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GLOSSARY OF TERMS 

A confined aquifer is a formation in which the groundwater is isolated from the atmosphere at the point of 

discharge by impermeable geologic formations; confined groundwater is generally subject to a pressure greater 

than atmospheric pressure. 

Advection is the process by which solutes are transported by the bulk motion of the flowing groundwater. 

An unconfined, water-table or phreatic aquifer are different terms used for the same aquifer type, which is 

bounded from below by an impermeable layer. The upper boundary is the water table, which is in contact with the 

atmosphere so that the system is open. 

Aquifer – A body of rock, consolidated or unconsolidated, that is sufficiently permeable to conduct groundwater 

and to yield significant quantities of water to wells and springs. 

Aquifuge: An impermeable body of rock which contains no interconnected openings or interstices and therefore 

neither absorbs nor transmits water. 

Co-Disposal: Disposal of tailings and mine rock streams in one, integrated disposal facility (Golder and Associates, 

2012) 

Compartment – In a slope-aquifer system, an area formed by undulation of the water-table generally conforming 

to an undulation in the overlying topography. The crests of the water-table undulations represent natural 

groundwater divides that, under natural conditions, restrict the movement of groundwater to the boundaries of 

the compartment. 

Cone of Depression – A depression in the potentiometric surface of a body of groundwater that has the shape of 

an inverted cone and develops around a well/mine shaft/open pit mine from which water is being withdrawn. 

Discharge Area – An area in which there is an upward component of hydraulic head in an aquifer. Groundwater 

flows toward the land surface in a discharge area and escapes as a spring, seep, base flow to streams, or by 

evaporation and transpiration. 

Dispersion is the measure of spreading and mixing of chemical constituents in groundwater caused by diffusion and 

mixing due to microscopic variations in velocities within and between pores. 

Drawdown – The decline of the water table or potentiometric surface as a result of withdrawals from wells or 

excavations.  

Effective porosity is the percentage of the bulk volume of a rock or soil that is occupied by interstices that are 

connected. 

Equipotential line – A line in a two-dimensional groundwater flow field on which the total hydraulic head is the 

same at all points. 

Fault – A fracture or fracture zone along which there has been displacement of the sides relative to one another 

parallel to the fracture. 

Fracture – A crack, joint, fault or another form of break in rocks caused by mechanical failure. 

Groundwater table is the surface between the zone of saturation and the zone of aeration; also the surface of an 

unconfined aquifer. 

Heterogeneous indicates non-uniformity in a structure. 

Hydraulic conductivity (K) is the volume of water that will move through a porous medium in unit time under a 

unit hydraulic gradient through a unit area measured perpendicular to the area [L/T]. Hydraulic conductivity is a 

function of permeability and the fluid’s density and viscosity. 
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Hydraulic gradient is the rate of change in the total head per unit distance of flow in a given direction. 

Hydraulic Head – Generally, the altitude of the free surface of a body of water above a given datum. 

Hydrodynamic dispersion processes of mechanical dispersion and molecular diffusion. 

Interflow – The lateral movement of water in the unsaturated zone during and immediately after precipitation. 

Interflow occurs when the zone above a low permeability horizon becomes saturated and lateral flow is initiated 

parallel to the barrier. 

Joint – A fracture in rock along which there has been no visible movement.  

Mechanical dispersion is the process whereby a group of pollutants are spread in a longitudinal as well as a 

transverse direction because of velocity distributions. 

Metamorphic Rock – A rock formed at depth in the earth’s crust from pre-existing rocks by mineralogical, chemical 

and structural changes caused by high temperature, pressure and other factors. Examples include slate, schist and 

gneiss. 

Observation borehole is a borehole drilled at a selected location for the purpose of observing parameters such as 

water levels. 

Perched Water-Table – The upper surface of a body of unconfined groundwater separated from the main body of 

groundwater by the unsaturated material. 

Permeability is related to hydraulic conductivity, but is independent of the fluid density and viscosity and has the 

dimensions L2. Hydraulic conductivity is therefore used in all the calculations. 

pH is a measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral solutions, increasing 

with increasing alkalinity and decreasing with increasing acidity. 

Piezometric head () is the sum of the elevation and pressure head. An unconfined aquifer has a water-table, and 

a confined aquifer has a piezometric surface, which represents a pressure head. The piezometric head is also 

referred to as the hydraulic head. 

Porosity – The ratio of the aggregate volume of interstices in a rock or soil to its total volume. It is usually stated 

as a percentage. 

Potentiometric Surface – An imaginary surface representing the total head of groundwater and defined by the 

level to which water rises in tightly-cased wells. The water-table is a particular potentiometric surface. 

Pumping tests are conducted to determine aquifer or borehole characteristics. 

Recharge is the addition of water to the zone of saturation through the vadose/unsaturated zone.  

Sandstone is a sedimentary rock composed of abundant rounded or angular fragments of sand set in a fine-grained 

matrix (silt or clay) and more or less firmly united by a cementing material. 

Sedimentary Rock – A layered rock resulting from the consolidation of sediment deposited by some geologic agent 

such as water, wind, or ice. Typical sedimentary rocks include sandstone, limestone and shale. 

Shale is a fine-grained sedimentary rock formed by the consolidation of clay, silt or mud.  It is characterised by a 

finely laminated structure and is sufficiently indurated so that it will not fall apart on wetting. 

Specific storage (S0), of a saturated confined aquifer, is the volume of water that a unit volume of aquifer releases 

from storage under a unit decline in hydraulic head. In the case of an unconfined (phreatic, water-table) aquifer; 

specific yield is the water that is released or drained from storage per unit decline in the water table. 

Static water level is the level of water in a borehole that is not being affected by the withdrawal of groundwater. 
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Storativity is the two-dimensional form of the specific storage and is defined as the specific storage multiplied by 

the saturated aquifer thickness.  

Total dissolved solids (TDS) is a term that expresses the quantity of dissolved material in a sample of water. 

Transmissivity (T) is the two-dimensional form of hydraulic conductivity and is defined as the hydraulic 

conductivity multiplied by the saturated aquifer thickness. 

Vadose zone is the zone containing water under pressure less than that of the atmosphere, including soil water, 

intermediate vadose water, and capillary water.  This zone is limited above by the land surface and below by the 

surface of the zone of saturation, that is, the water table. 

Water table is the surface between the vadose zone and the groundwater, that surface of a body of unconfined 

groundwater at which the pressure is equal to that of the atmosphere. 
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LIST OF ACRONYMS 

ABA Acid-Base Accounting 

AD Acid Drainage 

Al Aluminium (mg/l) 

AMD Acid Mine Drainage 

ANC Acid Neutralising Capacity 

ARD Acid Rock Drainage 

As Arsenic 

BH Borehole 

Ca Calcium (mg/l) 

Cd Cadmium (mg/l) 

Cl Chloride (mg/l) 

CO3 Carbonate (mg/l) 

Cu Copper (mg/l) 

DEM Digital Elevation Model 

DW&S (DWS) Department of Water and Sanitation (previously DWA and DWAF) 

DWA Department of Water Affairs 

DWAF Department of Water and Forestry 

EC Electrical Conductivity (mS/m) 

EMPR Environmental Management Plan Report 

F Fluoride (mg/l) 

Fe Iron (mg/l) 

GCS GCS Water and Environment Consultants (Pty) Ltd 

GRIP Groundwater Information Project  

GUS Gus coal seam 

GW Groundwater 

h Potentiometric head 

HCO3 Bicarbonate (mg/l) 

HDPE High-Density Polyethylene (Plastic) 

HMP Hydrogeological Management Plan 

INAP International Network for Acid Prevention 

IWULA Integrated Water Use License Application 

IWWMP Integrated Water and Waste Management Plan 

K Potassium (mg/l) 

K (k) Hydraulic Conductivity (m/day) 

Kxx Hydraulic Conductivity on x-axis (m/day) 

Kyy Hydraulic Conductivity on y-axis (m/day) 

Kzz Hydraulic Conductivity on z-axis (m/day) 

LFCR Linear Flow Channel Reactor 

LOM Life of Mine 

m metres 

MAE Mean Annual Evaporation 

MALK Measured Alkalinity 

mamsl Meters above mean sea level 

MAP Mean Annual Precipitation 

mbgl Meters below ground level 

Mg Magnesium (mg/l) 

Mn Manganese (mg/l) 

MTPa Million Tons Per Annum 

n Porosity 

Na Sodium (mg/l) 
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NAG Net Acid Generation 

ND Neutral Drainage 

NEMA National Environmental Management Act 

NGA National Groundwater Archive 

NO3 Nitrate (mg/l) 

Non-PAG Non-Potentially Acid Generating 

NWA National Water Act 

OC (O/C) Opencast Workings 

PAG Potentially Acid Generating 

PAN Potentially Acid Neutralising 

Pb Lead (mg/l) 

PCD Pollution Control Dam 

PEST Parameter Estimation Simulation 

PUMPS Passive underground mine-water purification 

Re Recharge (%) 

RMS Root Mean Squared / Normalised Distribution 

RO Reverse Osmosis 

ROM Run of Mine 

S Storativity 

SAM Somkhele Anthracite Mine  

SANS South African National Standards 

Sb Antimony (mg/l) 

SD Saline Drainage 

SMD Saline Mine Drainage 

SO4 Sulphate (mg/l) 

SOB  Sulphate-Oxidising Bacteria 

SRB Sulphate-Reducing Bacteria  

SS Specific Storage / Suspended Solids (mg/l) 

Ss Specific Storage 

Sy Specific Yield 

T Transmissivity (m²/d) 

t Time (days) 

Talk Total Alkalinity (mg/l) 

TDS Total Dissolved Solids (mg/l) 

TWQR Target Water Quality Ranges 

W Groundwater Flux 

WQ Water Quality 

WMA  Water Management Area 

WUL Water Use License 

WULA Water Use License Application 

XRD X-Ray Diffraction 

XRF X-Ray Fluorescence 

Y years 

Zn Zinc (mg/l) 

ZOI Zone of Influence  

θ Porosity 
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DECLARATION OF INDEPENDENCE 

GCS (Pty) Ltd (GCS) was appointed to conduct this specialist groundwater study and to act as 

the independent hydrogeological specialist. GCS performed the work in an objective manner, 

even if this results in views and findings that are not favourable. GCS has the expertise in 

conducting the specialist investigation and has no conflict of interest in undertaking this 

study. This report presents the findings of the investigations which include the activities set 

out in the scope of work. 

