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1 Recharge in rehabilitated opencast Collieries 

1.1 Introduction 

Current projections indicate that the total area of rehabilitated opencast collieries in the Mpumalanga 

province of South Africa will be more than 75000 ha.  All these rehabilitated opencast mines will 

decant in the future.  Legislation in South Africa requires that all mine water must be treated before 

it is released into a stream, river or canal.  

Formal research into the recharge of rehabilitated opencast collieries has never been conducted.  The 

industry and geo-hydrological consultants use recharge values suggested by F.D.I. Hodgson and 

R. Krantz (WRC Report No: 291/1/95).  These values have been determined from observations at nine 

opencast collieries within the Olifants Catchment. 

The Mpumalanga province receives an average annual rainfall of 700 mm/year.  Not all the rainfall will 

contribute to the amount of water in the pit.  A large percentage will be evaporated or intercepted by 

root systems of vegetation on the rehabilitated opencast.  The water that percolate past the root 

system will contribute to the volume of water in the pit.  

The size of the water treatment plant and the date when the plant must be operational depends on 

how quick a pit will fill-up and continue recharging after it starts decanting. Using the average rainfall 

and the projected total area of opencast collieries, it is estimated that one percent difference in actual 

recharge will amount to 5 250 000 m3/a or 14.4 Ml/d.  

1.2 Background 

The fact that recharge is occurring in rehabilitated opencast areas is well known but the rate at which 

this is happening is unclear.  The rehabilitated pit can receive water from rain falling directly on the 

rehabilitated spoils, the final void and ramps. Rainfall resulting in run-off can flow onto the 

rehabilitated spoils, the ramps and into the final void. Depressions on the surface may result in 

standing water.  

An opencast mine can be compared with a bucket containing numerous small holes. The bucket may 

be filled with pebbles to emulate the backfill material. Placing the bucket in a pool of water will result 

in water flowing through the holes into the bucket. The rate at which this happens is, besides a few 

other parameters, highly dependent on the size and the number of holes and the difference of the 

water levels inside and outside of the bucket. Water will continue to flow until the water levels inside 
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and outside the bucket are the same. When a small amount of water is added to the bucket, the water 

will leave the bucket through the holes and will stop flowing when the water levels inside and outside 

are in equilibrium. This can take a long period of time when the holes are extremely small. When a 

large amount of water is quickly added to the bucket, water will not be able to flow through the little 

holes fast enough and the bucket will start to overflow or decant (Figure 1). 

 
Figure 1: Opencast bucket model (Lukas 2012). 
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Imagine a rehabilitated opencast situated in an unconfined, homogeneous and isotropic aquifer. 

Without any precipitation and evaporation it is impossible for the opencast mine to decant. Let’s 

assume there is groundwater, the water in the pit will continue to rise until equilibrium is reached 

between the water level in the pit and the water level in the surrounding rock. Water entering the 

opencast from the upstream side will leave the pit downstream (Figure 2). 

 
Figure 2: Rehabilitated opencast pit without rainfall and evapotranspiration (Lukas, 2012). 

The same opencast mine in an area with rainfall and evapotranspiration but without any run-off will 

never decant as long as the evapotranspiration is higher than the rainfall. The water level in the pit 

will fluctuate depending on the rainfall events (Figure 3). 

 
Figure 3: Rehabilitated opencast pit with rainfall and evapotranspiration - no run-off (Lukas, 2012). 

Adding run-off to the same scenario changes the picture drastically. The run-off from the surrounding 

areas towards the more porous rehabilitated spoils will result in a higher hydraulic conductance, 

allowing for a faster recharge of the spoils (Figure 4). 

It is important to determine the extent of the area receiving precipitation that can run-off into the 

rehabilitated pit. This way a volume of water that can enter the pit may be calculated. To minimize 

the amount of water in the pit the rehabilitation must be designed in such a way that no water from 

surrounding areas can run-off onto (or into) the rehabilitated pit.  
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Figure 4: Rehabilitated opencast pit with rainfall, evapotranspiration and run-off (Lukas, 2012). 

1.3 Problem setting 

Water entering the mining cavity will be classified as mine water. Mining companies are required to 

treat the water, regardless of the water quality, before it may be released into a stream or river 

(DWAF, 2007). This requires the construction of water treatment plants. The cost of cleaning is 

currently estimated around R10 per cubic metre. The size of the plant is dependent on the “water 

make” of the rehabilitated opencast mines.    

To illustrate the importance of a reliable recharge rate, consider the following: 

A total of 75 000 ha of rehabilitated opencast exists in Mpumalanga.  With an average rainfall of 

700 mm/a, 1% of the recharge rate will result in a 5 250 000 m3/a (14 500 m3/day) or more than 

R50 million / year (@ R10 / m³) … forever! 

The rate at which opencasts fill-up greatly depends on the rainfall and the actual percentage of the 

rainfall that reaches the water level in the pit.  Calculation of a recharge value is performed by entering 

all other water sources into a water balance using the recharge as the balancing factor.  Data 

requirements to quantify all the water sources will include the following properties: 

 A detailed layout for the mined and rehabilitated pit. 

 Water levels in and around the pit. 

 The water influx rate and water source (run-off, aquifer, recharge, intermine flow). 

 Mining and backfill methods. 

 Type of backfill material. 

 State of rehabilitation. 

The scope of work for this study is: 

 Identification of applicable test sites. 

Horzontal reference

Run-off
Run-off Recharge from run-off

Recharge from rainfall
Evapotranspiration
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Run-off

Run-off
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 Analysis of past and new information. 

 Collection of data. 

 Development of a detailed groundwater balance and the quantification of all water sources. 

 Design of a user-friendly computer program to calculate a recharge value for any given pit. 

 Report of the findings presented to the COALTECH committee. 

2 Rehabilitation 

Rehabilitation can be described as the reshaping of the surface after mining ceased.  To reshape the 

surface, the mine void is filled with the overburden or spoil. In most cases this forms part of the mining 

process. The spoil is then compacted and shaped according to a rehabilitation plan after which it’s 

covered with the topsoil.  Because more material is taken from the pit compared to volume that’s 

placed back in the mined-out void, there will always be a material shortage.  To make up for this deficit 

a small part of the mining void will not be filled, this part is called the final void.  The larger (thicker) 

the coal seams mined the larger the final void will be.   

A larger final void should not necessarily be a bad thing!  Even though the recharge on a final void is a 

lot higher, as 100 % of all the precipitation that the final void receives will account to the recharge, 

the evaporation of the open water is also higher. The expected evaporation for the Mpumalanga area 

is more than 2 m (WR2005) while the average rainfall is around 0.75 m annually (WR2005).  Resulting 

in a negative water balance for the final void. 

2.1 Spoil Composition & Porosity 

The overburden in the Witbank coalfields mainly consists of sandstone and shales as illustrated by 

Smith and Whittaker in 1986 (Figure 5). 

The amount of water that can be stored inside a rehabilitated pit is dependent on the size of the pit, 

the volume of the voids between the spoil material and the porosity of the spoil material itself. 

