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Abstract 

The quantification of water ingress volumes and rates from different aquifer systems through 

open voids can aid in related studies concerning water quality, decanting potential, and stability 

evaluations especially in areas where historic mining has played a significant role in altering the 

groundwater environment. The objective of the research and approach is to evaluate if numerical 

groundwater modelling can be used as a tool to quantify ingress rates from shallow aquifer 

systems during rapid recharge events when these aquifer systems become saturated and water 

seeps through individual mine related open voids on a regional scale, eventually reaching historic 

mining infrastructure and deeper hard rock aquifers. 

A case study that focused on the East Rand Basin was used to evaluate if numerical modelling can 

be used to produce quantified ingress rates from shallow aquifer systems through mine-related 

open voids. The East Rand Basin has a rich history of mine related activities which still has a large 

influence on the regional aquifer systems.  

The research included gathering spatial and site-specific data required to construct and represent 

a numerical groundwater model in FEFLOW groundwater modelling software. The representative 

model was used to simulate a scenario that included monthly rainfall records that indicated 

elevated rainfall events and applied as time dependant recharge to the shallow aquifer systems 

identified along the Blesbokspruit and associated tributaries. The mapped mine-related open 

voids that fell within the shallow aquifers systems were assigned as discrete features to represent 

open voids leading to the mapped historic underground mine workings. The simulation included 

hydraulic head raises with each consecutive rainfall event to saturate the shallow aquifer systems 

and the ingress rates were recorded at each individual open void. 

The outcome of the numerical modelling assessment proved that ingress rates can be quantified 

with results indicating that a maximum of 12 000 m³/d can flow from the shallow aquifer systems 

during heavy rainfall events through 33 (out of 69) mapped open voids. The results were 

compared to a similar study (Waal, 2013), that indicated a good comparison in inflow rates. The 

model illustrated that roughly 16% of surface-related water (including ingress through shallow 

aquifer systems) could come from 46% of mine related open voids.  

Numerical groundwater modelling proved to be a valuable tool to quantify ingress rates from 

aquifer systems through open voids, however data availability and data quality add major 

limitations to the result accuracy and model confidence. 
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Chapter 1 Introduction 

 

The Witwatersrand Gold Fields presents huge challenges regarding groundwater management 

due to the extensive historical mining and associated open voids that exist as remnants from the 

historical mining activities (DWAF, 2013). The mining related open voids can be old mine shafts 

or surface cavities that remained open due to sub-surface caving at shallow mine tunnels. These 

mining-related open voids can serve as preferential pathways for water to flow freely into the 

underground groundwater systems and could have extensive influence on how the groundwater 

aquifer systems behave during flooding periods if these voids are situated in close proximity to 

perennial streams and rivers, as well as smaller tributaries, typically associated with shallow 

alluvial aquifer systems. Increased water ingress from rapidly recharged shallow aquifer systems 

into open voids during flooding or excessive wet periods will have an impact on the groundwater 

quantity and quality of the deeper hard rock aquifer systems.  

If ingress volumes could accurately be modelled numerically, the possibility exists to better 

quantify water management programs in terms of water quantity and quality. The conceptual 

idea is illustrated in Figure 1-1 and Figure 1-2 which indicates the groundwater conditions under 

normal static conditions and the shallow aquifer ingress into the mine-related open voids in the 

associated floodplain area of the river systems (Figure 1-1). During a flood event, the river would 

flood itΩǎ banks and fill the floodplain area with subsequent rapid recharge to the shallow alluvial 

aquifer systems (Figure 1-2). Any mine-related open void that exists in the shallow aquifer system 

or in close proximity to the shallow aquifer systems could experience increased inflows during the 

flooding event.  

This dissertation and research will detail how numerical groundwater modelling may be used as 

a tool to determine and quantify shallow aquifer water ingress volumes and rates through open 

voids and make use of a case study to focus on ingress through mining-related open voids to 

underlying aquifer systems.
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Figure 1-1 Conceptual illustration of the numerical model objective during static conditions

Shallow aquifer ingress under static 

conditions with normal recharge to the 

alluvial material 
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Figure 1-2 Conceptual illustration of the numerical model objective during a flooding event

Shallow aquifer ingress during a rapid 

recharge event with increased recharge to 

the alluvial material 
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1.1 Research question/hypothesis. 

The interaction between groundwater and surface water as mentioned is an uncertain science in 

terms of quantifying the actual water inflow rates and volumes. The components that are 

associated with the interaction processes can be described scientifically and represented with 

some quantification criteria through numerical modelling, however the range of uncertainties 

becomes larger as the study area increases due to data insufficiencies and poor quality of data. 

One component in particular, is the interaction of shallow aquifer water ingress through direct 

media such as open voids into the deeper groundwater systems and the quantification of the 

water volumes and rates.  

The research question can thus be formulated: Is it possible to quantify accurately the water 

volumes and rates associated with shallow aquifer water ingress through open mine-related voids 

leading to the mine workings that directly link with the underground aquifer systems; and can 

numerical modelling be applied as a tool to model the ingress processes considering both the 

shallow aquifer and associated water body during rapid recharge events. 

1.2 Research aims and objectives. 

The aim of the research is to investigate the potential additional volumes of water that could 

enter open mine voids through shallow aquifer recharge during a high rainfall event where the 

shallow aquifer recharge gets amplified by flooding rivers and streams. 

The objectives to achieve the aims is to implement predictive numerical groundwater modelling 

as a tool to simulate the inflows into old mine voids situated inside or nearby the shallow aquifer 

systems during high rainfall events with associated rapid recharge to shallow aquifer systems. 

1.3 Research methodology. 

This dissertation focused on two main aspects to look at how numerical modelling can aid in 

quantifying the ingress of water through mine related open voids during rapid recharge events. 

The first section focuses mainly on the review of literature and research of available data and 

information related to shallow aquifer ingress through open voids, as well as groundwater studies 

that has been conducted for the Witwatersrand Gold Fields.  

The second section will focus on a case study conducted for the East Rand basin which provides 

the ideal setting to achieve the objectives of this study. The main objective of the case study is to 

construct and represent a numerical groundwater model that will be used to simulate a scenario 

where rapid recharge to the shallow aquifers in the East Rand basin and water ingress during 
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these rapid recharge events into mine related open voids can be measured and quantified. Site 

specific data will be required to construct and represent the numerical model and further 

research and data collection will be conducted to fulfil this requirement.  

The following spatial and site-specific data will be gathered during the case study assessment: 

¶ Topographical data and surface drainage network to evaluate the regional topography 

and surface drainage regime from which a sub-catchment area can be defined that will 

serve as the model boundary. 

¶ Mapped geology and geological information such a geological structure that forms part of 

the sub catchment area which will represent the different aquifer systems incorporated 

into the model boundary at surface and to depth. 

¶ Wetland areas which together with the alluvial deposits along the river systems associates 

with the shallow aquifer systems that forms the major aquifers that will be assessed 

during the modelling scenario. 

¶ Rainfall records from weather stations within the sub catchment area that will indicate 

the flooding events that forms the main driver for the rapid recharge events that will be 

modelled. 

¶ Groundwater chemistry and more specific Chloride concentrations to determine the 

recharge ranges that can be applied to the different aquifer systems included in the 

numerical model. 