 

EXECUTIVE SUMMARY 

 
GCS (Pty) Ltd (GCS) was appointed by Tendele Coal Mining (Pty) Ltd (Tendele) to undertake 

a hydrogeological investigation for the Mahujini, Emalahleni and Ophondweni opencast areas 

(also referred to as Somkhele Area 4 and 5), at the Somkhele Anthracite Mine (SAM) situated 

near Somkhele, KwaZulu-Natal Province. 

 

Project background 

This study serves a follow-up hydrogeological investigation for Area 4 and 5, which was 

completed in 2014 by GCS. The mining pit layouts, overburden stockpile areas and haul road 

plans were still in concept stage in 2014 and the hydrogeological data is now outdated. The 

study aims to update and summarise the current hydrogeological environment, risk and 

impacts associated with the Mahujini, Emalahleni and Ophondweni opencast pits during the 

operational, closure and post-closure phases.  

 

Study approach 

A logical and holistic approach was adopted to investigate and update the groundwater model 

and hydrogeological conceptual model for the Mahujini, Emalahleni and Ophondweni areas. 

The Department of Water Affairs and Forestry (DWAF, 2008) Best Practice Guidelines for 

Impact Prediction (G4) was considered to re-define and understand the three basic 

components of hydrogeological risk: 

• Source - The source of the risk; 

• Pathway - The pathway along which the risk propagates; and 

• Receptor - The target that experiences the risk.  

Moreover, the Australian Groundwater Modelling Guidelines (Barnett et al., 2012) was 

considered to ensure that the numerical model adheres to international norms and standards. 

The approach was used to redefine and update: 
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1. The source term(s); 

2. The hydrogeological and geochemical models: 

3. The numerical flow and transport models;  

4. The groundwater risk assessment (closure and post-closure); and 

5. The groundwater management and mine drainage plans. 

 
 

Local aquifer characteristics 

The following summarises the updated hydrogeological, geological, hydrochemical and 

geological data for the project area: 

• The Mahujini, Emalahleni and Ophondweni areas are underlain by sediments of the 

Emakwezeni Formation (lower Beaufort Group) of the Karoo Supergroup and 

numerous dolerite intrusive sills and dykes. 

• The aquifer zones directly underlying the sites were identified as follows: 

o Weathered to semi-confined aquifer zone; and 

o Confined fractured aquifer zone: 

• Boreholes drilled in the Somkhele region rarely exhibit a detectable blow yield. 

Literature suggest that the aquifer unit underlying the proposed Mahujini, Emalahleni 

and Ophondweni opencast areas can be considered a low-yielding aquifer which will 

yield in the order of 0.1 l/s to 0.5 l/s (King et al., 1998). 

• A total of twenty-eight (28) boreholes were identified during the 2019 hydrocensus 

(within 1 to 2.5 km of each of the proposed pits):  

o The majority of the boreholes discovered are exploration boreholes drilled 

by SAM; and the remainder are boreholes fitted with hand pumps. Limited 

groundwater supply boreholes were identified. 

o From the hydrocensus conducted, it is clear that water for human 

consumption and agricultural purposes within the mining areas are either 

obtained from some of the ephemeral streams or other water supply systems 

(i.e. hand pumps, rain harvesting into tanks or municipal water trucks). 

• The groundwater levels observed are summarised as follows: 

o Mahujini: ranges from 10 to 26 metres below ground level (mbgl) ; 

o Emalahleni: ranges from 11 to 32 mbgl; 
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o Ophondweni: ranges from 17 to 25 mbgl. 

• Available borehole water level data suggest a good correlation (≈ 85 %) between 

surface and groundwater elevations. There is also a good correlation between 2013 

and 2019 hydrocensus data.  

o The data suggest that the groundwater table mimics the topography, and 

that groundwater levels have not changed substantially since the original 

hydrocensus was carried out in 2013. 

• According to Parsons (1995), the aquifer can be classified as a Minor Aquifer. This 

was further confirmed by literature and field tests: 

o Saturated hydraulic transmissivities (T-values) for the aquifer range from 0.1 

to 9 m²/day, geometric average 0.5 m²/day. The data suggests very slow 

groundwater movement. 

• Groundwater recharge, calculated using the chloride (Cl) method (calculated in 

2019), gives rainfall recharge figures varying from as high as 3.6 % to as low as 2.2 %. 

Using a median value of 2.8 %, the groundwater recharge is estimated to be in the 

order of 23.3 mm/yr. 

 
 

Hydrochemistry (2001 to 2013 data) 

Based on available data (2001 to 2013, refer to Appendix D) for Mining Area 1, 2, 4, 5, 8 and 

9, the hydrochemistry is summarised as follows: 

• The groundwater generally exhibits neutral pH conditions; 

• On average the Electrical Conductivity (EC), Total Dissolved Solids (TDS), dissolved 

calcium (Ca), dissolved magnesium (Mg), dissolved sodium (Na), dissolved chloride 

(Cl) and dissolved manganese (Mn) plots above DWAF (1996) ideal water quality 

ranges for potable water use; and 

• On average dissolved sulphate (SO4) and dissolved nitrate (NO3), which are typically 

associated with pollution from South African coal mines (INAP, 2018), generally plot 

well within DWAF (1996) ideal water quality ranges for potable water use. 
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Geochemistry (2012-2018) 

Fifty-six (56) samples from Somkhele have been subjected to geochemical testing (by GCS) 

from 2012 to 2018. Samples were taken during previous geohydrological assessments for 

Area 1, Area 2, Area 8 and 9; and have only recently (since 2017) been taken from active 

mining areas on an annual basis. No geochemical samples were taken during the previous 

(2013) hydrogeological study for Area 4 and 5.  

The geochemical data obtained from the other mining areas are considered a good 

representative of the proposed disposal philosophy; and relate to conditions of the rock that 

will be mined in Area 4 and 5 (similar geology as the other areas). Review of the data 

indicated the following (refer to Section 6 for the detailed geochemical record): 

• Discard and coal are generally Potentially Acid Generating (PAG) ; 

• Tailings (slurry) is generally Not Potentially Acid Generating (non-PAG) ; and 

• Overburden lithologies are generally non-PAG. 

 
Element release rates were calculated for sandstone, shale (overburden), discard and slurry 

(coal waste) from kinetic test results. The kinetic tests did not indicate the formation of acid 

drainage, even though the samples are characterised as PAG. It is likely that the rate of acid 

neutralisation was enough to offset the rate of acid generation during the kinetic tests.  

 
 

Conceptual model, mine decant assessment and mine flooding 

The following supplies a brief overview relating to the conceptual hydrogeological model and 

groundwater assessment undertaken.  

 

Mahujini, Emalahleni and Ophondweni closure philosophy 

The detailed closure philosophy is discussed in Section 7. The closure strategy will involve 

backfilling overburden rock (mixture of sandstone, siltstone, mudstone, shale and dolerite 

rock) into the excavated Mahujini, Emalahleni and Ophondweni pits.  

 

Potential Pollution Sources 

The likely groundwater pollution sources for Mahujini, Emalahleni and Ophondweni are listed 

in the Table 1, below. 
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Table 1 – Summary of potential groundwater pollution sources from operational to closure phase 

Operational / Decommissioning Rehabilitation / Closure / Post-Closure Likely Receivers 

• NO3 leaching into the 

surrounding aquifer from the 

use of explosives; 

• PCDs. 

• Overburden rock dumps 

(consisting of mixtures of 

shale, sandstone, siltstone and 

dolerite); and 

• Oil and fuel spills from mining 

machinery. 

• Overburden material used to 

backfill the Area 4 and 5 pits; and  

• Rehabilitated overburden dump 

areas. 

 

It should be noted that the Mahujini pit 

may be considered for co-disposal of 

coal discard and slurry. This was 

considered in this assessment Please 

refer to Section 7. 

• The local aquifer system; 

• Downstream non-perennial 

streams (all areas); and  

• One (1) hand pump 

discovered near the 

proposed Ophondweni pit 

area (borehole OPBH2 

approx. 140 m from the pit 

high wall) is used for water 

supply (domestic use – as 

indicated by local 

residents). 

 
 

Mine flooding 

Based on the post-closure flooding calculations, for a backfilled pit (refer to Section 7.4): 

• The total rainfall recharge to the Mahujini workings is estimated at 

323 336.4 m³/year. Based on this figure and the pit layout, flooding to decant level 

is estimated at 70 to 80 years. 

• The total rainfall recharge to the Ophondweni workings is estimated at 

94 950 m³/year. Based on this figure and the pit layout, flooding to decant level is 

estimated at 100 to 110 years. 