The porosity of sandstone can vary between 5 and 30 %.  Shale’s porosity ranges between 0 and 10% 

(Freeze and Cherry, 1979 and Kruseman & de Ridder, 1991).  Twelve core samples were obtained from 

Syferfontein mine to calculate the porosity. After saturating the samples, core sample number three 

lost his shape and broke up numerous smaller pieces. Unable to retrieve all pieces to be weighted the 

sampled was removed from the list. The porosity of the remaining eleven samples varied between 

4.6% and 14.2% with an average of 8.4% (Table 1). 
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Figure 5: Typical stratigraphic columns in the Witbank coalfield (simplified after Smith and Whittaker 1986) 

Although the porosity of the back-filled material is important it is not the largest factor when it comes 

to the porosity of an opencast mine. During the mining process the overburden must be broken-up 

into smaller pieces (often by blasting) in order to be removed from the opencast.  Most of the time, 

the material is not removed from the pit at all, it is just moved from active mining side of the pit to an 

already mined part inside the same pit.  This process is often performed by dragline- or truck-and-

shovel method or a combination of the two. The broken-up pieces are still large when dumped 

allowing to form voids or spaces between the rocks.  Many of these spaces will be filled by smaller 
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rocks.  Sandstone has a maximum bulking factor of 80% (The Engineering Toolbox).  This means that 

the volume of the sandstone can increase by 80% - or in other words, the created porosity can be up 

to 80%.  After the overburden is dumped, the backfilled material is compacted to decrease the volume 

by reducing the spaces between the rocks.   

Table 1: Core sample porosity. 

 

By handling the overburden (spoil) another type of medium has formed.  In hydraulic terms, a double 

porosity medium is created in the opencast pit.  The double porosity consists of the spaces between 

the rocks (first porosity) and the porosity of the rocks themselves (second porosity).  The opening 

between the rocks are enormous compared to the openings in the rock itself.  Water inside the pit will 

follow the path of least resistance, rather flowing through the much larger openings between the 

rocks as opposed through the openings in the material. 

Before the pit is allowed to be flooded, the spoil is considered completely dry (Figure 6).  When the 

flooding starts water will enter all the openings between the spoil (Figure 7).  After enough time the 

submerged rocks will become saturated.  As the pit continues to fill-up, the water level rises and more 

rocks will become submerged and eventually saturated with water (Figure 8 & Figure 9).   

When the water level starts to decline, the spaces between the rocks are drained very quickly but due 

to capillary forces, the water will remain in the saturated rock (Figure 10).  Without being influenced 

by the normal atmospheric elements the rock will remain (semi) saturated and as the water level 

fluctuates only the volume between the rocks will be affected. 

Core 

Sample

Lithology Diam 

[mm]

Length 

[mm]

Volume 

[mm³]

Dry weight 

[g]

sg-dry. 

[kg/l]

Wet weight 

[g]

sg-wet. 

[kg/l]

Porosity 

[%]

1 Sandstone 47.0 138.00 239415.29 588.65 2.459 615.68 2.572 11.288

2 Sandstone 57.0 87.00 221996.45 625.00 2.815 635.69 2.863 4.813

4 Sandstone 47.0 70.00 121442.54 309.42 2.548 320.13 2.636 8.815

5 Sandstone 47.0 205.00 355653.14 874.64 2.459 902.60 2.538 7.862

6 Sandstone 47.0 197.00 341773.99 846.33 2.476 880.21 2.575 9.913

7 Sandstone 47.0 225.00 390351.01 965.85 2.474 993.23 2.544 7.013

8 Sandstone 47.0 150.00 260234.01 657.22 2.525 676.54 2.600 7.424

9 Sandstone 47.0 105.00 182163.80 461.41 2.533 469.73 2.579 4.567

10 Sandstone 47.0 75.00 130117.00 203.48 1.564 210.17 1.615 5.142

11 Sandstone 47.0 114.00 197777.84 485.36 2.454 507.96 2.568 11.424

12 Sandstone 57.0 75.00 191376.25 638.92 3.339 666.15 3.481 14.229

TOTAL 2632301.33 6656.28 2.529 6878.07 2.613 8.426
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Figure 6: Schematic cross-section of a 
completely dry rehabilitated opencast 
pit. 
 

 

Figure 7: Schematic cross-section of a 
rehabilitated opencast pit in the begin 
stages of flooding. 
 

 

Figure 8: Schematic cross-section of a 
rehabilitated opencast pit half way 
flooded. 
 

 

Figure 9: Schematic cross-section of a 
rehabilitated opencast pit almost 
completely flooded. 
 

 

Figure 10: Schematic cross-section of a 
rehabilitated opencast pit with declining 
water levels. 
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2.2 The size of the final void  

Most rehabilitated opencast mines have a final void.  After mining is completed and the spoil is placed 

back in the mining void a shortage of material is experienced due to the removal of the coal.  Although 

the overburden will become larger in volume just because the rock is broken in large pieces, it will also 

lose some of its volume during the compacting process.  It will not be possible to compact the spoil to 

the same density as before the mining process started.  There will still be an increase in volume even 

after compaction was completed.  Let’s call this increase in volume the final bulking factor.  The size 

of the final void is depending on the total volume mined (coal + overburden) and the volume of the 

overburden multiplied with the final bulking factor.  It will be evident that the final void will be smaller 

when the coal layer is thinner or deeper.  Spoil compaction will be better in the lower parts of the 

rehabilitation (closer to the bottom of the pit) due to the weight of the overlaying material.   

The total void in a rehabilitated pit can be calculated as follows: 

Vvs = Vr - (Vr – Vc) x f  

Where: 

Vr = Volume material removed (overburden + coal) 

Vc = Volume coal 

f = Final bulking factor 

2.3 The state of rehabilitation 

When precipitation falls on the rehabilitated pit, the first obstruction it may encounter on its path 

down into the ground is the vegetation.  Some of the rain will be collected by the vegetation where it 

will stay until it is evaporated.  The rain that make it past the vegetation will attempt to infiltrate 

deeper into the ground.  The infiltration depends on the type of soil as soils with a high clay content 

will delay or prohibit the recharge and water puddles can form.  Given enough time, some of the water 

will infiltrate and the rest will evaporate.  The water percolating down towards the saturated zone 

must first pass the roots of the vegetation.  Water captured by the roots will be used and transpired 

by the plants.  The water that permeates past the root zone will eventually make it to the water table 

where it will form part of the mine water.  
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The four photos in Figure 11 display different states of vegetation.  The first displays a thick grassland 

vegetation. The second one seems to have topsoil, but some areas have no grass.  The third picture 

has a very thin layer of topsoil and the last contains no topsoil at all. 

 

    

    
Figure 11: Four different states of vegetation. 

3 Recharge calculation methods. 

There are different methods available to determine groundwater recharge.  In theory there is no 

difference between groundwater in virgin ground and (ground)water in a rehabilitated opencast pit 

except for the actual location and possibly a different chemical fingerprint.  The different recharge 

calculation methods include: 

 Chloride mass balance 

 Inverse modelling 

 Cumulative rainfall departure 

 Groundwater Level Fluctuation 

 Saturated Volume Fluctuation 
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3.1 Chloride Mass Balance (CMB). 

This method is frequently used to estimate groundwater recharge from rainfall because of its low 

costs.  The method assumes that chloride ion behaves as a conservative, non-adsorbed environmental 

tracer under steady state conditions.  The application of this method is restricted by the following 

assumptions: 

1. The only source of groundwater chloride is the chloride in the precipitation. 

2. There is no recycling of chloride in the system 

3. Rainfall and atmospheric chloride input is assumed constant for long periods of time. 

4. Rainfall is either recharged or evaporated without any significant influence from surface run-

off entering or leaving the area. 