¶ Measured groundwater levels within the sub catchment which will form one of the main 

input parameters to represent the numerical model and illustrate the current state 

aquifer status of the sub catchment. 

¶ Hydraulic parameters such as hydraulic conductivities that will be applied to the different 

aquifer systems and adjusted to represent the numerical model. 

¶ The current main mining activities to evaluate the potential dewatering from the different 

aquifer systems as well as the historic mining footprint and mapped mine related open 

voids which will be used as the input locations from which the rapid recharge and 

associated water ingress will be recorded and measured during the scenario simulation. 

The data and information gathered as part of the research process will be used to formulate a 

conceptual model that will describe the purpose of the numerical model and the problem 

statement that will be addressed by the numerical groundwater model. The conceptual model 

will also describe the important input parameters and how these will relate and support the 
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numerical model construction, representation and eventually the scenario simulation to 

formulate the answers needed to fulfil the research question and hypothesis.  

The rainfall data will be evaluated to select a specific period of actual rainfall records that indicates 

possible flooding events which will be incorporated into the representative numerical model. The 

scenario simulation will then simulate the rapid recharge applied to the shallow aquifer systems 

over these recharge events and the simulated inflow rates into the mine related open voids will 

be recorded and presented as graphs to show how numerical groundwater modelling can be used 

to quantify water ingress into open voids. 

The results from the scenario simulation will be discussed and important observations from the 

scenario simulation will be noted which could aid in future groundwater assessments related to 

mine impacted areas. The final stages of the dissertation will include some recommendations 

derived from the discussion of the literature study and model results. 

  



7 
 

Chapter 2 Literature review 

 

The first part of the literature review includes studies that focused on the interaction between 

surface water and groundwater systems, as well as numerical modelling methods that can be 

applied to better explain and describe the flow dynamics between the two water systems. The 

second part of the literature review looks at studies conducted for the Witwatersrand Gold Fields 

in terms of water volumes and rates entering the aquifer systems, and how much water can 

originate from surface water bodies.  

2.1 Modelling the interaction between surface and groundwater systems 

The interaction between surface water and groundwater systems has been a long-debated 

subject from both hydrology and geohydrology disciplines (Tanner, 2015) and (Midgley et al., 

1994). The main issue with understanding the interaction between surface water and 

groundwater systems is the uncertainty of how much water can be contributed by each of these 

systems and the connection between surface stream flows, shallow purged aquifer systems 

associated with steams and riverbeds and the connection with deeper hard rock aquifer systems 

(DWAF, 2006). The typical rationale is that water enters the catchment system through 

precipitation and drains via streams, rivers and lakes where it then enters the subsurface aquifer 

systems through recharge (Parsons, 2004). Aquifer systems can also transmit water to surface 

water bodies through springs, decanting points and as baseflow components from the shallow 

perched aquifer systems. 

The US Geological Survey (Winter et al., 1998) describes the different interactions between 

surface and groundwater systems in detail with specific reference to how the hydrological cycle 

and different components (rivers, streams, and lakes) can interact with groundwater systems and 

aquifers. Although the general understanding of how the two water systems can interact indicates 

limited confidence in the quantification of actual volumes and rates (Wagener et al., 2001) and 

(Wagener, 2005).  

Numerical modelling could be applied to evaluate the rates and volumes associated with the 

different components comprising these water systems and their interaction (FEFLOW, 2022). 

Different modelling approaches exists that can be considered when modelling the interactions 

and the choice of method is dictated by the different process associated with the groundwater - 

surface water interactions (Pathare, 2017) and (Baily, 2023). These processes largely depend on 
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the influences that each of the water systems have on each other (Table 2-1 and Figure 2-1).  The 

groundwater driven processes can be seen when water is abstracted from an aquifer system that 

relates to a surface water body through a media such as alluvial material or weathered rock 

material. Surface water driven processes can be in the form of overland flow such as rainfall 

flowing on surface and through flow where water flows through a shallow aquifer system. Water 

can also be stored in riverbeds as they widen and deepens as river flow attenuation.  

The storage capacity can also be increased during flooding events. Water can also be stored in off 

stream water bodies such as dams or lakes creating seepage to the shallow aquifer systems that 

surrounds them. During flooding events a differential gradient can be created as the river rises 

into its floodplain and recharging the shallow aquifer system as bank storage and over bank 

flooding can occur when the aquifer systems are fully saturated and exceeds the storage capacity 

of surface water bodies. These processes often need measurable data during wet and dry 

conditions and are typically challenging to quantify on a regional scale. 

Table 2-1 Ground water - Surface water interaction processes 

Ground Water Driven Processes Surface Water Driven Processes 

Stream Depletion: Abstraction of stream water via an 
aquifer system that is connected to a surface water body 

due to a fully saturated media 

Overland flow and through flow: Overland flow or 
sheet flow incorporates surface flow during rainfall 
events whereas through flow describes shallow sub-
surface flow along the riverbeds or shallow perched 
aquifer systems. 

River Flow Attenuation: Storage effects created by 
rivers affect peak flows during rainfall events. The 
attenuation can be caused by the widening or 
deepening of the river base 

In-stream Storages and Reservoir Operation: Events 
that increase the in-stream storage capacity during 
flooding events  

Off-Stream Storages: Dams or lakes that can contribute 
to seepage to the aquifer systems 

Bank Storage: During a flooding event a differential 
gradient can exist between the rising river level and 
floodplain high conductive shallow aquifers system 
causing water to move into the shallow perched aquifer 
system, as the river water level drops then water gets 
released back into the river over time  
Over-Bank Flooding: Groundwater recharge and soil 
water exceeds the surface water storage capacity 
during heavy rainfall events 
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Figure 2-1 Conceptual illustration of the groundwater ς surface water interaction processes. 

Processes that drive the interaction between the surface water and groundwater 

systems during flooding events 
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A study conducted by the Water Research Commission (Tanner, 2015) describes the uncertainties 

related to quantifying the interaction process by looking at regional catchment assessments as 

part of groundwater reserves determinations in South Africa. The outcome of the study indicated 

that the lack of field specific data as well as the poor quality of the data that exists from a model 

input perspective proves to be a major uncertainty to accurately model the interaction between 

the water systems on a regional scale. The report (Tanner, 2015) also clearly states that the overall 

hydrology for both surface and sub-surface is an uncertain science due to its variability and non-

stationary nature. The lack of accurate data and information are also expressed in the 

Groundwater Reserve Determination study conducted by (Hobbs et al., 2013) for the Upper Vaal 

water management area. Despite the limitations numerical modelling might still be efficient to fill 

gaps where insufficient data and information is not available  

2.2 Surface water/groundwater modelling software packages  

To date, several software packages is available to conduct numerical water modelling with the 

specific purpose to model either groundwater or surface water flow. More recent numerical 

modelling packages were developed to model the interaction between the two media. Numerical 

software packages that could be applied to model the interactions between surface water and 

groundwater systems include MIKE SHE integrated numerical modelling software developed by 

DHI (MIKE, 2022). The MIKE software packages have a wide range of surface water applications 

as well as the groundwater software package FEFLOW. FEFLOW is a numerical modelling software 

programme that makes use of the finite element approximation method. The newest version of 

FEFLOW (7.5) presents the opportunity to link with MIKE SHE through the application of a DFS2 

file that includes input such as recharge for improved modelling of groundwater resource 

management assessments. The integration also includes water quality assessments (mass and 

concentrations) that can be integrated through the DFS2 file input. 