• The total rainfall recharge to the Emalahleni workings is estimated at 

90 898.8 m³/year. Based on this figure and the pit layout, flooding to decant level is 

estimated at 90 to 100 years. 
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Decant assessment 

Table 2 below summarises the anticipated decant elevations and qualities for each of the 

proposed mining areas (refer to Section 7.5): 

 
Table 2: Summary of anticipated decant elevations, decant quality and quantity 

Opencast Area Anticipated Decant 
Elevation (mamsl) 

Estimated Decant 
Quantity (m³/day) 

Estimated Decant 
Quality (TDS in mg/l) 

Probability 

Pit Mahujini 110 to 111 180 to 400 300 - 900 Low 

Pit Emalahleni 88 to 90 180 to 350 300 - 900 High 

Pit Ophondweni 89 to 90 90 to 250 300 - 900 High 

 
 

Numerical groundwater model 

The key aspects relating to the numerical groundwater flow and transport model outputs and 

model confidence are summarised below. Details on the model assumptions, uncertainties, 

calibration process, model time and model code used are presented in Chapter 8. 

 

Calibrated flow model outputs 

From the calibrated models, the following is noted: 

• The groundwater flow model indicates groundwater flow velocities ranging from 0.01 

(min) to 0.13 (max) m/day. The aforementioned suggest very slow-moving 

groundwater in the study area. 

 

Prediction transport model outputs 

The following is noted from the transport models (refer to Section 8.12): 

o Non-mitigation scenario: 

▪ The predicted groundwater sulphate plume in the groundwater 

aquifer at closure remains localised to the Mahujini, Emalahleni and 

Ophondweni opencast workings.  

▪ From the 100Y plumes generated, it is clear that: 
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• Ophondweni: Predominate groundwater plume movement 

is towards the north, west and south. The 250 and 500 mg/l 

sulphate plume contours intercepts the non-perennial 

streams closest to the pit. It is likely that groundwater 

baseflow into the non-perennial streams may have an 

increased salt load.  

• Emalahleni: The groundwater plume spreads radially 

from the pit (in all directions). The 250 and 500 mg/l sulphate 

plume contours intercept the non-perennial streams closest 

to the pit. It is likely that groundwater baseflow into the non-

perennial streams may have an increased salt load. 

• Mahujini: The groundwater plume spreads radially 

from the pit (in all directions). The 250 and 500 mg/l sulphate 

plume contours intercept the non-perennial streams closest 

to the pit. It is likely that groundwater baseflow into the non-

perennial streams may have an increased salt load. 

o Mitigation scenario (capping or liner): 

▪ The predicted groundwater sulphate plume at closure remains 

localised to the Mahujini, Emalahleni and Ophondweni opencast 

workings.   

▪ From the 100Y plumes generated, it is clear that: 

• Ophondweni: The groundwater sulphate plume remains 

localised to the pit. Only the 250 mg/l sulphite plume contour 

intercepts the western non-perennial streams. It is likely that 

groundwater baseflow into the non-perennial streams may 

have an increased salt load. 

• Emalahleni: The groundwater sulphate plume remains 

localised to the pit. Limited plume movement is observed. 

• Mahujini: The groundwater sulphate plume spreads 

radially from the pit (in all directions) but remains localised 

to the mine workings. A definite decrease in the spatial 

spread of the plume is observed when compared to the non-

mitigation scenario. It is likely that groundwater baseflow 

into the nearby non-perennial streams may have an increased 

salt load. 
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o From the scenarios simulated, it is clear that reduced infiltration through 

provision of capping decreases the spatial spread of the plume over time. 

Hence, mitigation should focus on reducing infiltration into the backfilled and 

rehabilitated pits.  

 

Prediction dewatering model outputs 

• The following is noted for the dewatering model (refer to Section 8.12): 

o Ophondweni: The dewatering Zone of Influence (ZOI) remains localised to 

the local mining area. It is likely that some of the non-perennial streams, 

particularly the ones closest to the pit and inside the ZOI, may show reduced 

flow during winter months. Aquifer drawdown at borehole OPBH2 (a borehole 

reportedly used for domestic water supply) is highly unlikely. 

o Emalahleni: The dewatering ZOI remains localised to the local mining 

area. It is likely that some of the non-perennial streams, particularly ones 

closest to the pit and inside the ZOI, may show reduced flow during winter 

months. No existing groundwater users have been recorded within the 

dewatering ZOI. 

o Mahujini: The dewatering ZOI extends over a large area, due to the 

size of the proposed opencast workings. It is likely that some of the non-

perennial streams, particularly ones closest to the pit and inside the ZOI, may 

show reduced flow during winter months. The dewatering ZOI does not 

intercept any perennial stream, and reduced baseflow to the aforementioned 

is highly unlikely. No groundwater users have been recorded in the dewatering 

ZOI. 

 
 

Aquifer dewatering / Impact on local streams 

The SAM can be described as a dry mine, with little to no groundwater seepage observed on 

exposed high walls or footwall areas of existing mine workings. No groundwater ingress data 

is available and groundwater seepage into the existing opencast pits (Area 1, 2, 8 and 9) is 

only noted during high precipitation events.  

Available information indicates that there may be a small drawdown in the surrounding 

groundwater aquifer, caused by mining. However, the drawdown seems to be more closely 

related to seasonal groundwater fluctuations. It is anticipated that there may be some 

reduced baseflow to the ephemeral streams in the area if mining commences. 
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Model confidence 

According to Guiding Principle 2.3 and 2.4 in the Australian groundwater modelling guidelines 

(Barnett et al., 2012), the degree of confidence of the groundwater flow and transport model 

was evaluated as follows:  

• The flow model is assigned a Class 2 confidence level due to the numerous 

groundwater head boreholes available for calibration.  

• Class 2 models are suitable for assessing higher risk developments in higher-value 

aquifers (i.e. major aquifer for groundwater supply or an aquifer that is highly 

susceptible to pollution). 

 

Concluding remarks with regards to the model 

With regards to the model update, the following conclusions can be made: 

• The steady-state model was successfully converted into a transient state, and the 

model was successfully calibrated against monitoring and hydrocensus groundwater 

level data.  

• Groundwater level data for 132 observation points within the Somkhele region (for all 

mining areas – old and new data) were successfully applied.  

• A calibration with a correlation between 0.91 to 0.93 ( 9 to 10 % - Root Mean Squared 

/ Normalised Distribution [RMS]) was achieved for the flow models. A model calibrated 

to RMS ranging from < 10 to 15% is generally regarded as acceptable (Tiedeman and 

Hills, 2005). 

• It is fair to conclude that all data made available for this investigation has successfully 

been incorporated into the model. The model is thus  regarded as a true 

representation of the actual aquifer conditions, and the likely ZOI for the Mahujini, 

Emalahleni and Ophondweni pits is successfully simulated and presented in this 

report. 

• The following parameters were observed to be sensitive (refer to Section 8.10.2): 

o Vertical hydraulic conductivity on the x and z-axis for layer 1 to 3; and 

o Groundwater recharge (par001). 
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Groundwater risk and management 

As part of the geohydrological update for the Mahujini, Emalahleni and Ophondweni areas, 

the likely groundwater related risks at the SAM were updated. Subsequently, mitigation 

measures which may improve groundwater quality during and after mine closure were 

formulated. The updated groundwater risks and mitigation measures are available in 

Appendix C. 

Based on available geochemical data, Acid Drainage (AD) and Neutral Drainage (ND) are likely 

to be associated with exposed overburden rock (specifically shale) and coal discard. An Acid 

Mine Drainage (AMD) management and mitigation plan, as well as preliminary water 

treatment options are presented in Chapter 10. 

 

Recommendations 

The following recommendations are made: 

• A geophysical assessment of the mining areas should be undertaken as soon as the 

areas are cleared for mining. It is important to map preferential groundwater flow 

paths towards the receiving environment and to update the groundwater risk 

assessment. Subsequently, dedicated groundwater monitoring boreholes should be 

drilled in these preferential flow path areas in order to update and improve the 

proposed monitoring network . 

• At least two (2) constant rate pump tests should be undertaken (once off) as part of 

the monitoring programme, to update aquifer hydraulic parameters and the site 

conceptual models.  

• Include the Area 4 and 5 pits into the geochemical monitoring programme, once 

mining starts.  

o The data will be used to update the geochemical model annually on the basis 

of results from ongoing groundwater monitoring.  

o Updating the geochemical model will help to verify sources terms (sources of 

the risks) which are used as input parameters to the numerical groundwater 

model. 

• Update the numerical groundwater flow and transport model annually to: 

o Track the sulphate plume movement into the surrounding aquifer; 

o Track preferential flow paths and changes to groundwater flow;  

o Ensure no monitoring network gaps exist (i.e. check if the monitoring network 

is representative of the site); and 
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o Update the numerical groundwater model annually. 

• Continue with quarterly groundwater quality and groundwater level monitoring 

during the operational phase of Mahujini, Emalahleni and Ophondweni; and, within 

two to four years following the decommissioning phase, to establish post-closure 

groundwater level and quality trends. 

o The monitoring information must be used to update, verify and re-calibrate 

the predictive tools used during the study to increase the confidence in the 

closure objectives and management plans.  

o The numerical model platforms can be updated on an annual basis to confirm 

groundwater and pollution transport movement into the environment. 

o Once the model is updated the groundwater monitoring plan and mine water 

treatment plans can be updated. 