5. No groundwater evaporation occurs up gradient from the groundwater sampling points. 

The method is not regarded as being reliable in an opencast environment due to possible run-off into 

a pit, decanting water leaving the pit and large open areas (final void) where water will evaporate. 

3.2 Inverse modelling technique. 

Two-dimensional finite difference or finite element model of the saturated zone.  Most groundwater 

models are built to predict groundwater levels in the future; they require a shape and dimension of 

the area as well as contour data.  Aquifer parameters needed for the development of a model include 

storativity (the volume of water that can be stored per volume aquifer) and the hydraulic conductivity 

(the ease for a fluid, in our case water, to flow through a medium.  When storativity and hydraulic 

conductivity values are not available, they need to be guessed, adding several degrees of uncertainty 

to the model. 

3.3 Cumulative Rainfall Departure. 

The cumulative rainfall departure (CRD) method, based on the water-balance principle, is often used 

to mimic water level fluctuations (Y Xu and GJ van Tonder, 2001).  The recharge coefficient, which is 

either used by or derived from the CRD method, represents an integrated average value. It can be 

derived when the storativity of the aquifer has been determined reliably (Xu & Beekman, 2003).  The 

method is used extensively with mixed successes in South Africa. 
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3.4 Groundwater level fluctuation. 

The water table fluctuation method is based on the premise that a rise in groundwater level in an 

unconfined aquifer is due to the recharge water reaching the water table (Scanlon, Healy & Cook, 

2002).  This method is developed to be used over short time intervals.  In order to apply this method 

an estimation of the specific yield (Sy) is needed.   

3.5 Saturated Volume fluctuation (SVF). 

The SVF method is a water balance based on average groundwater levels from monitoring boreholes 

over time (Xu & Beekman, 2003).  An arbitrary value is used for the aquifer thickness.  It is selected to 

ensure the volume always remains positive. Upon obtaining the status of the saturated volume of the 

aquifer, its variation over time is analysed (Bredenkamp, et al., 1995). The SVF method is best 

applicable to unconfined to semi-confined aquifers (Xu & Beekman, 2003).  The data requirements for 

this method include groundwater levels, storativity or specific yield, rainfall data and area size (Adams, 

et al., 2004).  

Based on the data requirements of the listed methods and the data available the Saturated Volume 

Fluctuation (SVF) method is selected as the preferred method to determine recharge at the 

rehabilitated pits. 

Table 2: The water balance. 

                          IN                                   MINE WATER BALANCE                                 OUT 

Groundwater Flow (GWin) Groundwater Flow (GWout) 

Pumping (QPin) Pumping (QPout) 

Seepage (QSin) Decanting water (QDout) 

Recharge from Rainfall (Re) Evapotranspiration (ET) 

 

The difference in the water balance must be stored in the mine (or when negative, removed from the 

mine).  In mathematical notation: 

GWin + QPin + QSin + Re = GWout + QPout + QDout + ET + ∆Volume 

∆Volume is the difference in water volume over the duration of the mine water balance.  
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Reworking the formula in terms of Re: 

Re = Volend + GWout + QPout + QDout + ET - Volstart - GWin - QPin - QSin 

Evapotranspiration is difficult to quantify.  When rain is falling on a rehabilitated mine some of the 

rain will be intercepted by vegetation.  From the remaining water that makes it onto the ground a part 

will be evaporated, and the rest will start to infiltrate beneath the surface.  Some of the infiltrated 

rainfall will be intercepted by the root system and will be used by the vegetation.  The water that 

makes it past the root zone will percolate deeper until it reaches the water table and at that point it 

will be used in the water balance as Volend.  This means that the percentage water that reach the water 

table is already compensated for evapotranspiration.  Only evapotranspiration by vegetation with root 

systems so deep that they can reach the water table must be considered. 

Typical steps needed to calculate  

 Select a time interval. Try to keep it as simple as possible by selecting periods without artificial 

changes to the water table (e.g. no pumping or decanting). If there was pumping or decanting, 

make sure all values (volumes of water going in or out) are available. The period must include 

some rainfall event. 

 Determine the area of recharge.  Water stored in the rehabilitated pit can be scattered into 

separate waterbodies.  The different 

waterbodies are created by water 

collected in depressions of the pit floor.  As 

the water level rises waterbodies will 

connect to grow into fewer but larger 

waterbodies.  Precipitation falling on one 

area of the mine may recharge one 

waterbody while rainfall falling on a 

different area may recharge another 

waterbody.  Special care must be taken to 

determine the extent and the volume of each waterbody as waterbodies can grow and shrink 

when water is added or removed.  When a waterbody grows, it may also merge with another 

waterbody changing its footprint instantaneous.  Using the position and shape of a waterbody 

and projecting it to the surface, drainage areas can be determined for each individual 

waterbody. 

 Calculate total volume of precipitation using the area of recharge. 

Figure 12: Multiple waterbodies in a pit. 
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 Calculate water stored at the start and at the end of the time interval. 

 Determine groundwater flow into and out of the pit. If the water level in the pit is lower than 

the water levels in the surrounding formation, the surrounding water will be flowing into the 

pit causing the pit to gain water.  When the water level is higher in the pit, the pit will be losing 

water to the surrounding formations. If the water level is the same inside and outside the pit 

water will be flowing in and out of the pit at the same rate, not gaining or losing water (see 

also Figure 3 and Figure 4). 

 Water balance.  Perform the water balance using the standard balance formula. 

4 Site selection 

COALTECH requested its members to make one or more rehabilitated opencast pits available for this 

study.  The test sites need comply with the following requirements: 

 Must be an opencast (strip) mine. 

 No mining should take place in the pit 

 Must be completely or partly rehabilitated. 

 If pumping takes place, abstraction volumes must be available. 

 The pit should not (yet) be decanting. 

In total five sites were made available from four different mining companies. The main characteristics 

are listed in the table below (Table 3).  

Table 3: Mining sites made available and their main characteristics. 

Colliery Mining house Rehab state Pit area Final void area # BHs # Pumps 

Kromdraai 
North Pit 

Anglo Rehabilitated 875 ha 3 ha 4 2 

Kleinkopje Anglo Unlevelled spoils - 
rehabilitated 

753 ha Unknown 1) 0 0 

Atcom South pit Glencore Rehabilitated 358 ha 33 ha 0 0 

Rondeboschje South32 Rehabilitated 49 ha 0 5 0 

Syferfontein Sasol Rehabilitated 780 ha Still dry 2 0 

1) Size unknown because large parts of the pit are not yet levelled. 

5 Void space calculation. 

To enable us to calculate the total or quantitative recharge we need to calculate the volume of water 

inside the rehabilitated pit for this we need the void space. 



 

© Copyright COALTECH 

This document is for the use of COALTECH only, and may not be transmitted to any other party, 
in whole or in part, in any form without the written permission of COALTECH. 15 

As mentioned in 2.1 Spoil Composition & Porosity, with the re-working of the overburden, breaking it 

into smaller pieces, placing it back in the pit and compacting a medium is created with completely 

different characteristics compared to the virgin ground. To determine the void space (porosity) of the 

backfilled material by sampling is almost impossible because the material although compacted is not 

consolidated and will break up in small pieces.  Furthermore, the material is highly heterogeneous, 

which means that if we could take a sample the outcome of the porosity determination will differ 

greatly with a sample take at another place within the same pit.  To take a representative sample the 

sample must be so large that it becomes practically impossible to accomplish. 