With the release of FEFLOW 7.5 another application FEFLOW piMIKE 1D was also introduced. This 

application replaced the IfmMIKE11 package and provides a solution to couple with the FEFLOW 

Fluid Transfer Boundary Condition and a river network file from MIKE 1D (FEFLOW, 2022). 

FEFLOW 7.5 has also introduced an application that employs the Richards equation (Bonan, 2019) 

ǿƘƛŎƘ ŎƻƳōƛƴŜǎ 5ŀǊŎȅΩǎ ƭŀǿ (Whitaker, 1986) with the basic principles of water conservation to 

estimate the movement of water in soil or the unsaturated zone. This application cloud also be 

helpful to model the periodic flow through unsaturated media during recharge events however 
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input data to this application requires additional field measurements and testing for 

quantification purposes. 

Additional modelling programmes that make use of the finite difference approximation method 

could also be considered such as GSFLOW. Numerical modelling software developed by the US 

Geological Survey (GSFLOW) is an integrated software package that links the two software 

packages PRMS-V (Precipitation-Runoff Modelling System) and MODFLOW-2005/NWT (Modular 

Groundwater Flow Model). GSFLOW is used to numerically model the flow in catchment systems 

and includes surface flow, subsurface saturated and unsaturated flow and flow within streams 

and lakes (USGS, 2021).  

The software packages and applications available to numerically model the different aquifer 

systems and interactions between the aquifer systems does present opportunities to quantify 

ingress rates and volumes however limited information exists that relates to approaches and 

studies conducted to quantify ingress rates and volumes through open voids. This observation 

also limits the evaluation on the accuracy and confidence of the recorded inflow rates and 

volumes. The results usually are presented as ranges which results in further studies having to 

rely on increased assumptions in the comparison of data and information. 

2.3 Groundwater and surface water interaction in the Witwatersrand Gold Fields 

Numerous studies have been conducted to understand the water systems, both surface and 

groundwater, related in the Witwatersrand Gold Fields (DWAF, 2004). A conceptual map (Figure 

2-2) taken from (Winde, 2015) of the Witwatersrand Goldfields indicates the major river systems 

and dams that are associated with the goldfields area on a regional scale with all the major 

tributaries leading to the Vaal River System (Hobbs et al., 2013). These water bodies have aquifer 

systems associated with the alluvial deposits that forms the shallow aquifer systems and may 

intersect the old mine open voids through which water ingress can occur during flooding events. 

The understanding of how surface water and groundwater interacts could determine the impacts 

that increased volumes and water quality can have on both water systems (Waal, 2013). 

Furthermore, the complexity due to the dolomitic (karstic) aquifer systems underlying parts of 

the gold fields area may be connected to the historic mining infrastructure that left large amount 

of open mine related voids (shafts and open fissures) scattered over the shallow resource areas 

(Marè, 2007).  
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Figure 2-2 Major River systems over the Witwatersrand Goldfields area taken from (Winde, 2015)
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The network of historic mine workings referred ǘƻ ŀǎ άōŀǎƛƴǎέ Ƙŀǎ ŀ ŘŜǘǊƛƳŜƴǘŀƭ ƛƴŦƭǳŜƴŎŜ ƻƴ 

increased water volumes into the groundwater systems due to the flooding of the 

decommissioned open mine voids (Coetzee, 2010). There are several ways that surface water can 

enter the mine workings (Coetzee, 2010): 

¶ Direct rainfall that enters directly through open mine workings. 

¶ Groundwater recharge with associated seepage due to ground disturbances (depressions 

and subsidence) from the mine workings. 

¶ Surface streams that losses water directly to the open mine voids due to the shallow 

aquifer systems associated with the streams being close to, or above the shallow mine 

workings. 

¶ Surface mine workings that directly connects with the underground open voids which 

creates pathways for water to seep directly into the underground mine voids. 

¶ Mine residue areas (Tailings facilities and Waste rock dumps) causing increased fluxes to 

the underground mine workings due to increased recharge potential of the waste 

material. 

¶ Damaged water infrastructure like water supply pipelines, sewerage networks, and storm 

water reticulation systems that cross the old mine workings and voids can contribute to 

seepage into the open voids. 

¶ Isotope analysis indicated that groundwater gets rapidly recharged due to possible open 

voids contributing to surface water ingress and subsequently flows to the shallow aquifer 

systems. 

A study conducted by Itasca Africa (Duthe, 2020) investigated the possible volumes and rates of 

shallow aquifer water that can ingress into old mine open shafts and mapped open void positions 

in the Modderfontein area of the East Rand Basin. The potential ingress locations were modelled 

numerically based on their location in terms of proximity to perennial streams and associated 

flood plain areas as well as general topography during a flooding event. The study outcome 

indicated that numerical modelling might be possible to quantify surface water ingress however 

more site-specific data and information is required to increase the confidence of the results. 

The contribution that rapid surface water recharge to the shallow aquifer systems has during 

flooding events and how open mine voids contribute to overall inflows during such flooding 

events where the open mine voids are situated near river systems and inside shallow aquifer 

systems during such flooding events could provide better quantification of volumes entering the 
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deeper aquifer systems ǘƘŀǘΩǎ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƘƛǎǘƻǊƛŎ ǿƻǊƪƛƴƎǎ. The rapid recharge to the 

shallow aquifer systems during heavy rainfall events and subsequent connection with deeper 

aquifer systems could play a major role in the dilution of flooded mines as the main driver for Acid 

Mine Drainage (AMD) at downgradient decanting positions along the major Rivers and streams 

(McCarthy et al., 2010) 

The quantification of water ingress through mine related open voids and rates and volumes that 

could come from the shallow aquifer recharge may also assist to evaluate the effect on deeper 

more significant aquifer systems, such as the Malmani dolomite aquifers in terms of stability and 

where mine-related open voids intersect this dolomite at depth. This applies not just during rapid 

recharge events, but also during normal recharge according to time dependant recharge applied 

as per actual historic rainfall records. Studies conducted by (Dippenaar et al., 2018) and , (Danél 

et al., 2021)and (Winde, 2015)   raised concerns on the ingress and decanting potential of the 

dolomite and karstic aquifer systems in the Wits goldfields and how this can affect the: 

1. Stability of the ground conditions with the formation of sinkholes through ingress 

mechanisms such as rainfall events into open voids and leaking pipelines forming dolines 

(Dippenaar, 2018). The event densities and occurrence of sinkholes are displayed in Figure 

2-3 which shows the large contribution that water ingress makes to sinkhole creation in 

the west rand alone.  

2. Water quality during decanting as groundwater levels rise due to consecutive recharge 

events and elevated water ingress caused by open voids leading to the mine void. Another 

aspect to consider is the flooding and re-watering of the mine void once mining stops. The 

estimated time for the mine voids and dolomitic compartments to fill once mining 

operations stops ranged between 15 and 30 years (Schrader, 2014)based on numerical 

modelling methods and estimates, however this period may be less because of the added 

ingress potential from open mine voids that links the deeper underground aquifer systems 

to shallow aquifer systems. The decanting potential affects the surface water resources 

and systems as groundwater gets exposed to atmospheric conditions causing reactive 

processes, forming acid mine drainage (Van Tonder 2021; Eckart 2016). 
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The possibility exists that by means of numerical groundwater modelling, the percentages of 

ingress through open voids that contributes to the overall ingress volumes can be determined 

and more specifically which open voids can be identified as possible locations that can be 

capped to minimise the ingress potential. 