 

 



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page xix 

CONTENTS PAGE 

1 INTRODUCTION ........................................................................................................................ 23 

1.1 BACKGROUND ............................................................................................................................. 23 
1.2 OBJECTIVES ................................................................................................................................ 23 
1.3 APPROACH ................................................................................................................................. 24 
1.4 SCOPE OF WORK ......................................................................................................................... 24 
1.5 AVAILABLE INFORMATION .............................................................................................................. 25 
1.6 STUDY LIMITATIONS ..................................................................................................................... 26 

2 GEOGRAPHICAL SETTING .......................................................................................................... 27 

2.1 REGIONAL SETTING, TOPOGRAPHY AND CLIMATE ................................................................................ 27 
2.2 GEOLOGICAL SETTING ................................................................................................................... 27 

2.2.1 Local stratigraphy and coal seams ................................................................................. 27 
2.2.2 Structural geology ........................................................................................................... 28 

2.3 MINING OPERATIONS ................................................................................................................... 28 

3 FIELD INVESTIGATION............................................................................................................... 32 

3.1 HYDROCENSUS ............................................................................................................................ 32 
3.2 AQUIFER TESTING ........................................................................................................................ 32 

4 AQUIFER CHARACTERISTICS ..................................................................................................... 35 

4.1 PREFERENTIAL FLOW PATHS ........................................................................................................... 36 
4.2 PRIMARY GROUNDWATER OCCURRENCE ........................................................................................... 36 
4.3 GROUNDWATER LEVELS ................................................................................................................ 37 
4.4 AQUIFER YIELD ............................................................................................................................ 38 
4.5 AQUIFER HYDRAULICS AND AQUIFER TESTING .................................................................................... 38 
4.6 AQUIFER STORAGE/STORATIVITY ..................................................................................................... 39 
4.7 GROUNDWATER RECHARGE ........................................................................................................... 40 
4.8 AQUIFER CLASSIFICATION .............................................................................................................. 40 

5 HYDROCHEMISTRY ................................................................................................................... 41 

6 GEOCHEMICAL TEST WORK ...................................................................................................... 43 

6.1 ACID POTENTIAL .......................................................................................................................... 45 
6.2 MINERALOGY .............................................................................................................................. 46 
6.3 STATIC LEACH TESTING .................................................................................................................. 48 
6.4 KINETIC LEACH TESTING ................................................................................................................. 50 

7 CONCEPTUAL HYDROGEOLOGICAL MODEL............................................................................... 52 

7.1 CLOSURE PHILOSOPHY .................................................................................................................. 52 
7.2 POTENTIAL GROUNDWATER POLLUTION SOURCES ............................................................................... 52 

7.2.1 Receivers in the local area .............................................................................................. 53 
7.3 AQUIFER DEWATERING/IMPACT ON LOCAL STREAMS ........................................................................... 53 
7.4 MINE FLOODING .......................................................................................................................... 54 
7.5 DECANT ASSESSMENT ................................................................................................................... 57 

7.5.1 Probability of decant ....................................................................................................... 57 
7.5.2 Decant quantity and quality ........................................................................................... 58 

8 NUMERICAL GROUNDWATER MODEL ...................................................................................... 62 

8.1 OBJECTIVE OF THE MODEL ............................................................................................................. 62 
8.2 MODEL PROCESS ......................................................................................................................... 63 
8.3 MODEL CALIBRATION AND OUTPUT VISUALIZATION PROCESS ................................................................ 63 
8.4 ASSUMPTIONS AND LIMITATIONS .................................................................................................... 64 
8.5 MODEL CONFIDENCE LEVEL CLASSIFICATION ...................................................................................... 65 
8.6 MODEL SOFTWARE PACKAGE.......................................................................................................... 65 

8.6.1 Flow and transport engine .............................................................................................. 65 
8.6.2 Governing equations ....................................................................................................... 66 



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page xx 

8.7 MODEL GRID .............................................................................................................................. 66 
8.7.1 Construction of the finite difference grid ........................................................................ 66 
8.7.2 Boundary conditions ....................................................................................................... 67 
8.7.3 Vertical discretisation ..................................................................................................... 68 

8.8 TIME DISCRETISATION ................................................................................................................... 69 
8.8.1 Model simulation time .................................................................................................... 69 

8.9 INPUT PARAMETERS / INITIAL MODEL CONDITIONS .............................................................................. 70 
8.10 MODEL CALIBRATION ................................................................................................................... 72 

8.10.1 Calibration targets .......................................................................................................... 72 
8.10.2 Model sensitivity ............................................................................................................. 73 

8.11 CALIBRATED FLOW MODEL ............................................................................................................. 76 
8.12 SCENARIO MODELLING .................................................................................................................. 76 

8.12.1 Scenario 1 - Base Case / No Mitigation........................................................................... 76 
8.12.2 Scenario 2 - Mitigation ................................................................................................... 77 
8.12.3 Dewatering model .......................................................................................................... 77 

9 CONCLUDING REMARKS ........................................................................................................... 82 

10 GROUNDWATER RISK AND MANAGEMENT .............................................................................. 85 

10.1 ACID DRAINAGE .......................................................................................................................... 85 
10.2 GROUNDWATER AND ACID DRAINAGE MANAGEMENT PLAN .................................................................. 86 

10.2.1 General management Measures .................................................................................... 86 
10.2.2 Site specific Measures ..................................................................................................... 87 
10.2.3 Monitoring ...................................................................................................................... 87 
10.2.4 Proposed groundwater monitoring points ...................................................................... 87 

10.3 TREATMENT OPTIONS ................................................................................................................... 90 
10.3.1 Active water treatment ................................................................................................... 90 
10.3.2 Semi-passive water treatment ........................................................................................ 91 
10.3.3 Site specific Measures ..................................................................................................... 92 

11 RECOMMENDATIONS ............................................................................................................... 94 

12 REFERENCES ............................................................................................................................. 95 

 

 

LIST OF FIGURES 

Figure 2-1: SAM – Regional setting and local geology ............................................. 29 
Figure 2-2: SAM – Typical local stratigraphy (Area 8 and 9 cross section) .................... 30 
Figure 2-3: SAM – Area 4 and 5 coal seams ......................................................... 31 
Figure 3-1: SAM – Hydrocensus boreholes identified near the Mahujini, Emalahleni and 
Ophondweni areas in 2013 and 2019 ................................................................... 34 
Figure 4-1: Conceptualisation of the study area aquifer zones ................................. 36 
Figure 4-2: Borehole water strike depths ........................................................... 37 
Figure 4-3: Mahujini, Emalahleni and Ophondweni – Groundwater elevation vs 
topographic elevation .................................................................................... 38 
Figure 5-1: SAM – Pre-mining water quality piper plot ........................................... 42 
Figure 6-1: Summary of NP/AP vs. %S for Somkhele samples (2012 to 2018 data) .......... 45 
Figure 6-2: Summary of NAG pH vs. %S for Somkhele samples (2012 to 2018 data) ......... 46 
Figure 6-3: Comparison of initial vs. long-term sulphate release rates ....................... 51 
Figure 7-1: SAM – Groundwater level trends in Areas 2, 8 and 9 (2008 to 2018)............. 54 
Figure 7-2: Mahujini – Stage curve ................................................................... 56 
Figure 7-3: Ophondweni – Stage curve .............................................................. 56 
Figure 7-4: Emalahleni – Stage curve ................................................................ 57 
Figure 7-5: Concept of decant from backfilled pits ............................................... 58 
Figure 7-6: SAM – Mahujini area ...................................................................... 59 
Figure 7-7: SAM - Emalahleni area ................................................................... 60 



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page xxi 

Figure 7-8: SAM – Ophondweni area.................................................................. 61 
Figure 8-1: Modelling Approach....................................................................... 63 
Figure 8-2: Model zones ................................................................................ 69 
Figure 8-3: Hydraulic conductivities for predominantly occurring hydrogeology in the 
study area (2008 to 2019 data) ......................................................................... 71 
Figure 8-4: Flow model – Steady state calibration achieved .................................... 72 
Figure 8-5: Flow model – Transient state calibration achieved (year 2019) .................. 73 
Figure 8-6: PEST Sensitivity Analysis - Histogram ................................................. 74 
Figure 8-7: PEST Sensitivity Analysis - Jacobian Iteration Sensitivity .......................... 75 
Figure 8-8: Calibrated flow model ................................................................... 78 
Figure 8-9: Modelled sulphate plume extent – no mitigation (100Y Plume) .................. 79 
Figure 8-10: Modelled sulphate plume extent – mitigation applied (100Y Plume) ......... 80 
Figure 8-11: Estimated aquifer drawdown at LOM ............................................... 81 
Figure 10-1: Proposed preliminary groundwater monitoring programme .................... 89 
Figure 10-2: Limestone diversion well (from IMWA, 2018) ..................................... 92 
Figure 10-3: Artificial wetland concept ............................................................ 92 
Figure 10-4: Artificial wetland water treatment system - concept ........................... 93 

 

 

LIST OF TABLES 

Table 3-1: Summary of water levels and chemical properties of field boreholes identified 
in the Mahujini, Emalahleni and Ophondweni areas ................................................ 33 
Table 4-1: Aquifer test results for all tests (2008 to 2019) ..................................... 39 
Table 5-1: Pre-mining water quality (2001-2013 data) .......................................... 42 
Table 6-1: Summary of geochemical testing on samples at Somkhele (2012-2018) ........ 44 
Table 6-2: Average mineral content for rock mined / produced by coal processing ....... 47 
Table 6-3: Summary of available minerals identified via XRD data (wt%) ................... 47 
Table 6-4: Concentrations of elements based on  leach test data (1:4) for overburden and 
coal wastes  ............................................................................................... 49 
Table 6-5: Summary of sulphate release rates for Somkhele material ....................... 51 
Table 7-1: Anticipated decant quantities and qualities ......................................... 58 
Table 8-1: Summary of the TWQR as per the DWAF 1996 and SANS 241-1: 2015 guideline 
documents for SO4 (mg/l) ............................................................................... 64 
Table 8-2: Model and real-world boundaries ...................................................... 68 
Table 8-3: Model simulation time ................................................................... 69 
Table 8-4: Initial parameters to the flow model ................................................. 71 
Table 10-1: AMD prevention methods based on a control objective (adapted from 
Kuyucak, 2012)  ............................................................................................ 86 
Table 10-2: Preliminary groundwater monitoring ............................................... 88 