Geohydrologist have several pumping test analysis methods to their disposal to determine aquifer 

parameters.  Many of these pumping tests are developed for confined aquifers but there are a couple 

that can be used in an unconfined (water-table) aquifer.  Only two parameters, the abstraction rate 

and water levels, are collected during a pumping test.  Because of the expected high porosity, the flow 

of water in the rehab will be fast and the drawdown low.  To make sure that during a pumping test 

sufficient drawdown can be observed a high capacity pump must be used. 

Of the five mining sites made available to the project the Kromdraai North Pit is the only site with 

pump stations constructed.  Kromdraai Colliery is an opencast mine located northwest of Witbank. 

Most of the area has previously been mined by underground methods, which ceased in 1966. Many 

of the workings have flooded since the closure of underground operations. The decanting water and 

water pumped from the southern underground workings have since been treated in a liming plant at 

the mine, at rates between 1 – 10 ML/d (average 3 ML/d).  (Hodgson, 2010). 

The North pit from Kromdraai colliery is almost completely rehabilitated and the pit is (partially) 

flooded.  Two pump stations with a pump and two observation boreholes constructed in the North 

pit. The observation holes are in straight lines from the pumps on distances of 14 and 28 meters. The 

pump stations are located in the pit to minimize decanting (Table 4 and Figure 13). 

Table 4: Borehole positions on the Kromdraai North pit rehab. 

Borehole number Y-Coordinate X-Coordinate Elevation Borehole depth 

N7-Pump -2850650.00 7850.43 1490.47 20.00 

N7-1 -2850650.00 7866.00 1490.47 20.00 

N7-2 -2850654.00 7877.43 1490.47 20.00 

N1-Pump -2849950.0 6380.00 1474.23 25.00 

N1-1 -2849960.0 6389.70 1474.23 25.00 

N1-2 -2849970.0 6399.40 1474.23 25.00 

The observation boreholes next to the pumping stations are fitted with 40 mm piezometers. Pressure 

transducers were installed in the furthest observation boreholes (N1-2 and N2-2) at each pumping 
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site. The water levels measured in N1-2 indicate pumping at N1.  A levelogger was added to the 

monitoring program for a short period and installed in borehole N1-1. 

 
Figure 13: Google Earth screen shot with Kromdraai North pit outline and the two pump positions super imposed. 

The water level recorded at the pumping site N1 are depicted in Figure 14.  The graph shows a drop 

in water level elevation at time when pumping took place and a rise in water level elevation when no 

abstraction occurred. The correlation between rainfall and a rise in water level is also clearly visible. 

 
Figure 14: Pumped volumes and water level elevation and rainfall at pump station N1. 
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The area semi-transparent blue bar indicates a period with abstraction data and no rainfall. Figure 15 

is a detail view of that period.  The influence of the pumping on the water levels is clearly visible. 

 
Figure 15: A detail view of abstraction volumes and water level elevations recorded for the period April to October 2016. 

The abstraction volumes were converted to flowrates and together with the water levels from the two 

observation boreholes a hydraulic conductivity of 9.2 m/d and a transmissivity (T) of 152 m2/d was 

calculated using the Thiem-Dupuit formula. The Thiem-Dupuit formula is applicable in unconfined 

aquifers using the water levels from two observation holes. Interesting enough evaluating the same 

data with Cooper-Jacob (a method only applicable to confined aquifers) an almost identical value was 

determined (157 m²/d).  The cooper-Jacob method also calculated a storativity (S) value.  The value of 

19% indicates the (effective) porosity of the spoil without the influence of the final void. The final void 

during the time of the pumping test was only 0.3% of the size of the rehabilitated pit, more than a 

kilometre away from the pumped hole and not in the same waterbody.  The Theis recovery method 

may also be used in an unconfined system to determine the transmissivity of the formation.  Enough 

time without any pumping is needed to allow the water levels to return to the original levels in order 

to use this method – but the time without pumping was not long enough to be able to obtain any 

substantial results. 

Because this is the only opencast where effective porosity could be calculated, a spoil porosity 
value of 19% is used for ALL other opencast pits. 
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6 Recharge calculations. 

6.1 Kromdraai Colliery 

Table 5: Kromdraai characteristics 

Name: Kromdraai Colliery – North Pit 

Mining House: Anglo Coal 

State of rehabilitation: Fully rehabilitated 

Total area of pit: 875 Ha 

Total area of final voids: 3 Ha (From Google Earth Imagery- July 2016) 

Min & max elevation floor: Min: 1445.60   Max: 1495.60 

Min & max elevation surface: Min: 1461.40   Max: 1515.21 

Number of pumps installed: 2 

In pit boreholes: 4 (2 observation holes close to each pump) 

Pit porosity / void space 19% 

 

Kromdraai Colliery is an opencast mine located northwest of Witbank (Figure 13). Most of the area 

has previously been mined by underground methods, which ceased mining in 1966. Many of the 

workings have flooded since the closure of underground operations. The decanting water and water 

pumped from the southern underground workings have since been treated in a liming plant at the 

mine, at rates between 1 – 10 ML/d (average 3 ML/d).  (Hodgson, 2010). 

Kromdraai North Pit was an underground mine that has been converted into an opencast mine. The 

underground mine had, as expected, ventilation walls and other water retaining walls on its mine plan 

(Figure 16).  There are speculations that some of these walls are still intact, but nobody can confirm 

the whereabouts of these walls. 
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Figure 16: Pillar plan of the Eastern section of the Kromdraai underground mine (the Western side was not available). 

 

Using the measured water levels together with the coal floor contours, a water distribution map was 

created.  The observation boreholes near the pumpsites N1 and N7 are the only locations where water 

levels are measured. The water bodies without monitoring points are interpolated from the coal floor 

contours using the water levels at N1 and N7.  The water distribution map is created by flooding the 

contours to the maximum elevation of the contours or the maximum waterlevel measured whichever 

is higher.  The water levels are then systematically lowered at each measuring point taking the 

contours into consideration.  

     
Figure 17: Water distribution using water level measured at N1 (l) and N7 (r). 
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When using the values measured at N7 one waterbody is created compassing pump stations N1 and 

N7 (Figure 17 left).  The water level elevation measured at N1 does not correspond with the elevation 

of the waterbody.  Lowering the water level to the value measured at N1 splits the waterbody into 

two distinct waterbodies. This causes the water level of waterbody N7 to be lower than the actual 

measured water level.  (Figure 17 right).  The difference between the calculated and the measured 

water level elevations indicate that some information is missing.  The water level elevations measured 

at N1 and N7 are significantly different (1463.9 and 1472.2 mamsl) indicating that the waterbodies at 

these two pump stations must be separated.  To separate the waterbodies a no-flow barrier was 

inserted on the topographic high between N1 and N7 to keep the two waterbodies separated (Figure 

18). 

 

 
Figure 18: Kromdraai floor contours with a no-flow barrier (indicated in red) between N1 and N7. 