Figure 2-3 Sinkhole event densities identified in Gauteng and associated causes as 
dewatering or ingress (Taken from Dippenaar, 2018) 

 

The literature review looked in detail at the complex interplay between surface water and 

groundwater systems, particularly within the Witwatersrand Gold Fields. The review indicated the 

challenges in quantifying the volumes and inflow rates from ingress mechanisms, and their effects 

on subsurface aquifers, highlighting the uncertainties related to limited site-specific data and the 

variable as well as dynamic conditions that groundwater systems can present. The integration of 

numerical modelling methods, and applications presented by software packages like MIKE SHE, 

FEFLOW, and GSFLOW, offers opportunities to better understand and quantify these interactions.  

Studies that focused on the Witwatersrand Gold Fields indicated the significant influences of 

historical mining infrastructure, such as open voids and shafts, on surface water ingress into 

different aquifers, and how ingress can impact on stability, water quality, and the potential for 

acid mine drainage. Additionally, the literature review indicated the complexities of surface water 

and groundwater interactions and dynamics that supports the need for more site-specific data 

and refined modelling techniques to confidently address the questions surrounding the 

interaction and related quantification of water ingress and its effects on both water systems.
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Chapter 3 Site characterisation and conceptualisation 

 

The justification of conducting this research can aid in studies relating to water management 

programs and investigations that incorporates areas with open mine-related voids such as old 

mine workings and karstic aquifer systems where these voids are exposed to surface. The 

Witwatersrand have numerous issues concerning acid mine drainage and decanting potential at 

down-gradient rivers and streams and the increased recharge to the shallow aquifer systems and 

subsequent deeper aquifer systems through the open mine voids could further influence the 

potential chemical makeup of the associated groundwater systems. By quantifying the volumes 

and rates associated with shallow aquifer water ingress during dry and wet periods or rapid 

recharge events, and the effects that the water ingress has on the sustainability of the aquifer 

systems, could aid in decision making process on whether to seal, divert or manage shallow 

aquifer recharge and water ingress into the mine-related open voids.  

The quantification of surface water ingress through the old mine workings in the Witwatersrand 

Gold Fields could be considered due to the effect that the seasonal flooding of the old mine 

workings has on current mining and dewatering operations as well as management in preparation 

of future mining activities.  

The Witwatersrand Gold Fields extends regionally over a large area and is mostly contained in the 

Witwatersrand Geological Supergroup (Tucker et al., 2016) (Figure 3-1). The goldfields can be 

divided into nine known resource areas namely: 

¶ The Evander Goldfields in the north eats of the Wits basin 

¶ The East Rand Goldfields just east of Benoni 

¶ The Central Rand Goldfields just north of Johannesburg 

¶ The West Rand Goldfields, between Klerksdorp and Randfontein 

¶ South Deep Goldfields just southwest of Westonaria 

¶ The Western Areas located in and around Westonaria. 

¶ Carletonville Goldfield located just south of Carletonville. 

¶ The Klerksdorp Goldfields located southeast of Klerksdorp. 

¶ The Welkom Goldfields located in areas around Welkom. 
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The goldfields originate from Evander in the northeast, extending northwards towards 

Johannesburg and southwest ward with the most southern resource at Welkom. The 

Witwatersrand Geological Supergroup which hosts most of the known Wits gold deposits covers 

an area of approximately 48 000 km². 

As mentioned in section 2, a numerical groundwater model could be employed in an attempt to 

model the ingress potential of shallow aquifer systems into mine related open voids during rapid 

recharge events. Due to the large area that the Wits goldfields cover, and the amount of input 

needed to develop such a large numerical groundwater model it was decided to only look at the 

East Rand Goldfields as a historic mining area to simulate and quantify the ingress rates and 

volumes from shallow aquifers to the open mine voids.  

The East Rand Goldfields covers an area of approximately 530 km² and extends from Daveyton 

from its northern boundary to Nigel at its southern boundary. The eastern boundary includes 

Daggafontein, and the western boundary includes parts of Van Dyk Park, Dal Park and Van Eick 

Park. The East Rand Goldfields and the mining footprint contained within is indicated in Figure 

3-2. 

The East Rand Goldfields is unique in the sense that it is geologically located in a basin (Waal, 

2013) hence referred to as the East Rand Basin, and it is mostly contained within two quaternary 

catchment areas (C21D and C21E) which implies that recharge into the groundwater systems 

would mostly be from these catchment areas and the geological setting would support a confined 

regional aquifer system (Waal, 2013).  
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Figure 3-1 The Witwatersrand Gold Fields and the East Rand Basin Boundaries (Taken 
from Tucker, 2016) 
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Figure 3-2 The East Rand Basin and mapped Mining Footprint (Taken from CGS, 2018)
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3.1 Data review and acquisition 

The development of the conceptual model as well as the numerical groundwater model requires 

spatial as well as site specific data and information. The data required can be divided into different 

types that will serve different purposes in developing the groundwater model. The different types 

of data will be integrated in the model during the construction and representation phase. The 

model input data and sources are summarised in Table 3-1 and described in the sections that 

follows. 

Table 3-1 Model input data and sources 

Data  Data source 

Topographical data  

United States Geological Survey (USGS) Shuttle Radar Topography 
Mission (SRTM) data developed and issued by the United States 
National Geospatial-Intelligence Agency (NGA) 30m spacing 

Geology data 

Council for Geoscience (CGS) of South Africa in digital format for 
geological map 1:250 000 Geological Map 2628 East Rand, 1986 

Wetland areas 

Aquifer Dependant Ecosystems (ADE) spatial files index as well as 
the National Landcover database supplied by the department of 
forestry of South Africa. Additional wetland areas were delineated 
from satellite imagery supplied by Arc Map (Esri) as part of the 
base maps function 

Rainfall data 

Water Resources of South Africa, 2012 Study (WR2012) internet 
data base which included 4 rainfall stations that falls within the 
sub catchment area 

Groundwater levels 

Local groundwater levels: Supplied by the Department of Water 
Affairs (DWA), Geodata base for Quaternary Catchments C21D and 
C21E. Project studies conducted by (Scholtz, 2013), (Koekemoer, 
2020) 
Regional groundwater levels: Data gathered form research papers 
(Botha, 2018), (Abiye, 2011) 

Hydrochemistry: Cl Concentrations 
and Recharge 

Local: Supplied by the Department of Water Affairs (DWA), 
Geodata base for Quaternary Catchments C21D and C21E. Project 
studies conducted by (Scholtz, 2013), (Koekemoer, 2020) 
Regional groundwater levels: Data gathered form research papers 
(Botha, 2018), (Abiye, 2011) 
Recharge estimates determined from information supplied by (van 
Wyk et al., 2011) 

Aquifer parameters 

Gathered from project reports that included aquifer tests 
(Koekemoer, 2020) (Scholtz, 2013) 

Mine dewatering (Grootvlei mine) 

Gathered from "Water management strategies to reduce long 
term liabilities at Grootvlei gold mine "Irene Lea, Chris Waygood, 
Andrew Duthie (2001) 8th International Congress on Mine Water 
& the Environment, Johannesburg, South Africa. 