 

 

LIST OF APPENDICES 

APPENDIX A: AQUIFER TEST RESULTS ......................................................................................... 98 

APPENDIX B: MODEL GRID ....................................................................................................... 101 

APPENDIX C: RISK ASSESSMENT UPDATE.................................................................................. 102 

APPENDIX D: AMBIENT WATER QUALITY DATA (2001 AND 2014 STUDIES) ............................... 106 

 

file:///D:/02%20GCS/My%20Projects/Active/18-1058%20Petmin%20Geohydro%20for%20Area%204%20and%205/01%20Working%20Documents/03%20Reports/Final%20R2/Area4&5%20Geohydro%20GCSReport18-1058_Feb19_FR1.docx%23_Toc2591289


Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page xxii 

DISCLAIMER 

The opinions expressed in this Report have been based on the information supplied to GCS 

Water and Environment (Pty) Ltd by Tendele Coal (Pty) Ltd - Somkhele Anthracite Mine, and 

information obtained through the course of this investigation. The opinions in this Report are 

provided in response to a specific request from the Tendele Coal (Pty) Ltd to do so.  

GCS has exercised all due care in reviewing supplied information and interpreting new 

hydrogeological information. GCS does not accept responsibility for any errors or omissions 

in the information supplied by Tendele Coal (Pty) Ltd and does not accept any consequential 

liability arising from commercial decisions or actions resulting from them.  

Opinions presented in this report, apply to the site conditions and features as they existed at 

the time of GCS’s investigations, and those reasonably foreseeable. These opinions do not 

necessarily apply to conditions and features that may arise after the date of this Report, 

about which GCS had no prior knowledge nor had the opportunity to evaluate. 
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1 INTRODUCTION 

GCS (Pty) Ltd (GCS) was appointed by Tendele Coal Mining (Pty) Ltd (Tendele) to undertake a 

hydrogeological investigation for the Mahujini, Emalahleni and Ophondweni opencast areas 

(also referred to as Somkhele Area 4 and 5), at the Somkhele Anthracite Mine (SAM) situated 

near Somkhele, KwaZulu-Natal Province. 

 

1.1 Background 

This study serves a follow-up hydrogeological investigation for Area 4 and 5, which was 

completed in 2014 by GCS. The mining pit layouts, overburden stockpile areas and haul road 

plans were still in concept stage in 2014 and the hydrogeological data is outdated. The study 

aims to update and summarise the hydrogeological environment, risk and impacts associated 

with the Area 4 and 5 opencast pits during the operational, closure and post-closure phases.  

 

1.2 Objectives 

The objective of the study is to: 

• Review existing hydrogeology, hydrochemistry and geochemical information for the 

SAM, and update information for Mahujini, Emalahleni and Ophondweni by undertaking 

a field investigation (including an updated hydrocensus); 

• Update the site conceptual hydrogeological and geological model; 

• Update the geohydrological numerical flow and transport model, specifically for 

various closure scenarios for Mahujini, Emalahleni and Ophondweni; 

• Verify and update the groundwater risk assessment for the operational and closure 

phases for Mahujini, Emalahleni and Ophondweni; 

• Assess potential treatment options to process poor quality seepage; and 

• Present findings in an understandable and presentable format so that it can be used 

for decision-making purposes. 
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1.3 Approach 

The study followed a logical and holistic approach, whereby all existing and new 

hydrogeological data for the site was assessed. The aim was to update the previous 

groundwater risk assessment. 

The Department of Water Affairs and Forestry (DWAF) (2008), Best Practice Guidelines for 

Impact Prediction (G4), was considered to define and update the three basic components of 

hydrogeological risk, i.e. the source of the risk (source term), the pathway along which the 

risk propagates (pathway), and finally the target that experiences the risk (receptor).  

Subsequently, the groundwater model was updated to illustrate the conceptual understanding 

of the groundwater flow system. Groundwater modelling is an efficient tool for groundwater 

management and remediation. Models are a simplification of reality to investigate certain 

phenomena or to predict future behaviour. The challenge is to simplify the reality in a way 

that does not adversely influence the accuracy and ability of the model output to meet the 

intended objectives. In terms of quality control, the Australian Groundwater Modelling 

Guidelines (Barnett et al., 2012) were considered to ensure that the numerical model adheres 

to international norms and standards. 

 

1.4 Scope of Work 

The following scope of work was completed: 

1. Desktop study: 

a. Existing water quality and quantity data for the study area was reviewed and 

extrapolated to new mining areas, where available. 

b. Existing groundwater, engineering, hydrology, geochemistry and conceptual 

designs were reviewed to adopt similar closure objectives for mining Area 4 

and Area 5. 

c. Subsequently, data was assimilated for the numerical application. 

2. Fieldwork (January 2019): 

a. An updated hydrocensus was completed to update groundwater quality and 

water level data for the Mahujini, Emalahleni and Ophondweni areas ; 

b. Several slug tests were conducted on suitable boreholes to update hydraulic 

parameters; and 

c. Hydrochemical sampling of selected hydrocensus boreholes was conducted. 

3. Hydrogeological, Geochemical and Geological Conceptual model (update) 

a. The hydrogeological, geochemical and geological conceptual models were 

updated with new data, and the following risks were assessed: 
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i. Dewatering of the aquifer due to pit expansion; 

ii. Flooding potential and risk of decant;  

iii. Preferential groundwater flow paths; and 

iv. Point sources (i.e. backfilled voids or rock dumps) 

4. Objective Groundwater Numerical Modelling: 

a. The existing numerical model grid was refined and calibrated to a pre-mining 

steady state scenario with all the available data gathered.  

i. The steady-state model was applied in transient state mode to enable 

scenario modelling. 

b. The following model scenarios were simulated: 

i. Likely aquifer drawdown. 

ii. The temporal and spatial extent of the likely pollution plume 

produced if backfilling with overburden material, was modelled. 

iii. A mitigation and non-mitigation scenario was assessed.  

iv. The following extents were modelled: 

1. Closure phase; and 

2. 100Y plumes, post-closure. 

5. Reporting: 

a. Write-up of all technical data and model scenarios; and 

b. Risk assessment and mitigation options. 

 

1.5 Available information 

The following sources supply an overview of the available information reviewed for this 

assessment: 

• Site-specific specialist reports: 

o Tendele Area 8 - Hydrogeological Study (GCS, 2008). 

o Area 1 - Groundwater Report (GCS, 2006). 

o Numerical Groundwater Model for Pit BDE: In-Pit Disposal (GCS Memo) (GCS, 

2016a). 

o Motivation Report for In-Pit Disposal of Coal Waste Material for Somkhele 

Mining Area 2 (GCS, 2016b). 

o Area 2 - Current status and source term evaluation (GCS Memo) (GCS, 2016c). 



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page 26 

o Preliminary Geochemical Assessment for the proposed Co-Disposal project for 

Somkhele Anthracite Mine (GCS, 2016d). 

o Somkhele Mine Water Monitoring reports (2006-2018). 

o Somkhele Anthracite Mine -Pit Backfill Source Terms Estimates (GCS, 2018a). 

o Somkhele coal waste material properties report (Inqubeko, 2018). 

o Hydrogeological Assessment For the Proposed Somkhele Mine Expansion Areas 

(GCS, 2014). 

• Groundwater Resource Information Project (GRIP, 2016) and National Groundwater 

Database Archives (NGA, 2018) borehole data. 

• 2730 Vryheid – 1:500 000 Hydrogeological map series (King et al., 1998). 

• 27 ½ 32 St. Lucia – 1:250 000 Geological map series (DMEA, 1998). 

• Literature on similar geology and hydrogeology: 

o The relationship between South African geology and geohydrology (Lourens, 

2013). 

o Aquifer Classification of South Africa (DWA, 2012). 

o A South African Aquifer System Management Classification (Parsons, 1995). 

 
 

1.6 Study limitations 

Data from previous studies conducted by GCS was extrapolated to the new mining areas. The 

following study limitations are recognised: 

1. Geophysical investigation will be undertaken in the Mahujini, Emalahleni and 

Ophondweni areas when mining starts. Hence, no geophysical data is yet available. 
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2 GEOGRAPHICAL SETTING 

The following section supplies a brief overview of the regional setting, topography, climate 

and geological occurrences in the project area. The information in this section was obtained 

from public domain data and was further refined by specialist studies undertaken by GCS for 

the SAM. 

 

2.1 Regional setting, topography and climate 

The SAM is located approximately 17 km northeast of Mtubatuba, near Mpukunyoni and 

Somkhele, in the KwaZulu-Natal Province (refer to Figure 2-1). 

The area is generally hilly with undulating topography. Somkhele lies in a part of Zululand 

where it is relatively flat with low rolling hills and complex assemblages of moderately steep- 

to steep-sided valleys interspersed between higher-lying ridges and koppies. The hills have 

typical elevations between 30 m and 260 metres above mean sea level (mamsl). There are a 

number of non-perennial (ephemeral) streams draining the proposed Mahujini, Emalahleni and 

Ophondweni mining areas. 