 

6.1.1 Determine area of recharge 

Figure 17 and Figure 18 illustrates that the pit is only partially flooded.  The maximum extent of the 

waterbody is limited by the geometry of the pit and the barrier between Pump stations N1 and N7.  

Assuming vertical recharge, the maximum size (or drainage region) of the waterbodies is dependent 

on local high regions (watershed) of the mine floor. Using the slope (direction and steepness) indicated 
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by vectors on the mine floor the area of recharge for this waterbody is delineated (Figure 19).  The 

area is a bit smaller than the maximum size of the waterbody as the western part will first flood to 

create some smaller waterbodies before they merge with the into one.  The size of the recharge area 

is 122 Ha. 

 
Figure 19: The area that will recharge the water body around N1. 

 

6.1.2 Recharge Calculation. 

Try to keep it as simple as possible by selecting periods without artificial changes to the water table 

(e.g. no pumping or decanting). If there was pumping or decanting, make sure all values (volumes of 

water going in or out) are available. The period must include some rainfall event. 

Using the water levels measured at N1-2 (the observation borehole the furthest from pump N1) during 

two periods where no pumping is recorded.  The first period from 2016/01/02 until 2016/03/31. 

Although no pumping is recorded the water levels indicate that some pumping has happened. The 

second period from 2016/11/15 until 2017/02/19 shows a steady rise in water levels with no 

indication of any pumping. The total rainfall for first period was 312 mm and for the second 202 mm. 

The recharge area that receives the rainfall is 122 ha in size. 
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A stage volume curve was created for the waterbody (Figure 21). A stage volume curve can be 

calculated for a complete mine, a section of a mine or a single waterbody and shows the relationship 

between the water level elevation- and the volume of water of the considered waterbodies.   

 
Figure 20: Time graph showing water level elevations and Rainfall data (Oct 2016 - Mar 2018). 

 

 
Figure 21: Stage-Volume curve for Waterbody N1 with elevations; volumes indicated for begin & end of water balance 
interval. 
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Table 6: Recharge calculations for Kromdraai. 

Using borehole N1-2 N1-2 

Start Date / End Date 2016/01/02 - 2016/03/31 2016/11/15 – 2017/02/18  

Total date span   

WL Elevation start / end 1462.00 – 1462.22 1461.54 – 1462.53 

In Pit Volume start / end 144407 - 1454210 1342626 - 1508183 

Volume Gained [m³] 39803 165557 

Volume Discharged [m³] - - 

Total Rainfall [mm] 312 202 

Total Rainfall [m³] 380640 (312 mm x 122 ha) 246440 (202 mm x 122 ha) 

Recharge [%] 10.4% 67.2% 

 

The difference between the recharge percentages is enormous.   The first one (10.4%) is probably 

too low as some pumping values are missing.  The second one can be too high but that is only 

possible if the rainfall recording is too low or if there is a problem with the actual contour values. 

For all practical purposes, the recharge values for this site cannot be used.  
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6.2 Kleinkopje Colliery 

Table 7: Kleinkopje characteristics. 

Name: Kleinkopje Colliery – Block 3A 

Mining House: Anglo Coal 

State of rehabilitation: All stages, from unlevelled spoil heaps to fully rehabilitated. 

Total area of pit: 753 Ha 

Total area of final voids: Unknown 

Min & max elevation floor: Min: 1518.46   Max: 1567.99 

Min & max elevation surface: Min: 1525.00   Max: 1626.09 

Number of pumps installed: None 

In pit boreholes: None 

 

Kleinkopje was one of the first mines that was made available to us to be used as a test site for this 

project.  Kleinkopje consist of many opencast pits in various states of their respective Life of Mine.  

Block 3A is an opencast pit where mining has ceased.  Only the #4 seam was mined.  The opencast pit 

is in several states of rehabilitation.  Some areas are completely rehabilitated while other parts have 

not been rehabilitated. Some of the spoil-heaps are not levelled.  Isolated patches of water, as a 

remnant of some rainfall event that happened not too long ago, were standing in a void (Figure 22).  

Nearby, at a distance less than 50 m in the same void some spontaneous combustion was visible in 

the floor indicating that the water level elevation must be well below the mine floor. 

  
Figure 22: Bottom of a void - Sponcom visible (l); some standing water (r). 

 

The pit floor is lower in the southern part of the pit and that part of Block 3A that is completely 

rehabilitated.  The northern part of the pit contains unlevelled heaps of spoil. Rainfall falling on the 

northern part of the pit will infiltrate easily due to the openness of the surface (lack of topsoil and 

vegetation).  Any recharge from rainfall (assuming a dry pit) will start to accumulate in the lower parts 

of the pit floor.  Figure 23 shows the outline of the pit on the left and on the right the same map is 

visible with the mines’ floor contours.  Figure 24 shows a 3-D view of the pit surface. The unlevel spoil 
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is clearly visible in the north and the levelled areas in the southern parts of the pit.  Please note the 

final void in the middle of the pit from north to south.  No water was visible in the final void. 

     
Figure 23: Kleinkopje Block 3A outline (l) and the floor contours (r). 

 

 
Figure 24: 3-D View of Kleinkopje mine. 

Because no water level elevation data is available the maximum water level elevation inside the pit 

was determined. These maximum levels were derived from surface elevations. As the mine water 

should not be daylighting and/or decant into neighbouring mining operations.  Using a void space of 

19% as calculated for Kromdraai, at total water volume of 2650 Ml is calculated in four different 
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waterbodies. With a maximum water level elevation of 1541.90 mamsl in the southern (rehabilitated) 

part of the pit (Figure 25). 

 
Figure 25: Maximum water volume in the Kleinkopje opencast before it becomes visible in the final voids 

Without any water in the voids and without the budget to drill a couple of ODEX holes at these lower 

locations it is not possible to verify the in-pit water level(s).  The boreholes north of the pit had no 

water (or the water level was lower than the pit floor).  Geohydrologists solely rely on the 

measurement of water levels located in either groundwater or surface water.  Without these 

measurements it becomes impossible to calculate volumes of water and as a result of that, the 

recharge rate. 

The absence of any ground water level information made it impossible to use this pit in this study. 
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6.3 Atcom’s South pit. 

Table 8: Arthur Tayler’s South Pit characteristics 

Name: ATCom’s South Pit 

Mining House: Xstrata Coal (now Glencore) 

State of rehabilitation: Fully Rehabilitated. 

Total area of pit: 358 Ha 

Total area of final voids: 33 Ha (9.2%) 

Min & max elevation floor: Min: 1518.46   Max: 1567.99 

Min & max elevation surface: Min: 1525.00   Max: 1626.09 

Number of pumps installed: At least one. 

In pit boreholes: None but there are 3 surface monitoring points in the final voids. 

Pit porosity / void space 26.7%      (spoil area @ 19% + final void area @ 100%) 

 

Atcom’s south pit is a rehabilitated pit containing three separate final voids.  The site does not have 

any boreholes but the water level elevations in each of the three voids are measured weekly by the 

mine’s survey department (Figure 26).   

 
Figure 26: Google Earth picture of the Atcom's South Pit 

The water level elevations time series for all three measuring points indicate a horizontal water table.  

From this, we can deduct that the backfill material is very course with a high hydraulic conductivity.  
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Figure 27: Panoramic view of one of the three final voids. 