Historic Mine footprint and open voids 

Supplied in digital format by Council for Geoscience (CGS) of South 
Africa 
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3.1.1 Spatial data 

Spatial data will be required to conduct the numerical modelling according to scale that would 

represent the real-world both in dimension and distances. The spatial data will be used to conduct 

the following: 

¶ Selection of a model domain or project area according to a surface drainage catchment 

area on a regional scale. 

¶ Topographical data that together with the surface water drainage patterns will ensure 

accuracy in selecting the numerical model domain and boundary. 

¶ Geological data that can be plotted and subdivided into the different geological units that 

will represent the different aquifer systems. 

¶ The surface drainages that are included in the sub catchment area and the alluvial 

deposits that associates with the drainage and flood boundaries.  

¶ Wetland areas that also holds the potential for shallow perched aquifer systems and 

associates with the low-lying areas along the rivers and streams. 

3.1.1.1 Topography and surface drainage contained in the quaternary catchments  

The quaternary catchments as well as the main river systems for South Africa were gathered in 

digital format as shapefiles form the Department of Water Affairs (DWA) website data base 

network (DWAF, 2012). The tributaries leading into the main river systems were delineated from 

Satellite imagery provided as base maps in Arc Map (Esri) and from more detailed satellite imagery 

in Google Earth. The topographical data set was developed from the United States Geological 

Survey (USGS) Shuttle Radar Topography Mission (SRTM) data base, developed and issued by the 

United States National Geospatial-Intelligence Agency (NGA). The data is available in raster format 

from the internet (Watkins, n.d.) and reworked into a point file format at 30m spacing across the 

East Rand Basin research area. 

The surface drainage, quaternary catchments and topographical data were analysed in Arc Map 

(Esri) which can be observed in Figure 3-3. 

The quaternary catchments contain most of the Eats Rand Basin and includes C21D and C21E. 

These two catchments were considered to form a sub catchment area which consists of the 

Blesbokspruit surface drainage that drains the sub catchment from north to south through the 

two quaternary catchments. The cumulative surface area of the two quaternary catchments is 

approximately 1073 km². 
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The East Rand Basin is mainly drained by the Blesbokspruit which has its origins in the Daveyton 

in the north as well as from secondary drainages flowing from the northwest in the Brakpan area 

that joins the main Blesbokspruit stream in the central basin close to Welgedacht (Figure 3-2). 

The Blesbokspruit extends further south and exists the sub catchment near Nigel where it drains 

into the quaternary catchment C21F further southwards. The smaller tributaries were delineated 

from satellite imagery which is contained within quaternary catchments C21D and C21E which 

flows towards the Blesbokspruit from the eastern and western sub catchment boundaries. 

The surrounding quaternary catchments to the north of the East Rand Basin includes the Rietvlei 

and Hennops Rivers that drains quaternary catchment A21A, the Osspruit that drains quaternary 

catchment B20C and the Koffiespruit that drains quaternary catchment B20B. The Elsburgspruit 

and Rietspruit drains quaternary catchments C22B and C22C respectively and located east of the 

East Rand Basin. Quaternary catchments C21A and C21B are drained by the Boesmanspruit 

southeast of the East Rand Basin. 

The topographical data were interpolated in Arc Map (Esri) with the Kriging interpolation method 

to build a regional raster file. This raster file was clipped to the sub catchment area to evaluate 

the topographical surface in relation to the surface drainage system included in the sub 

catchment. The topography indicates the elevation high areas along the northern, western and 

eastern boundaries from which the secondary drainages flow towards the low-lying central region 

of the Blesbokspruit. The lowest area (1538 mamsl) is at the exit point of the Blesbokspruit in the 

southwestern corner of the sub catchment and the highest points (1832 mamsl) is in the 

northwest section of the sub catchment which supports the general surface flow direction of the 

Blesbokspruit towards the south. The high ridge bend in the southeast of the sub catchment 

diverts the Blesbokspruit towards the west. The difference in elevation from the elevation high 

areas in the north west and southeast to the southwest of the sub catchment is approximately 

294 m indicating a relatively low surface gradient sloping towards the south at 1m drop over 

approximately 140m if an average distance of 40 km from north to south through the sub 

catchment is considered. (Frimmel, 2019) 
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Figure 3-3 Topography and surface drainage of the sub-catchment area
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3.1.1.2 Geology  

Geological data were provided by the Council for Geoscience (CGS) of South Africa in digital 

format for 1:250 000 Geological Map 2628 East Rand, 1986. The geological description of the 

different rock types that are included in the sub catchment as well as the stratigraphic units that 

they belong to are summarised in Table 3-2.  The mapped spatial geology was clipped to the sub 

catchment area in Arc GIS (Esri) which is indicated in Figure 3-4 and the geological descriptions 

are indicated in the geological key (Figure 3-5).  

The geological description indicated in Table 3-2 provided major rock types that were grouped 

together and can be considered as major aquifer systems which will be essential in understanding 

how the groundwater will behave considering the aquifer properties that associates with the 

different aquifer systems. The different rock types will also play an important role during model 

construction in terms of lithological successions with depth and varying hydraulic conductivities 

associated with the deeper rock formations. The following major rock types that can be associated 

with aquifer units were identified. 

¶ Alluvium which is considered as quaternary deposits and mostly associates with the 

surface drainage regions. 

¶ Basaltic Lava (Volcanic Rock) as part of the Alberton formation. The basaltic lavas belong 

to the Klipriviersberg group that falls under the Ventersdorp Supergroup. 

¶ Diabase indicated as an intrusive rock type. 

¶ Diamictite (Sedimentary Rock) belonging to the Dwyka formation and forms part of the 

Ecca group. The Diamictite also forms part of the Karoo sequence. 

¶ Dolerite dykes also indicated as intrusive rocks that intruded into the Karoo Supergroup. 

¶ Dolomite and Limestone (Sedimentary Rock) belonging to the Malmani subgroup and 

forming part of the Chuniespoort group. This geology type also falls within the Transvaal 

sequence. 

¶ Granite and Gneiss (Intrusive Rock) which mainly forms the basement rocks.  

¶ Sandstone and shale (Sedimentary Rock) from the Vryheid formation and also falling 

under the Ecca group. The sandstone and shale formations form part of the Karoo 

sequence. 

¶ Quartzite and Conglomerate (Sedimentary Rock) mostly belonging to the Central rand and 

Chuniespoort groups that falls under the Witwatersrand Supergroup. 
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¶ Quartzite and Shale (Sedimentary Rock) that forms part of the Central and West rand 

groups also belonging to the Witwatersrand Supergroup. 

The geological stratigraphy indicates the rock types that falls within the sub catchment area 

however it is important to understand the succession of the different rock type and associated 

aquifers with depth (NWU, 2016). This geological succession will determine the numerical model 

construction and more specifically the layering with depth. The geological successions can be 

easier explained by referring to Figure 3-6 which indicates the geological units with depth 

conceptually in section as seen from west to east along a section of the Blesbokspruit. The 

conceptual model was taken from (Frimmel, 2019) that formed part of a hydrogeological study 

that focused on the decanting potential of flooded mine water over the East Rand Basin and 

indicates the orientation of a basin with the geological successions dipping towards the south 

from the north of the sub catchment. 