The Mahujini, Emalahleni and Ophondweni opencast areas all fall within Water Management 

Area (WMA) 6 “Usuthu to Mhlatuze” and is located in quaternary catchment area W32G. The 

site is situated in a sub-tropical climate area which receives rainfall in summer months. The 

Mean Annual Precipitation (MAP) ranges from 750 to 840 mm / annum (average ±845 mm/a) 

and the Mean Annual Evaporation (MAE) ranges from 1 300 to 1 500 mm / annum (S-Pan) for 

the catchment (DWAF, 2006 and WR2012, 2012). 

 

2.2 Geological setting 

The regional geological map (2732 St. Lucia - 1:250 000 Geological Map Series) indicates that 

most of the Mahujini, Emalahleni and Ophondweni areas are underlain by sediments of the 

Emakwezeni Formation (lower Beaufort Group) of the Karoo Supergroup. Dolerite sill and dyke 

structures, fault zones and metamorphic contact zones are known to be associated with the 

area (refer to Figure 2-1). 

 
2.2.1 Local stratigraphy and coal seams 

From the drilling of boreholes in Area 4 and 5 (SAM exploration boreholes) and Area 2, 8 and 

9, the local geology can be inferred. Lithology typically comprises dolerite sills, sandstone, 

siltstone, shale and occurrences of coal. Figure 2-2 shows the general lithology encountered 

in the Somkhele region. 

Available borehole log data was used and a coal floor map was generated (refer to Figure 2-3). 

It can be seen that the coal seam generally follows the same dip direction (approx. 22 to 35 º 

(degrees) towards the southeast. The coal seam thickness varies from 1 to 6 metres (m). 
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2.2.2 Structural geology 

Dolerite dykes within the area tend to follow pre-existing fault planes. These fault planes gave 

rise to vertical displacement of the coal seam. The spatial orientation of the dolerite intrusions 

is difficult to map due to the block faulting in the area. The strike of the dolerite dykes in this 

area are both parallel and perpendicular to the direction of groundwater flow and therefore 

act as no-flow and preferential flow boundaries.  

 

2.3 Mining operations 

Somkhele is a typical opencast mine, which involves a type of strip mining procedure in which 

the ore deposits extend very deep into the ground in a specific dip direction, necessitating 

the removal of layer upon layer of overburden and ore. Because open-pit mining is employed 

for ore deposits at a substantial depth underground, it usually involves the creation of a pit 

that extends below the pre-mining groundwater table.  

Due to the limited coal reserves remaining in the existing mining areas, SAM proposes to start 

mining in Mahujini, Emalahleni and Ophondweni by mid-2019. Mining is anticipated to carry 

on into the year 2023. In terms of pit closure, the mine wishes to adopt a similar disposal 

philosophy, as will be implemented in Mining Area 8. This will entail in-pit disposal of 

overburden rock (mixtures of sandstone, shale, siltstone, mudstone and dolerite), followed by 

shaping, capping / compaction, sloping and grassing of the rehabilitated sites. 
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Figure 2-1: SAM – Regional setting and local geology 
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Figure 2-2: SAM – Typical local stratigraphy (Area 8 and 9 cross section) 
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Figure 2-3: SAM – Area 4 and 5 coal seams 
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3 FIELD INVESTIGATION 

The following section summarises the field work completed in Area 4 and 5, as part of this 

hydrogeological investigation update. 

 

3.1 Hydrocensus 

GCS undertook a field hydrocensus in 2013 (GCS, 2014) and a follow-up hydrocensus in 

January 2019. Moreover, the GRIP (2016) and NGA (2018) borehole databases indicate that 

there are several groundwater boreholes within a 1 to 2.5km radius of the proposed Mahujini, 

Emalahleni and Ophondweni opencast areas. 

A total of twenty-eight (28) boreholes were identified within the combined Mahujini, 

Emalahleni and Ophondweni areas (only 18 were discovered in 2013). The majority of the 

boreholes discovered are exploration boreholes drilled by SAM; and the remainder are 

boreholes fitted with hand pumps.  

From the hydrocensus conducted, it is clear that water for human consumption and 

agricultural purposes within the proposed mining areas are either obtained from some of the 

ephemeral streams or other water supply systems (i.e. hand pumps or municipal water trucks). 

Table 3-1 lists the field boreholes discovered in the project area. The spatial distribution of 

the boreholes are indicated in Figure 3-1. 

 

3.2 Aquifer testing 

GCS has aquifer test data for several other boreholes situated in Area 1, Area 2, Area 8 and 9 

(2001 to 2018 test data). Moreover, three (3) slug tests were performed during the 2019 field 

hydrocensus on suitable boreholes (namely, SMS008, MMP036 and MMP028) within Area 4 

and 5. The aquifer test results are available in Appendix A, and the analyses is discussed in 

Section 4.5. 

 



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page 33 

Table 3-1: Summary of water levels and chemical properties of field boreholes identified in the Mahujini, Emalahleni and Ophondweni areas 

Site ID 
Latitude (WGS84) 
Decimal Degrees 

Longitude (WGS84) 
Decimal Degrees 

WL (mbch) Collar (m) WL (mbgl) EC (µS/cm) pH 
 

Temp (ºC) TDS (mg/l) Comments 

MAHUJINI AREA 

MMP036 -28.27468 32.0752 18.92 0.21 18.71 3180 8.6 
 

31.6 1590 Clear sample with no smell. Rusty collar. Borehole not equipped and unused. Slug tested. 

HCBH1 -28.27649 32.07217 26.63 0.32 26.31 2080 8.6 
 

26.9 1070 Clear sample with no smell. Rusty collar. Borehole not equipped and unused. 

HCBH2 -28.28287 32.07341 11.38 0.76 10.62      No comment. 

HCBH3 -28.28488 32.06266 21.78 GL 21.78      No comment. 

HCBH4 -28.27618 32.07129 15.57 0.31 15.26      No comment. 

HCBH5 -28.27242 32.0877 23.5 0.22 23.28      No comment. 

MMP028 -28.27942 32.07199 18.69 0.25 18.44      Water has a somewhat H2S smell. Some black matter noted in the sample. Slug tested. 

EMALAHLENI AREA 

SPX148 -28.32 32.10267 11.7 0.4 11.3 N/A 8 
 

28.5 N/A Clear sample with no smell. Rusty collar. Borehole not equipped and unused. 

SMS008 -28.31592 32.10477 18.32 0.29 18.03      Sample has a blackish colour with no smell. Slug tested. 

SPX138 -28.31604 32.10365 12.1 0.31 11.79      No comment. 

SMS009 -28.31511 32.10547 17.73 0.3 17.43      No comment. 

SPX142 -28.31553 32.1059 20.6 0.38 20.22 E 7.1 
 

29.4 E Clear sample with no smell. Rusty collar. Borehole not equipped and unused. 

EMBH2 -28.31381 32.11156 32.34 0.32 32.02 2350 7.1 
 

29.6 1170 Clear sample with no smell. Rusty collar. Borehole not equipped and unused. 

SMD044 -28.31292 32.11089 32.22 0.44 31.78      No comment. 

SMP077 -28.31122 32.11156 33.05 0.22 32.83      No comment. 

EMBH3 -28.30916 32.11242 23.24 0.38 22.86      No comment. 

SPX86 -28.29745 32.13643 12.91 0.57 12.34      No comment. 

OPHONDWENI AREA 

OPBH1 -28.26793 32.15159 14.84 0.21 14.63      No comment. 

OPP21 -28.25301 32.16602 25.42 0.19 25.23      No comment. 

OPBH2 -28.26215 32.15977 N/A N/A       Hand pump 

SP002 -28.26266 32.15631 17.37 0.31 17.06      No comment. 

SP001 -28.26337 32.15678 16.72 0.23 16.49      No comment. 

SPX071 -28.24736 32.14846 27.58 0.32 27.26      No comment. 

GWP053 -28.23977 32.15523 22.59 0.35 22.24      No comment. 

GWP070 -28.23951 32.15476 21.54 0.38 21.16      No comment. 

GWP023 -28.2355 32.16156 18.1 0.3 17.8      No comment. 

GWP049 -28.23873 32.15878 20.07 0.39 19.68      No comment. 

OPP010 -28.27161 32.14958 21.45 0.27 21.18      Good borehole yield and great tasting water 
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Figure 3-1: SAM – Hydrocensus boreholes identified near the Mahujini, Emalahleni and Ophondweni areas in 2013 and 2019 
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4 AQUIFER CHARACTERISTICS 

Based on available data, the aquifer occurring in the area can be divided into two (2)distinct 

zones: 

1. Weathered to semi-confined aquifer zone: 

a. The sedimentary rocks of the Emakwezini formation (part of the Beaufort 

Group) form the secondary water-bearing strata in the region. In the 

Emakwezini formation, multi-layered aquifers and aquitards are common. It 

is, however, conceptualised as a single unit with interconnectivity between 

layers, as a worst-case scenario.  

b. On average the saturated thickness of the weathered to semi-confined aquifer 

zone, determined by boreholes drilled at the site, varies from 10 to 24 m. 

However, on a catchment scale, the average weathered thickness is estimated 

to be in the order of 14-30 m (King et al., 1998) 

2. Confined fractured aquifer zone: 

a. The Ecca and Dwyka Formation, which underlies the Emakwezini formation, 

normally has a very low permeability due to its secondary aquifer 

characteristics. The aquifer can be referred to as being primarily fractured 

and acts as an aquitard. Preferential groundwater flow is known to be 

associated with fault or intrusive rock contact zones. 

b. The saturated fractured aquifer thickness for the general area is estimated to 

be in the order of 90 to 100 m (King et al., 1998; and Lourens, 2013). 