Using the water level elevation time-series together with the detailed pit outline and the floor 

contours a time-volume graph depicting the amount of water in the pit over time is created.  One of 

the uncertainties in the volume calculations is the void space between the crushed spoils inside the 

pit. 

The total size of the ATCOM pit (including the final voids) is 355 ha.  The size of the final void is 33 ha 

or 9.3% of the total mine pit area. The total void space is calculated by using the 19% void space for 

the spoil and 100% void space for the final void -> 9.3% * 100% + (100%-9.3%) * 19% = 26.7%. 

 
Figure 28: Water level elevations measured at the three final voids. 
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Figure 29: 3D view of Atcom's South pit with water visible. 

Using the water level elevation measured by the mine’s survey department together with the mine 

floor and the calculated extraction factor the in-pit water volume were calculated.  The volume 

timegraph of Figure 30 shows a steady rise of water in the pit.  The total gain in water volume for the 

first year (Dec 2012-Dec 2013) was just above 4 million cubic meters.  Dividing that by the total pit 

area of 358 ha results in a recharge of 1215 mm/a.  A recharge well above the measured rainfall.  Table 

9 shows total rainfall of 518.5 mm measured at the mine during the same time period. This implies 

that pit must receive water from another source than rainfall. 

 

Table 9: Rainfall Atcom South Pit (Source Xstrata). 

Year 2012 2013 

Month Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainfall mm 73.8 73.8 79.6 84.4 53.4 10.6 0.0 0.0 0.0 8.8 87.2 41 5.9 
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Figure 30: Calculated water volume in Atcom’s South Pit. 

The only pumping figures received from the mine are extraction values. The mine started to dewater 

at the beginning of 2014 to start the mining of Driehoek (Triangle) just north of the pit. 

 
Figure 31: Atcom’s South Pit Abstraction data. 

The dewatering of the North Pit changed the layout of the pit completely. Figure 32 uses Google Earth 

imagery to displays a time lapse over four years from April 2012 until May 2016.  
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Figure 32: Time laps photos from Google Earth start left upper corner 2012-04-21 to Right bottom corner 2016-05-17. 

   
Figure 33: Atcom opencast in 2012-04-21 (l) and 2016-05-17 (r). 
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With all the activities inside the pit, the water balance has external factors that could not be 
measured and the pit had to be dropped from the study. 
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6.4 Rondeboschje. 

Table 10: Rondeboschje characteristics 

Name: Rondeboschje 

Mining House: South32 

State of rehabilitation: Fully Rehabilitated. 

Total area of pit: 49 Ha 

Total area of final voids: 0 Ha 

Min & max elevation floor: Min: 1564.00   Max: 1575.05 

 

.46   Max: 1567.99 

Number of pumps installed: 0 

In pit boreholes: 5 

Pit porosity / void space 19% (based on the value obtained at Kromdraai) 

Rondeboschje forms part of the Klipfontein section at Middelburg mine. Rondeboschje is a unique site 

as it has no final void. The site is completely rehabilitated.  Five ODEX boreholes were drilled into the 

spoils, two have been fitted with leveloggers (Figure 34). Rondeboschje dam, indicated on the map 

with RBDam, is located 300 meters east of the rehabilitated site.  The Rondeboschje dam is used as a 

holding facility to temporarily store the mine’s excess water from Klipfontein section on it’s route to 

the treatment plant.   

 
Figure 34: Aerial photograph of the Rodeboschje rehabilitated pit. 
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The site rehabilitation process concluded just as this project started. The project team was asked to 

supply the mine with coordinates for the five ODEX boreholes.  The borehole positions were selected 

to be situated in local depressions on the pit floor.  

Table 11: Borehole positions on the Rondeboschje rehab. 

 

    
Figure 35: ODEX drilling on Rondeboschje (l); servicing the installed leveloggers (r). 

Two pressure transducers (leveloggers) were installed in RRB1 and RRB3 respectively.  Water levels in 

the boreholes were measured every 4 hours. The water level elevations in the two boreholes follows 

the same pattern as is expected in a pit with a very coarse material. 

Rondeboschje surface drains towards the center of the pit where it will form a little stream that flows 

in a southern direction and eventually leave the pit near RRB1. 

The water levels are reacting on rainfall occurrences causing water levels to rise in the pit.  An 

interesting observation is the declining water levels during dry spells (Figure 36).  This means that 

water either flows out or be taken out of the pit.  No surface decanting was visible, and the mine 

assured us that no pumping was taken place either into or out of the pit. 

Suspecting a direct connection between Rondeboschje Dam, located about 300 meters to East of the 

pit (Figure 34), plotting the water levels of the dam together with the water levels of the pit shows 

that there is no correlation between the water levels whatsoever. (Figure 36).  
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The geological log supplied by South32 for HWK595 (Figure 38) shows an eroded layer on a depth of 

28 m with a thickness of 0.20 m. and all the layers on top are brownish off-white indicating some sort 

of weathering.  It is suspected that the Rondeboschje pit is decanting underground into the weathered 

aquifer.  

 
Figure 36: Water level elevations from the pit (RRB1 and RRB3) and Rondeboschje dam. 

 

 
Figure 37: Schematic cross-section of the pit. (Source: Van Niekerk 2016) 
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Figure 38: Geological log for borehole HWK595 – Source SOUTH32. 
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Using the latest water level elevations, the water distribution in the pit is calculated.  The water 

distribution in Figure 39 is the maximum amount of water possible in the pit given the measured water 

levels.  Using the water level time series and the stage volume curve of the pit, a time series of the in-

pit water volume can be calculated (Figure 40).  Figure 40 not only shows a rise in the volume of water 

in the pit during every rainfall happening but also a decline in water volume after each rainfall.  To 

calculate the amount of water discharging the declining water level elevations over a dry spell of both 

boreholes are used. 

 
Figure 39: A rotated 3D view of the floor contours and water level elevations. 

 
Figure 40: Time series of water volume in the Rondeboschje pit. 
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6.4.1 Discharge calculation. 

To calculate the discharge of pit water into the weathered zone a period without any rainfall and a 

steady decline in water levels is selected.  The discharge was calculated using data of RRB-1 and RRB-3.  

The period selected started on 2017/05/20 and lasted for 142 days until 2017/10/09. During that time, 

we measured a drop in water levels of 34 and 38 cm respectively. This resulted in a loss of water in 

the pit of around the 19 300 m³ or 136 m³/day. 

 
Figure 41: Discharge period indicated on the water level elevations from RBB-1. 

Using figure of the partially flooded pit the length of the wet profile, the contact of the main 

waterbody with the virgin ground, was easily determined (2845 m).  With the known length and the 

thickness of the weathered zone of 0.20 m we calculate a Hydraulic conductivity (K) of 0.24 m/d. 

Table 12: Discharge calculations for Rondeboschje using RRB-1 and RRB-3. 

Using borehole RRB-1 RRB-3 

Start Date / End Date 20170520 - 20171009 20170520 - 20171009 

Total date span 142 142 

WL Elevation start / end 1577.00 - 1576.66 1576.84 – 1576.46 

In Pit Volume start / end 289428 - 269906 281613 - 262497 

Volume Loss [m³] 19522 19116 

Discharge [m³/day] 137 135 

Transmissivity [m²/d] 0.04815 0.04745 

Hydraulic Conductivity [m/d] 0.2408 0.237 
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Figure 42: Rondeboschje floor contours (l) and partially flooded pit with wet profile indicated (r). 