The geological succession basically indicates the alluvial deposits that associates with the 

Blesbokspruit and smaller tributaries that drains the sub catchment area. The alluvium deposits 

form part, and is in some way contained, within the Sandstone and Shale formations that covers 

most of the ǎǳō ŎŀǘŎƘƳŜƴǘ ŀǊŜŀ ŀƴŘ ƛǎ ƛƴŘƛŎŀǘŜŘ ŀǎ ǘƘŜ άYŀǊƻƻέ ŦƻǊƳŀǘƛƻƴ ƛƴ Figure 3-6. The 

Malmani Dolomites are outcropping in some areas along the Blesbokspruit and dipping towards 

the south.  The Dolomites are also indicated as saturated and may imply that this formation could 

play a major role in increased seepage and storage of groundwater throughout the sub catchment 

area making this a major aquifer system. The Diamictite formations forms the contact regions of 

the dolomite even where dolomite is not outcropping. This relationship can be seen in Figure 3-4 

where the green Diamictite surrounds the Dolomite outcrop. 

Below the Malmani Dolomites lays the Quartzite formations indicated in Figure 3-6 as the 

Turffontein, Johannesburg, Jeppestown, Government and Hospital hill subgroups in which most 

of the minable reefs exists.  

The Granite and Gneiss formations forms the basement rocks below the Quartzite formations and 

protruding from the basement rock would be the intrusive formation like the Diabase, Dolerite 

Dykes and Basaltic Lavas mostly indicated as isolated features intruding through the Quartzites 

and Karoo sequences. 
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Table 3-2 Geological description and stratigraphy  

Major Rock Type Geological description Legend label Formation Subgroup Group Super Group Parent 

Alluvium Alluvium Q-a           

Basaltic lava 

Basaltic lava (porphyritic), tuff (amygdaloidal in 
places) Ral Alberton   Klipriviersberg Ventersdorp   

Tholeiitic basalt Rk     Klipriviersberg Ventersdorp   

Lava (mainly andesite and quartz porphyry), shale, 
quartzite, conglomerate Rpl     Platberg Ventersdorp   

Diabase Diabase V-di           

Diamictite 

Diamictite (polymictic clasts, set in a poorly sorted, 
fine-grained matrix) with varved shale, mudstone 
with drop stones and fluvioglacial gravel common 
in the north C-Pd Dwyka   Ecca   Karoo Sequence 

Dolerite Dykes 
Network of dolerite sills, sheets and dykes, mainly 
intrusive into the Karoo Supergroup J-d         Karoo Dolerite 

Dolomite and 
Limestone 

Dolomite, subordinate chert, minor carbonaceous 
shale, limestone and quartzite Vma   Malmani Chuniespoort   Transvaal Sequence 

Granite and 
Gneiss Undifferentiated granite and gneiss Z23           

Sandstone and 
Shale 

Fine- to coarse-grained sandstone, shale, coal 
seams Pv Vryheid   Ecca   Karoo Sequence 

Quartzite and 
Conglomerate 

Quartzite, conglomerate Rt   Turffontein Central Rand Witwatersrand    

Quartzite, subordinate conglomerate and shale Vbr Black Reef   Chuniespoort   Transvaal Sequence 

Quartzite, subordinate conglomerate, shale and 
amygdaloidal lava Rjo   Johannesburg Central Rand Witwatersrand    

Quartzite and 
Shale 

Quartzite, shale, minor/subordinate conglomerate Rg   Government West Rand Witwatersrand    

Shale, quartzite, subordinate lava, minor 
conglomerate Rj   Jeppestown West Rand Witwatersrand    

Shale, subordinate quartzite Rbo Booysens   Central Rand Witwatersrand    

Subequal shale and quartzite, minor conglomerate Rh   Hospital Hill West Rand Witwatersrand    

Fine- to medium-grained quartzite, shale (in middle 
of formation) Ror Orange Groove   West Rand Witwatersrand    
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Figure 3-4 Mapped Geology of the East Rand Basin 
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Figure 3-5 Geological key for  Figure 3-4
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Figure 3-6 Schematic drawing of the sub surface geology of the East Rand Basin (Taken from Frimmel, 2019).
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3.1.1.3 Wetland Areas 

Spatial files for the wetland areas that fall within sub catchment was gathered from the Aquifer 

Dependant Ecosystems (ADE) spatial files index as well as the National Landcover database 

supplied by the department of forestry of South Africa. Additional wetland areas were delineated 

from satellite imagery supplied by Arc Map (Esri) as part of the base maps function. The three 

wetland spatial files were integrated to include one spatial file set for the wetland incorporated 

in the sub catchment.  

The wetlands were overlain with the mapped and delineated alluvial deposits as described in 

section 3.1.1.2 to evaluate the relation that the alluvial deposits have with the wetland areas. The 

topography and surface drainage were added to indicate the relationship that the wetland areas 

and the alluvial deposits have with the low-lying topography and associated surface drainages. 

The spatial plot that indicates the relationship between the spatial files is shown in Figure 3-7.  

The main wetland areas follow along the Blesbokspruit and a few tributaries in the northwest as 

well as in the east that joins the Blesbokspruit. There are isolated wetland areas scattered over 

the sub catchment that associates with lower depressions and forms pans. The main wetland 

areas clearly associate with the alluvium deposits that follows along the surface drainages. This 

observation would imply that the wetland areas and the alluvium deposits form the shallow and 

perished aquifer systems are mostly dependant on rainfall for recharge during the wet season. 

 



31 
 

Figure 3-7 Wetland areas in relation to Alluvial deposits along the surface drainages.  
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3.1.2 Site specific data 

The site-specific data and information are required to construct the numerical model for ease of 

calibration purposes. The site-specific data is usually measured data and information that will 

serves as input data to calibrate the numerical model and be representative of the actual real 

groundwater regime and status. The site-specific data will consist of the following: 

¶ Rainfall records of the sub catchment area to determine the mean annual rainfall figure 

and determine recharge to the different aquifer systems. 

¶ Water quality data specifically Chloride (Cl) concentrations to determine the recharge 

percentages for the aquifer systems according to the chloride method for recharge 

determination. 

¶ Measured groundwater levels from existing boreholes that falls within the sub catchment. 

The groundwater levels will serve as input to represent the current status of the 

groundwater regime. 

¶ Hydraulic parameters such as hydraulic conductivity determined from aquifer testing 

conducted on borehole within the sub catchment. The hydraulic conductivities will be 

assigned to the aquifer systems described in section 3.1.1.2 

¶ The historic underground mining footprint that associates with the subsurface open voids 

left behind which might have collapsed or were partially backfilled.  