 
In general, the aquifer in the study area can be referred to as being predominantly 

intergranular and fractured. These aquifer types generally have very low to medium primary 

hydraulic conductivity and medium to low porosity values due to the secondary nature of the 

aquifer (King et al., 1998). A conceptual drawing of the typical aquifer zones in the study area 

is presented in Figure 4-1. 
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Figure 4-1: Conceptualisation of the study area aquifer zones 
 
 

4.1 Preferential flow paths 

Dolerite intrusions in the form of dykes and sills are common in the Karoo Supergroup and are 

often encountered in the study area. These intrusions can serve as both aquifers and 

aquifuges1. 

Thick un-weathered dykes will inhibit the flow of water, while the baked and cracked contact 

zones can be highly conductive. These conductive zones effectively interconnect the strata of 

the Ecca sediments both vertically and horizontally into a single, but highly heterogeneous 

and anisotropic zone on the scale of typical mining activity. 

Preferential groundwater flow is highly likely to be associated with bedding planes in contact 

with the coal seam as well as along “baked” zones associated with the intrusive dolerite dyke 

and sills in the area. Various dolerite dykes and contact zones have been mapped during the 

course of the open pit mining activities in the area. The strike of the dykes in this area are 

both parallel and perpendicular to the direction of groundwater flow and therefore act as no-

flow and preferential flow boundaries. 

 
 

4.2 Primary groundwater occurrence 

Figure 4-2 plots available water strike data for boreholes drilled within Somkhele Area 2, 8 

and 9 (up to depths of 40 to 100 mbgl) and the lithology in which water strikes were 

encountered. The data represents 1st water strikes intercepted, for 2nd water strikes are rarely 

encountered. 

                                                 
1 Aquifuge: An impermeable body of rock which contains no interconnected openings or interstices and therefore 
neither absorbs nor transmits water. 
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It can be seen that water strike depths are not consistent in the area and occurs within/along 

various predominantly occurring geology types and contact zones. On average, a water strike 

is expected between 27 to 35 mbgl for interbedded sandstone, siltstone, shale and coal layers. 

The water strike associated with intrusive rock varies from 11 to 35 mbgl. Available data 

suggest a non-uniform and complex aquifer system. 

According to available field data and supporting literature for the region (King et al., 1998), 

groundwater is typically encountered in/along: 

• Dolerite dyke and sill contacts with host rock; 

• Contact zones between lithologies or unconformities; and 

• Faults and associated fracture zones.  

 

 
Figure 4-2: Borehole water strike depths 
 
 

4.3 Groundwater levels 

A number of groundwater levels have previously been recorded at hydrocensus boreholes 

identified in the area (GCS, 2014). Updates to the previously recorded groundwater levels 

were measured during the follow-up hydrocensus undertaken (January 2019) as part of this 

investigation. The groundwater levels observed are summarised as follows: 

• Mahujini: ranges from 10 to 26 mbgl; 

• Emalahleni: ranges from 11 to 32 mbgl; and 

• Ophondweni: ranges from 17 to 25 mbgl. 
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Figure 4-3 plots the groundwater elevation vs topographic elevation for hydrocensus boreholes 

situated within Area 4 and 5. Water level data for the 2013 and 2019 hydrocensus events are 

compared. It can be seen that there is a good linear relationship (R ≈0.85 ) between 

topographic and groundwater elevations for both 2013 and 2019 data. The data suggest that 

the groundwater table mimics the topography, and that groundwater levels have not changed 

substantially since the original hydrocensus was carried out in 2013. 

 

 
Figure 4-3: Mahujini, Emalahleni and Ophondweni – Groundwater elevation vs 
topographic elevation 
 
 

4.4 Aquifer yield 

Boreholes drilled in the Somkhele region rarely exhibit a detectable blow yield. Literature 

suggest that the aquifer unit underlying the proposed Mahujini, Emalahleni and Ophondweni 

opencast areas can be considered a low-yielding aquifer which will yield in the order of 0.1 l/s 

to 0.5 l/s (King et al., 1998). 

 

4.5 Aquifer hydraulics and aquifer testing 

Constant rate pump tests have been performed on several boreholes (24 boreholes) situated 

in the study area. Moreover, slug tests were performed on three (3) hydrocensus boreholes 

during the 2019 follow-up investigation in the proposed mining areas (refer to Appendix A). 

Available hydraulic conductivity data boreholes testing in Mining Area 4 and 5 at the Somkhele 

Anthracite Mining Area is listed in Table 4-1. 

The aquifer has small T values (ranging from 0.0.5 to 9 m²/day, geometric average 

0.58 m²/day). Hence, groundwater flow throughout the saturated aquifer zones is slow. It is 

anticipated that T values will be greater along high weathered dolerite dykes or contact zones. 
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Table 4-1: Aquifer test results for all tests (2008 to 2019) 

BH T-value (m²/d) BH Depth (m) Predominate Geology K 10m Aquifer Zone (m/d) 

GC-BH1 0.17 50.00 Dolerite 0.017 

GC-BH3 0.24 50.00 Dolerite 0.024 

SM8 0.25 40.00 Dolerite 0.025 

SM9 2.70 40.00 Mudstone 0.270 

SM6 4.00 60.00 Sandstone 0.400 

SBH3 0.27 62.00 Sandstone 0.027 

SBH5 3.92 80.00 Sandstone 0.392 

GC-BH2 0.15 50.00 Sandstone 0.015 

SM1 0.25 60.00 Sandstone and Shale 0.025 

SM4 0.70 60.00 Sandstone and Shale 0.070 

SM7 0.10 60.00 Sandstone and Shale 0.010 

SBH1 7.76 61.00 Sandstone and Shale 0.776 

SBH2 0.65 41.00 Sandstone and Shale 0.065 

SBH4 0.23 40.00 Sandstone and Shale 0.023 

GWP011 0.35 56.73 Sandstone and Shale 0.035 

GWP055 0.55 52.44 Sandstone and Shale 0.055 

GWP028 9.17 19.21 Sandstone and Shale 0.917 

GWP023 0.49 44.65 Sandstone and Shale 0.049 

OPP013 0.46 32.00 Sandstone and Shale 0.046 

OPP005 0.05 42.53 Sandstone and Shale 0.005 

QNP016 1.51 23.47 Dolerite 0.151 

SPX143 0.81 22.22 Sandstone and Shale 0.081 

SM2 0.35 60.00 Shale 0.035 

SM3 0.20 60.00 Shale 0.020 

A9.BH2 0.19 60.00 Sandstone and Shale 0.019 

A9.BH3 0.23 60.00 Sandstone and Shale 0.023 

SMS008 2.80 50.00 Sandstone and Shale 0.280 

MMP036 1.70 50.00 Sandstone and Shale 0.170 

MMP028 1.32 50.00 Sandstone and Shale 0.132 

Minimum 0.05 

 

0.01 

Maximum 9.17 0.92 

Average 1.43 0.14 

 
 

4.6 Aquifer storage/storativity 

According to King et al. (1998) and DWAF (2006), the aquifer storage/storage coefficient is in 

the order of magnitude of < 3.1 x 10-3 (unitless). The porosity of the aquifer is expected to 

range from 15 to 20 %. Literature data suggest that aquifer storage coefficients range from 

5 to 10%. 
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4.7 Groundwater recharge 

Recharge is defined as the process by which water is added from outside to the zone of 

saturation of an aquifer, either directly into a formation, or indirectly by way of another 

formation. The effective rainfall-recharge is dependent on catchment geology, soils and 

surface run-off and stream morphology. Literature suggests recharge for the study area in the 

order of 3.5 to 4.5 % (King et al., 1998; DWAF, 2006) of the MAP, and will vary depending on 

changes in annual rainfall.  

The groundwater recharge (R) for the area was also calculated using the chloride method 

(Bredenkamp et al., 1995) and is expressed as a percentage of the MAP. The method is based 

on the following equation: 

 

𝑹 =  
𝑪𝒉𝒍𝒐𝒓𝒊𝒅𝒆 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒊𝒏 𝒓𝒂𝒊𝒏𝒇𝒂𝒍𝒍

𝑪𝒉𝒍𝒐𝒓𝒊𝒅𝒆 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒊𝒏 𝒈𝒓𝒐𝒖𝒏𝒅 𝒘𝒂𝒕𝒆𝒓
 𝒙 𝟏𝟎𝟎   Equation 1 

 
The average chloride (Cl) in rainfall for areas located within 150-200 km from the coast is 

approximately 2.5 to 3.9 mg/l. Based on available Cl concentration data the recharge is 

calculated as follows: 

 

𝑹(𝒂𝒗𝒆𝒓𝒂𝒈𝒆) =  
𝟒.𝟐 𝒎𝒈/𝒍

𝟏𝟓𝟎 𝒎𝒈/𝒍
 𝒙 𝟏𝟎𝟎 = 𝟐. 𝟖 %     Equation 2 

 
Groundwater recharge, calculated using the Cl method, gives rainfall recharge figures varying 

between as high as 3.6 % and as low as 2.2 %. Using 2.8 %, the groundwater recharge is 

estimated to be in the order of 23.3 mm/yr. 

 

4.8 Aquifer classification 

The aquifer present can be classified as a Minor Aquifer system (Parsons, 1995). These systems 

can be fractured or potentially fractured rocks which do not have a high primary permeability 

or other formations of variable permeability. Aquifer extent may be limited and water quality 

variable. Although these aquifers seldom produce large quantities of water, they are 

important for local supplies and in supplying base flow for rivers. 
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5 HYDROCHEMISTRY 

The following section supplies a brief overview of the general hydrochemical conditions for 

the SAM. The aim of this section is to quantify and illustrate the ambient water quality 

conditions anticipated at Mahujini, Emalahleni and Ophondweni. Refer to Appendix D for 

groundwater quality data. 