 

 

6.4.2 Recharge calculation. 

Because the volume of water discharge into the weathered zone is now known and assumed to be 

constant, we can calculate a recharge factor using the whole time series – this will also eliminate 

seasonal variance. 
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Figure 43:Water level elevation and weekly rainfall at Rondeboschje. 

Using the complete date span from 2013/09/20 until 2018/03/12 for a total of 1634 days.  During this 

period, the water levels rose an average of 2 m. and gained 79000 m³.  The pit also lost water through 

discharging into the weathered zone at a total volume of 221000 m³.  Adding the volumes will give us 

the total recharge of 300000 m³.  The Rondeboschje floor elevations decline more or less constant in 

a southern direction; local depressions are assumed to be filled allowing us to use the total size of the 

pit as the recharge area. The total rainfall received by the pit is 1282820 m³ this equates to a recharge 

from rainfall of 23.4% for Rondeboschje. 

 

Table 13: Recharge calculations for Rondeboschje using RRB-1 and RRB-3. 

Using borehole RRB-1 RRB-3 

Start Date / End Date 20130920 - 20180312 20130920 - 20180312 

Total date span 1634 1634 

WL Elevation start / end 1575.42 – 1577.14 1574.45 – 1576.99 

In Pit Volume start / end 213649 - 297409 214997 - 288905 

Volume Gained [m³] 83760 73908 

Volume Discharged [m³] 223858  (1634 x 137) 220590  (1634 x 135) 

Total Rainfall [mm] 2618 2618 

Total Rainfall [m³] 1282820 (49 ha x 2618 mm) 1282820 

Recharge [%] 23.9 % 22.9% 
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6.5 Syferfontein. 

Table 14: Syferfontein characteristics. 

Name: Syferfontein Opencast 

Mining House: Sasol 

State of rehabilitation: Fully Rehabilitated. 

Total area of pit: 780 Ha 

Total area of final voids: Still dry 

Min & max elevation floor: Min: 1513.00   Max: 1520.30 

.46   Max: 1567.99 Number of pumps installed: 0 

In pit boreholes: 2 

Pit porosity / void space 19% (based on the value obtained at Kromdraai) 

Syferfontein Colliery is situated approximately 6.5 km north of Trichardt and 8 km northeast of 

Secunda, within the Mpumalanga Province. The colliery was established in 1989 with the purpose of 

supplying coal to the Sasol Synthetic Fuels (SSF) Plant in Secunda.  The mine’s open pit operations 

extended across the original alignment of the Trichardtspruit, requiring the spruit to be diverted. The 

opencast mining was completed in virgin ground and there was no need for prior dewatering of 

existing underground workings. Opencast mining has since ceased and initial rehabilitation has been 

completed. Pit 3 (Spandow), Pit 6 (Riversdale) and Pit 7 (Weltevreden) were left open for access into 

the underground mining sections where underground workings are accessed through adits into the 

highwall. The bord-and-pillar mining method is performed with some high extraction in places.  

The Syferfontein opencast pit is rehabilitated.  The final voids are currently dry and will remain dry as 

they are still currently used as entry points to the adjacent underground sections (Figure 44).  The coal 

floor is approximately 75 meters deep. Two 

boreholes (R11905W & R11906W) are 

located in the northern part of the opencast, 

both have leveloggers installed.  

The topsoil used during the rehabilitation 

must have a high clay content as small dams 

were formed after  periods of rain. 

The leveloggers were installed in August 2013.  They recorded the same water level elevations for the 

first year after which the levelogger in R11905W started to drift at the end of 2014 and stopped 

working a year later at the end of 2015. 
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A Davis weather station was installed on site capable of measuring temperature, wind speed and wind 

direction, humidity and rainfall.  The weather station has the capability to calculate an 

EvapoTranspiration (ET). 

 
Figure 44: Syferfontein opencast with connected underground sections. 
 

 
Figure 45: Measured Rainfall, hi-temperature and calculated ET for 2014 
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Figure 46: Rainfall and water level elevations recorded in the Syferfontein opencast. 

 

6.5.1 Discharging spoil water. 

Eleven horizontal boreholes were drilled into the spoils at the entrance to the Riversdale underground 

section to dewater the pit and ensure stability.  Flow is measured and recorded from these boreholes 

by mining personnel. The discharge records were supplied for all eleven horizontal boreholes.  Each 

drain’s flow is recorded in litre per minute. Not all drains were continuously discharging water.  

 
Figure 47: Position of monitoring boreholes and horizontal drains. 
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Table 15: Discharge records for horizontal drains. 

 

The average monthly litre / minute values were converted to an average daily discharge. 

 

6.5.2 Water in the pit. 

The two boreholes are both reporting a water level elevation of 1521.60 mamsl (Figure 48).  When 

the opencast floor is flooded to an elevation of 1521.60 the entrances to the underground workings 

must also be flooded.  The entrance to Riversdale (1513.1 mamsl) section is not flooded, this is because 

of the horizontal draining in that part of the opencast but the entrances to the other underground 

sections (all at between 1516 and 1517 mamsl) do not have local draining.  Because these entrances 

are not flooded, there must be a local high or a barrier preventing water flowing towards these 

entrances. 

Spoil BH 
Number

B/H 1 B/H 2 B/H 3 B/H 4 B/H 5 B/H 6 B/H 7 B/H 8 B/H 9 B/H 10 B/H 11
Total  

L/min
Total  
m³/d

31/08/13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 68.18 0.00 42.30 13.38 123.9 178.4

30/09/13 4.09 3.86 2.10 0.00 1.66 0.00 0.00 8.60 0.00 0.00 0.00 20.3 29.2

30/10/13 5.77 3.01 81.45 4.49 86.60 80.57 0.00 0.00 0.00 1.47 0.00 263.4 379.2

30/11/13 3.73 120.80 61.40 2.45 97.90 0.00 0.00 0.00 0.00 2.45 0.00 288.7 415.8

30/12/13 22.30 0.00 120.32 2.45 82.50 86.46 0.00 0.00 0.00 2.11 0.00 316.1 455.2

31/01/14 26.33 0.00 166.35 2.45 130.06 105.26 0.00 0.00 0.00 2.36 0.00 432.8 623.2

28/02/14 25.00 0.00 116.88 2.45 144.46 92.50 0.00 0.00 0.00 1.74 0.00 383.0 551.6