3.1.2.1 Rainfall records 

Rainfall records were gathered from the Water Resources of South Africa, 2012 Study (WR2012) 

internet data base which included 4 rainfall station that falls within the sub catchment area. These 

stations are 0476644W, 0476736W, 0476766W and 0476835W. The full monthly rainfall records 

are tabulated in Appendix A. The station positions are plotted in Figure 3-8 and indicates three of 

the stations (0476644W, 0476736W and 0476766W) clustered together on the western boundary 

of the sub catchment area. Station 0476835W is situated further south almost at the exit point of 

the Blesbokspruit. The rainfall stations and the years that rainfall was recorded are indicated in 

Table 3-3. The earliest rainfall records were taken at station 476835W from 1905 and the latest 

rainfall figures were recorded at 476766W. The station with the longest set of rainfall figures is 

rainfall station 476736W starting from 1909 to 2003 (94 years). Rainfall station 476766W however 

has at least 86 years of rainfall records from 1920 to 2006 which is also the most recent rainfall 

figures. It is for this reason that the data from rainfall station 476766W will be considered for the 

model calibration and predictive modelling simulation. 
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Table 3-3 Rainfall station and recorded years 

Rainfall station  Year from  Year too Total years  

476644W 1921 1986 65 

476736W 1909 2003 94 

476766W 1920 2006 86 

476835W 1905 1949 44 

 

The rainfall records were analysed, and graphs were generated that indicates the yearly rainfall 

figures for each of the rainfall stations. The mean annual precipitation (MAP) was also determined 

as well as the upper 95th and lower 95th percentiles of the yearly totals. The MAP provides a good 

indication of the average yearly rainfall and associated recharge to the aquifer systems of the sub 

catchment. The upper and lower 95th percentiles could be used as a tool to assume flooding and 

drought conditions. Yearly rainfall above the 95th percentile can be considered as a flooding event 

and below the 95th percentile may represent a drought period.  

The MAP from all 4 rainfall stations range between 682 mm/a and 735 mm/a. The MAP for the 

rainfall station clustered on the eastern boundary of the sub catchment does not differ that much 

from the station situated to the south which indicates that the rainfall figures are homogeneous 

over the sub catchment area. The rainfall records from all the rainfall stations show different 

flooding and drought periods.  

The rainfall stations (476736W and 476766W) with longer and more recent rainfall records will 

be more suitable to evaluate the flooding and drought conditions. Both rainfall stations indicated 

flooding conditions during 1986, 1995 and 1999. The drought conditions from these two rainfall 

stations were during 1945, 1965 and 1982. Rainfall station 476766W indicated at least 5 flooding 

events and 5 drought events over the 86 year period.  

The most extreme climatic events seem to have occurred during the period from 1980 to 2006 

(26-year period) with numerous flooding and drought events. For predictive modelling a 10 year 

rainfall set can be used over this period to ensure that a flooding and drought period are included 

in the simulation. 
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Figure 3-8 Rainfall Station within the sub catchment area



35 
 

Figure 3-9 Rainfall records for station 476644. 
 

Figure 3-10 Rainfall records for station 476736. 
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Figure 3-11 Rainfall records for station 476766. 
 

Figure 3-12 Rainfall records for station 476835
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3.1.2.2 Groundwater Chloride Concentrations and Recharge 

The ground water chloride concentrations were sourced from the Department of Water Affairs 

(DWA), Geodata base for Quaternary Catchments C21D and C21E as well as project reports 

(Scholtz, 2013), (Koekemoer, 2020) and research paper (Abiye, 2011) , (Botha, 2018). The ground 

water quality data were integrated to represent a full set of chloride concentrations which is 

presented in Appendix B. A total of 167 groundwater quality samples could be gathered that 

included Cl concentrations for groundwater. The groundwater Cl concentrations can be used to 

determine the recharge potential for the different aquifer systems (Marei et al., 2010). The 

chloride method for determining recharge potential could be applied and the recharge 

percentages assigned to the different aquifer systems will serve as input to the numerical model. 

A spatial bubble plot of the Cl concentrations can be seen in Figure 3-13 which shows the samples 

that falls within the sub catchment area as well as samples near the sub catchment. Most of the 

samples that were analysed and presented in the research paper (Abiye, 2011) are located 

regionally across the Witwatersrand Goldfields, however samples that are near the sub 

catchment area also provides a good indication of the recharge potential for related aquifer 

systems that falls outside of the sub-catchment area. The samples that are located within the sub 

catchment area are located mostly towards the north, east and central parts with a few samples 

further south in the sub catchment and towards were the Blesbokspruit exits the sub catchment.  

The bubble plot indicates Cl concentrations ranging from 2 mg/l to 90 mg/l for samples along the 

northern and eastern part of the sub catchment. The samples in the central part indicate higher 

concentrations that can range from 462 mg/l to 7437 mg/l. These increased concentrations may 

be due to historical, as well as current active mining operations in these areas. The samples 

indicating concentrations above 900 mg/l and within the sub catchment are situated just south 

of the Grootvlei Mine (GROOTVALLEY (DUP NAME 22680) and just north of the Geduld Proprietary 

Mines (G10D and G23D). The proximity to the mining activities would imply possible seepage to 

the groundwater systems within the mining areas and increased Cl concentrations. The samples 

further south within the sub catchment mostly indicate Cl concentrations ranging from 91 mg/l 

to 462 mg/l.  
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Figure 3-13 Chloride concentrations in and around the sub catchment 



39 
 

Recharge to the different aquifer systems can be determined through the chloride method by 

using the MAP for the associated area and the groundwater Cl concentrations (Conrad et al., 

2004) and (Van Dyk, 2006) The groundwater samples that had increased Cl concentrations due to 

mining activities were not considered for the recharge estimations. 

The Chloride method makes use of the chloride concentrations in groundwater, the mean annual 

rainfall as well as the chloride concentrations in rainwater for the specific area. The chloride mass 

balance for determining recharge can be described by Equation 3-1, where R represents Recharge 

in mm/a, P represents Precipitation (mm/a), Cl (GW) represents Chloride concentrations in 

groundwater and Cl (RW) represents Chloride concentrations in rainwater.  

The potential chloride concentrations in rainwater can best be described by looking at the Urban 

Highveld Cl concentrations in rainwater during early, peak and dry tier intervals of semi-arid 

regions in South Africa (van Wyk et al., 2011) which is indicated in Table 3-4 as 0,6 mg/l for early, 

0,3 mg/l as peak and 1 mg/l during dry periods. The three tier chloride concentrations are also 

represented in Figure 3-14 for the Pretoria region as 0,7 mg/l during early periods, 0,3 mg/l at 

peak conditions and 1 mg/l during dry periods (van Wyk et al., 2011).  

Ὑ ὖᶻ
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Equation 3-1 Chloride mass balance to determine recharge potential. 
 

Table 3-4 Rainwater chloride concentrations for South Africa Taken from (van Wyk et al., 
2011) 

 

 

 

Table 3 

Summer rainfall anion concentrations [mgĿǎ-1] in semi-arid regions of South Africa for the 3-tier intervals (early | 

peak | dry) over the HC and correlated with some local land use activities. Values are harmonic means of a 

population of selected analyses. 

