mUday, it would leave 25 muday for surface run off which will result in the river 

flowing again (rainfall was assumed to be constant for simplicity but it will vary from 

season to season resulting in non-perennial flow). If the compartment decant volume 

is equal to the groundwater inflow (39mUday). there will be no surface run off 

available to feed the river and will result in no river flow. The rivers will only flow 

under the natural conditions once the compartment starts to decant and the original 

water balance is in place. 



CHAPTER 6 

SYNTHESIS 

6.1 CONCLUSION 

This hydrological investigation focused on the Gemsbokfontein Western Sub 

Compartment, which overlies the underground workings of North Shaft, Harmony 

Gold, Ltd. The purpose of this project was to determine the potential flooding rates of 

the Gemsbokfontein Dolomitic Groundwater Compartment and the volume of 

discharge at the decant point once North Shaft, Harmony Gold Ltd., commences 

flooding of the mine due to the mine reaching its life span. The result of North Shaft 

flooding will be the rewatering of the Gemsbokfontein Dolomitic Groundwater 

Compartment and eventually the whole compartment will flood and start to decant 

which will have an end result of introducing more water into the Wonderfonteinspruit. 

The groundwater model designed for this project is simplistic in nature as a result of 

limited information. The water balance formed the basis for the model and was 

obtained from historical data and previous investigations, which have been 

conducted in the area. Rainfall accounts for 42% of the recharge and artificial 

recharge in the form of surface run off from Simunye and Westonaria accounts for 

3.5%. Intercompartimental flow resulting from leakages across the Magazine dyke 

amounts for 18 % of the recharge and the actual storage in the dolomitic aquifer 

accounts for 22% of the recharge. Leeuspruit accounts for 5.8% and Kleinwes 

Rietspruit account 8.7 % of the recharge. However, these two rivers will eventually 

return to the natural state of non-perennial flow once they are not artificially 

recharged when dewatering ceases. The time of recovery has been calculated from 

an elementary relationship between volume and inflow rate. The flooding rate was 

calculated for the time taken for the mine void to flood, the fractured dolomites and 

eventually the weathered karst dolomites to fill. The actual mine will take between 

1.34 and 2.68 years to flood. The time taken for the Western sub compartment to 

flood ranges from a minimum of 5.8 years to a maximum of 46.19. A more accurate 

prediction is not possible due to the uncertainty in determining the effective porosity 

of the zones modelled. However, flooding rates are very sensitive to the effective 

poroslty of the various layers. After the compartment has flooded, the eye will start to 



flow at its original volume of 14mUday. thus increasing the flow into the 

Wonderfonteinspruit. 

6.2 RECOMMENDATIONS 

The model developed is a basic model due to the limited available information. It is 

recommended that once the flooding of North Shaft Harmony Gold Ltd. starts, an 

adequate monitoring programme be implemented and that the model be modified 

accordingly. The actual effective porosity of the various rock types is not known, and 

once flooding starts, the model can be adjusted according to the correct values 

obtained by the monitoring programme. The water balance should also be redefined 

once flooding commences. 

The Wonderfonteinspruit, past the Donaldson Dam, is conveyed via a 1000mm 

pipeline since 1978 to prevent recharge of the karstic dolomites in the West and Far 

West Rand. Once the Gemsbokfontein Compartment starts to decant, the water 

must either flow freely or be included into the pipeline. The pipeline must therefore 

be investigated as to whether it can handle the extra volume of water and if not, 

what will be the effects of the Wonderfonteinspruit flowing freely. 

Another point to consider is that the compartment has been dewatered for a long 

time and has probably reached equilibrium conditions. Once rewatering starts, this 

equilibrium will be disturbed and could lead to reactivation of sinkholes. The studies 

done before dewatering commenced indicated the areas of highest concern. It would 

be advisable to monitor the areas for signs of ground instability and sinkhole 

formation until the compartment has completely flooded. 

The expected water quality of the Gemsbokfontein Compartment will also need to be 

considered as mining activities have adverse effects on water quality. The over all 

effect of the mine flooding on the actual quality of the water in the dolomitic 

compartment as well as the decant water which will eventually feed the 

Wonderfonteinspruit, will also need to be considered. 
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