31/03/14 98.00 0.00 11.60 2.45 135.50 86.95 0.00 0.00 0.00 3.99 0.00 338.5 487.4

30/04/14 23.00 3.74 113.20 2.45 90.45 78.46 0.00 0.00 0.00 0.00 2.42 313.7 451.7

30/05/14 29.32 6.94 134.53 18.75 74.81 0.00 0.00 0.00 0.00 2.42 266.8 384.1

30/06/14 26.33 6.75 162.70 99.45 76.40 0.00 0.00 0.00 0.00 2.44 374.1 538.7

31/07/14 15.70 7.20 117.50 122.80 80.80 0.00 0.00 0.00 0.00 0.00 344.0 495.4

30/08/14 12.08 5.69 176.12 53.29 88.06 0.00 0.00 0.00 0.00 0.00 335.2 482.7

30/09/14 10.86 6.61 115.38 83.18 78.60 0.00 0.00 0.00 0.00 0.00 294.6 424.3

30/10/14 9.84 5.70 121.78 79.51 67.11 0.00 0.00 0.00 0.00 0.00 283.9 408.9

30/11/14 2.29 5.75 126.23 81.74 64.89 0.00 0.00 0.00 0.00 0.00 280.9 404.5

31/12/14 3.63 5.57 121.29 134.13 64.84 0.00 0.00 0.00 0.00 0.00 329.5 474.4

30/01/15 17.37 5.05 146.10 16.38 74.62 0.00 0.00 0.00 0.00 0.00 259.5 373.7

28/02/15 13.25 5.51 150.50 19.09 81.97 0.00 0.00 0.00 0.00 0.00 270.3 389.3

30/03/15 12.76 4.31 141.07 104.40 50.21 0.00 0.00 0.00 0.00 0.00 312.8 450.4

30/04/15 9.49 3.54 112.22 72.35 72.17 0.00 0.00 0.00 0.00 0.00 269.8 388.5

30/05/15 9.37 2.91 133.33 99.78 68.65 0.00 0.00 0.00 0.00 0.00 314.0 452.2

30/06/15 9.60 2.90 120.30 96.98 68.03 0.00 0.00 0.00 0.00 0.00 297.8 428.8

31/07/15 7.90 3.60 143.08 40.16 84.59 0.00 0.00 0.00 0.00 0.00 279.3 402.2

31/08/15 9.08 2.84 159.86 23.78 24.39 96.05 0.00 2.72 0.00 0.00 318.7 459.0

30/09/15 6.58 3.16 168.53 15.92 205.95 82.27 0.00 2.41 0.00 0.00 484.8 698.1

30/10/15 11.33 3.90 145.40 20.47 174.08 84.99 0.00 8.30 0.00 0.00 448.5 645.8

30/11/15 8.50 3.60 149.40 16.65 184.97 83.21 0.00 8.30 0.00 0.00 454.6 654.7

30/12/15 9.75 3.30 155.98 15.92 135.95 81.52 0.00 15.39 0.00 0.00 417.8 601.6

31/01/16 5.49 2.03 146.10 14.37 136.99 70.03 0.00 14.22 0.00 0.00 389.2 560.5

29/02/16 5.49 1.90 133.93 14.03 165.14 66.72 0.00 11.71 0.00 0.00 398.9 574.4

31/03/16 5.45 2.08 119.52 14.71 147.06 65.12 0.00 12.36 0.00 0.00 366.3 527.5

30/04/16 4.11 0.00 163.34 14.55 168.86 46.73 0.00 23.96 0.00 0.00 421.6 607.0

31/05/16 0.00 0.00 0.00 81.52 12.25 162.46 46.27 0.00 27.12 0.00 329.6 474.6

30/06/16 0.00 0.00 0.00 87.72 11.70 102.97 46.80 0.00 25.54 0.00 274.7 395.6

31/07/16 0.00 0.00 0.00 0.00 100.00 13.85 110.83 55.48 0.00 20.82 0.00 301.0 433.4

31/08/16 3.57 3.14 0.00 128.57 12.46 118.73 53.41 0.00 19.39 0.00 0.00 339.3 488.5

30/09/16 9.17 4.87 0.00 131.20 13.96 114.35 74.56 0.00 21.13 0.00 0.00 369.2 531.7

Average discharge [m³/d] 466.4
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Changing the zoom-extent in such a way that the whole Syferfontein mine becomes visible makes it 

clear that an East-West structure cuts through the Syferfontein operations. It is the border between 

the Riverdale and Weltevrede, Tweedraai and Spandow (Figure 49). 

       
Figure 48: Detail of opencast pit with entrance elevations (l)  - Water Volume in pit @ void space 19% (r). 

 
Figure 49: Syferfontein, final mine layout with floor contours. 
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The structure is expected run through the opencast section although not described in the contour 

data it is suspected to be intact, separating the opencast pit is a Northern and a Southern section.  To 

enable us to calculate the water volume in the Northern section a no-flow border was introduced 

inside the pit at the place the structure is anticipated.  The research shifted focus to the Northern 

section where the two boreholes are located; the southern section was dropped from the study due 

to a lack of monitoring points.   The area of interest was reduced from 780 ha to 253 ha. 

 
 Figure 50: Water volume in pit north of the dyke (void space 19%) 
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6.5.3 Recharge calculation 

With the average discharge of spoil water known it was possible to use the complete water level 

record (2013/08/30 – 2016/09/30) in conjunction with the rainfall data to calculate the recharge.  

During that period, the water level inside the pit fluctuated between 1520 and 1522 mamsl with an 

initial water level elevation of 1520.75 and a final elevation of 1521.31 mamsl.   

 
Figure 51: Stage-volume curve for Syferfontein North. 

 

Using the stage-volume curve, volumes were calculated for each water level elevation.  During the 

study period the water level rose 51 cm producing a gain in volume of 269438 m³.  Together with the 

discharge of 525633 m³ by the horizontal drains over the same period a total of 795071 m³ must have 

recharged into the pit. 

The total Rainfall for the period from 2013/08/30 to 2016/09/30 is 2431 mm. The area of Syferfontein 

North 253 ha (2532840 m²). 

The total rainfall received by the pit is 6160258 m³ this equates to a recharge from rainfall of 12.9% 

for Syferfontein. 
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Figure 52: Monthly rainfall for Syferfontein. 

 

Table 16: Recharge calculations for Syferfontein. 

Using borehole R11905W & R11906W 

Start Date / End Date 20130830 - 20160930 

Total date span 1127 

WL Elevation start / end 1520.75 – 1521.31 

In Pit Volume start / end 2540367 - 2809805 

Volume Gained [m³] 269438 

Volume Discharged [m³] 525633 (1127 x 466.4) 

Total Rainfall [mm] 2432.5 

Total Rainfall [m³] 6160258   

Recharge [%] 12.9 % 
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7 Conclusions 

Of the five sites made available for this project only three could be used as no water could be 

measured at Kleinkopje and the geometry of the AtCom South pit was altered during the mining of 

Driehoek (just North of the South pit).   

Of the three sites left, Kromdraai produced contradicting recharge values for different periods 

probably due to a shortage of pumping data. 

Rondeboschje and Syferfontein were the only sites allowing us to use the complete data series and 

yielding recharge values that are defendable.   

Rondeboschje’s recharge factor of 23.5% sounds high but is very reasonable considering the shape of 

the surface.  Rondeboschje surface drains towards the center of the pit where it will form a little 

stream that flows in a southerly direction and eventually leave the pit near RRB1.  The draining toward 

the center does not need to be a problem as long as clay content of the spoil cover (top soil) is 

sufficient and the cover thick enough.  Unfortunately, the topsoil was eroded at places allowing a 

direct path for surface water to enter the spoil. 

Syferfontein’s 12.9% sounds low but is also reasonable considering the depth of the pit floor.  A pit 

that deep allows for great compaction.  The topsoil cover at Syferfontein seems to be intact as 

demonstrated by the many dams that formed in the surface depressions after a period of rainfall.  This 

contributes to the lowering of the recharge factor. 

With only two sites available, it is not possible to create a generic formula that can be transformed 

into an automation spreadsheet or computer program.  The two recharge rates calculated are site 

specific. 
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