Attribute  Karoo Region1 Savanna Region2 Ghaap Plateau3 Urban Highveld4 Bushveld Region5 Kalahari 

Sandveld6 

Anions:  mgĿǎ-1 

ClĖ 0.8  0.7 1.3 0.9 0.8 1.0 0.7  0.4 1.0 0.6 0.3 1.0 1.0 0.7 2.0 0.7 0.3 0.8 

SO42  - 0.1 0.8 1.1 3.6 2.7 1.1 1.3 1.0 1.5 1.6 1.4 5.0 0.1 2.2 4.1 2.4 0.6 1.6 

NO3-  0.9 0.2 1.4 1.1 0.7 j 0.1 j 1.6 1.4  0.4 0.5 0.1 0.1 0.1 0.9 0.3 1.6 

1 Beaufort West area (northeast), towards the Nuweveld Escarpment, Western Cape ï wildlife reserve 
2 Stella area, Vryburg District (south), Northern Cape ï stock farming and dryland irrigation 
3 Catchment of the Kuruman A-Eye at Kuruman (south), Northern Cape ï wildlife reserve 
4 Pretoria East (Lynnwood-Garsfontein), Gauteng (semi-humid region) - urban residential 
5 Taaiboschgroet area in the Alldays District (southwest), Limpopo ï wildlife reserve6 Van Zylsrus area (west), Gordonia District, Northern 

Cape ï wildlife reserve j Not detected, concentration level probably <0.05 mgĀǎ-1 
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Figure 3-14 Figure indicating the rainwater chloride concentrations over South Africa Taken from (van Wyk et al., 2011) 
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The potential recharge estimations from using the chloride mass balance equation and assuming 

the peak conditions for chloride concentrations as indicated above together with the 

groundwater chloride concentrations from the samples are summarised in Appendix C. The 

assumptions for samples that could be influenced by mining activities as well as concentrations 

that were at the detection limits were not considered for the recharge estimations.  

The minimum recharge potential was calculated at 1,8 mm/a (0,2%) and the maximum at 509,7 

mm/a (69,3%). The average recharge was calculated at 82,6 mm/a (11,2%). The recharge 

potentials indicate a wide range of possible recharge to the different aquifer systems and 

potential additional influences from contaminant sources on a regional scale.  

The potential recharge estimations for the sample locations within the sub catchment area were 

plotted against the geology to evaluate the potential recharge for the associated aquifer systems 

in terms of geology types. The bubble plot indicated in Figure 3-15 shows that recharge 

percentages for the different geology types and associated aquifer systems varies over a wide 

range. The recharge potential and related geology for the sample locations in the sub catchment 

are summarised in Appendix D with the following that needs to be noted: 

¶ Recharge to the alluvial deposits and shallow aquifer systems can range from 3,9% to 

14,4% of MAP. 

¶ Recharge to the Diamictite formations and associated hard rock aquifer systems can range 

from 0,2% to 17,6% of MAP. 

¶ The Dolomitic and karstic aquifer systems which predominantly underlies the shallow 

aquifer and alluvial deposits has recharge ranging from 0,6% to 29,5% of MAP. 

¶ The sedimentary Sandstone and Shale aquifer systems that covers most of the sub 

catchment area indicated recharge ranging from 0,5% to 40% of MAP.  

¶ The high recharge percentages from the sedimentary aquifers may also be influenced by 

external factors.  
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Figure 3-15 Recharge percentages and Geology for the Sub Catchment 
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Figure 3-16 Geological key for Figure 3-15
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3.1.2.3 Groundwater levels  

Groundwater levels from at least 112 regional boreholes could be gathered from Department of 

Water Affairs (DWA), Geodata base for Quaternary Catchments C21D and C21E as well as for the 

same project reports (Scholtz, 2013), (Koekemoer, 2020) and research papers (Abiye, 2011) and 

(Botha, 2018). Limited data regarding recent groundwater levels for the sub catchment area could 

be sourced, however, it is believed that with the active mining and dewatering from the mines 

that exit in the sub catchment area that there will probably be more groundwater level data 

available, and this information might be of a sensitive nature which will require special permission 

to be used for research purposes. 

The groundwater levels are summarised in Appendix E which indicates the regional groundwater 

levels for the sub catchment area and surroundings. The measurements dates for the research 

papers and project reports range from 1984 to 2023. The groundwater level data sourced from 

DWA have at least four boreholes (C2N1113, C2N1114, C2N0890 and C2N0893) that were 

measured within the last four years with two sites (C2N0890 and C2N0893) that were measured 

in January 2023. The oldest measurements dates to 1984 and 1989 for boreholes C2N0113 and 

C2N0888 respectively which may imply that these boreholes do not exist anymore. The shallowest 

groundwater level measurement was measured at 0,3 mbgl and the deepest at 169 mbgl. This 

observation indicates that the aquifer system could be influenced by dewatering and abstraction 

that causes the wide range of water level depths. The average water level depth was estimated 

at 32,9 mbgl.  

The groundwater positions the falls within the sub catchment area and associated hydraulic heads 

were plotted against topography (Figure 3-17) to look at the correlation between hydraulic head 

and elevation. Generally, a good correlation between measured hydraulic head and topography 

would be represented by at least 90% and above however in this case for the sub catchment, the 

correlation is around 8% which would imply a large influence from groundwater abstraction at 

some of the boreholes and subsequent water level drop during abstraction. The regional 

groundwater level could also be influenced by dewatering from Grootvlei mine. The 45-degree 

angle line does indicate some correlation for specific boreholes and that the general trend show 

that water levels are below topography as all the holes plot above this line. 

A spatial plot of the regional groundwater level positions in and around the sub catchment and 

their respective water levels depths represented as bubble plots are presented in Figure 3-18. The 

groundwater levels ǘƘŀǘΩǎ ƛƴ ŎƭƻǎŜ ǇǊƻȄƛƳƛǘȅ ǘƻ ǘƘŜ ŘǊŀƛƴŀƎŜ ǎȅǎǘŜƳǎ generally indicated shallower 
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groundwater levels (0,3 to 7 mbgl) and could be due to the baseflow component that surface 

water presents to the groundwater systems from the drainages and related shallow alluvial 

aquifers. This is also evident from the boreholes (BH41 and BH21) located to the east of the sub 

catchment and next to the lake along the Rietspruit. The boreholes that are situated along the 

Rietvlei River to the north of the sub catchment indicated groundwater levels as deep as 169 mbgl 

and its possible that these holes may be used for irrigational purposes for farming activities or 

water supply to the local municipalities.  

The groundwater level positions provided by DWA, all fall within the sub catchment area and are 

mostly concentrated along the northern and north-eastern boundary of the sub catchment. The 

boreholes located along the northeastern boundary of the sub catchment area indicates deeper 

groundwater levels (77-169 mbgl) which also may imply abstraction from groundwater resources 

for mining and agricultural purposes. The EnviroServe Holfontein Landfill site is adjacent to a 

mining activity and C2N0113 (138.4 mbgl), C2N1113 (49.57 mbgl) and C2N1113 (48.95 mbgl) is 

situated almost on the boundary of this mining facility. 

The groundwater level positions clustered along the eastern boundary of the sub catchment 

indicated groundwater levels ranging from 3,5 mbgl (DN08) to 100,5 mbgl (DN57). The shallow 

water levels in this area may also be due to the shallow aquifer systems although the deeper 

water levels may be influenced by farming and irrigational purposes. 

The hydraulic heads from the groundwater positions that falls within the sub catchment were 

contoured to evaluate the groundwater flow regime locally (Figure 3-19). The correlation 

between hydraulic head and topography implies an aquifer that is readily influenced by 

groundwater abstraction and this observation is reflected when looking at the contours in relation 

to the sub catchment topography. At this stage it is difficult to say what the groundwater regime 

and flow direction is however some indication in the northern part of the sub catchment shows 

groundwater flow to be towards the Blesbokspruit and form east and west trending tributaries 

and then a general southwards flow direction towards the exit point of the Blesbokspruit.  
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Figure 3-17 Correlation between measured hydraulic head and topography. 
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Figure 3-18 Groundwater levels in and around the sub catchment area
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Figure 3-19 Measured Hydraulic Head as interpolated from the reported groundwater 
levels 












































































































