The pre-mining hydrochemistry ranges are summarised in Table 5-1, below. From the pre-

mining hydrochemistry data reviewed, the following can be said: 

• The groundwater generally exhibits neutral pH conditions. 

• On average the Electrical Conductivity (EC), Total Dissolved Solids (TDS), dissolved 

calcium (Ca), dissolved magnesium (Mg), dissolved sodium (Na), dissolved chloride 

(Cl) and dissolved manganese (Mn) plots above DWAF (1996) ideal water quality 

ranges for potable water use.  

• On average dissolved sulphate (SO4) and dissolved nitrate (NO3), which are 

typically associated with pollution from South African coal mines (INAP, 2018), 

generally plot well within DWAF (1996) ideal Water Quality Ranges (TWQR) for 

domestic water use. 

• A piper diagram for the groundwater hydrochemistry is shown in Figure 5-1. The 

following summarises the piper interpretation: 

o It can be seen that the sample spread plots near the mid-right corner of 

the left; and from the middle towards the right corner of the right ternary 

diagram, respectively. Hence, the majority of the samples plot towards 

the mid-right centre of the rhombus. 

o The data suggest that the ions in the groundwater fluctuate due to 

different geological occurrences which influence chemical weathering of 

the aquifer rock. However, bicarbonate (HCO3
-), sodium (Na+), magnesium 

(Mg2+). Calcium (Ca2+) and chloride (Cl-) appears to be the dominant ions, 

and sulphate (SO4
2-) and potassium (K+) are the lesser ions.  

o The groundwater can be classified as alkali-carbonate dominant as well as 

predominantly saline. The data suggest that groundwater encountered in 

the area is of old age (i.e. have been underground for an extensive period) 

and that significant ion-exchange reactions between the host rock and 

groundwater have taken place. 
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Table 5-1: Pre-mining water quality (2001-2013 data) 

Constituent Quality Range Average 
DWAF (1996) TWQR - 

Domestic Use 

pH 7.57 - 8.09 7.8525 6 - 9 

EC mS/m 176.8 - 630 438.475 0 - 70 

TDS mg/l 1078 - 3666 2433 0 - 450 

Ca mg/l 64.8 - 212 99.925 0 - 32 

Mg mg/l 52.1 - 155 105.6125 0 - 30 

Na mg/l 129 - 436 332 0 - 100 

K mg/l 1.34 - 12.3 5.82375 0 - 50 

MALK mg/l 448 - 844 604.625 ns 

Cl mg/l 217 - 1825 1072.25 0 - 100 

SO4 mg/l 14.7 - 48 35.1625 0 - 200 

NO3-N mg/l 0.14 - 23.5 3.31125 0 - 6 

F mg/l 0.03 - 0.44 0.2275 0 - 1 

Al mg/l <0.01 - 0.03 <0.01 0 - 0.15 

Fe mg/l <0.01 - 0.61 <0.01 0 - 0.1 

Mn mg/l 0.13 - 0.61 0.312 0 - 0.05 

Cu mg/l <0.01 <0.01 0 - 1 

Zn mg/l <0.01 <0.01 0 - 3 

 

 
Figure 5-1: SAM – Pre-mining water quality piper plot 
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6 GEOCHEMICAL TEST WORK 

Fifty-six (56) samples from Somkhele have been subjected to geochemical testing (by GCS) 

from 2012 to 2018. Samples were taken during previous geohydrological assessments for 

Area 1, Area 2, Area 8 and 9; and have only recently (since 2017) been taken from active 

mining areas on an annual basis. No geochemical samples were taken during the previous 

(2013) hydrogeological study for Area 4 and 5. Samples will be taken when mining in Area 4 

and 5 starts, because no mine excavations exists which can be sampled. 

The geochemical data obtained from the other mining areas are considered a good 

representative of the proposed disposal philosophy; and relate to conditions of the rock that 

will be mined in Area 4 and 5 (similar geology as the other areas). Table 6-1 lists geochemical 

sample data available for this assessment. All available geochemical data is summarised in the 

sub-sections, below.  
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Table 6-1: Summary of geochemical testing on samples at Somkhele (2012-2018) 

 
* Green check mark indicates tests undertaken per sample, Red cross marks indicates tests not undertaken per sample 

 
 

Sample ID Rock Type Description XR
D
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ss
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A

NAG NAG
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sis
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1:
4)

Ac
id 

le
ac

h

AIS871 Discard Discard into pit BCDE sample1 1 1 1 1 0 25 weeks 0 0 0 0

AIS872 Discard Discard into pit BCDE sample2 1 1 1 1 0 0 0 0 0 0

AIS873 Product peas product from big s/pile 0 0 0 0 0 0 0 0 0 0

AIS874 Product spiral product plant 2 0 0 0 0 0 0 0 0 0 0

AIS875 Duff prime duff plant 2 0 0 0 0 0 0 0 0 0 0

AIS876 Tailings plant 1 slurry solid 1 1 1 1 0 0 1 0 0 0

AIS877 Tailings plant 2 slurry solid 1 1 1 1 0 0 1 0 0 0

AIS826 Water plant 1 slurry water 0 0 0 0 0 0 0 1 0 0

AIS827 Water plant 2 slurry water 0 0 0 0 0 0 0 1 0 0

AIS828 Water Pit A slurry water 0 0 0 0 0 0 0 1 0 0

AIS 878 Tailings Probably slurry - confirm 0 0 0 0 0 25 weeks 0 0 0 0

AIS 871-878 Tailings + discard Composite 0 0 0 0 0 25 weeks 0 0 0 0

A1 Carbonaceous Shale Carb. Shale A1 Carbonaceous Shale 1 0 1 1 0 0 0 1 1 0

A1 Carbonaceous Sandstone Sandstone A1 Carbonaceous Sandstone 1 0 1 1 0 0 0 1 0 0

A1 Coal Coal A1 Coal 0 0 1 1 0 0 0 0 1 0

A8 Carbonaceous Shale Carb. Shale A8 Carbonaceous Shale 1 0 1 1 0 0 0 1 1 0

A8 Carbonaceous Siltstone Siltstone A8 Carbonaceous Siltstone 0 0 1 1 0 0 0 0 0 0

A8 Sandstone Sandstone A8 Sandstone 1 0 1 1 0 0 0 1 0 0

A9 Carbonaceous Sandstone Sandstone A9 Carbonaceous Sandstone 0 0 1 1 0 20 weeks 0 0 0 0

A9 Sandstone Sandstone A9 Sandstone 1 0 1 1 0 20 weeks 0 1 0 0

A9 Carbonaceous Shale Carb. Shale A9 Carbonaceous Shale 1 0 1 1 0 0 0 1 1 0

A9 Main Seam Coal Coal A9 Main Seam Coal 0 0 1 1 0 20 weeks 0 0 1 0

PIT BDE Discard Discard PIT BDE Discard 0 0 1 1 0 0 0 0 1 0

BUS331 Tailings 1.2 kg Slurry 0 0 0 0 0 15 weeks 0 0 0 0

BUS421 Tailings 1.2 kg Slurry + 10 mg FLOC 0 0 0 0 0 10 weeks 0 0 0 0

BUS511 Discard 1 kg Discard 0 0 0 0 0 15 weeks 0 0 0 0

BUS655 Tailings + discard 826.08 g Discard  +209 g slurry 0 0 0 0 0 15 weeks 0 0 0 0

BUS768 Tailings + discard 826.08 g Discard  +209 g slurry + 10 mg FLOC 0 0 0 0 0 10 weeks 0 0 0 0

BUS899 Tailings + discard 714.28g Discard +343 g Slurry 0 0 0 0 0 15 weeks 0 0 0 0

SOMR1 Sandstone Weathered sandstone; 0 0 1 1 0 0 0 0 1 0

SOMR2 Sandstone Sandstone 0 0 1 1 0 0 0 0 1 0

SOMR3 Shale Shale (marker) 0 0 1 1 0 0 0 0 1 0

SOMR4 Interbedded SSS Interbedded sandstone, siltstone and shale; 0 0 1 1 0 0 0 0 1 0

SOMR5 Shale Shale parting 0 0 1 1 0 0 0 0 1 0

SOMR6 Discard Discard 0 0 1 1 0 0 0 0 1 0

SOMR7 Tailings Slurry 0 0 1 1 0 0 0 0 1 0

SOMR8 Carb. Shale Carbonaceous shale (footwall). 0 0 1 1 0 0 0 0 1 0

GCS 1A Discard Coal discard 0 0 1 1 1 0 0 0 1 1

GCS 1B Discard Coal discard 0 0 1 1 1 0 0 0 1 1

2-Coal slurry Tailings 0 0 1 1 1 0 0 0 1 1

OPD 009 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0

OPD 009 Dolerite Dolerite 0 0 1 1 1 0 0 0 1 0

OPD 009 Coal B3 coal and shale 0 0 1 1 1 0 0 0 1 0

OPD 009 Shale Shale 0 0 1 1 1 0 0 0 1 0

GWD 007 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0

GWD 007 Shale Shale 0 0 1 1 1 0 0 0 1 0

GWD 007 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0

GWD 007 Shale Shale 0 0 1 1 1 0 0 0 1 0

GWD 011 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0

GWD 011 Shale Shale 0 0 1 1 1 0 0 0 1 0

Slurry Tailings Plant 0 0 1 1 1 0 0 0 1 0

Discard Discard Fresh 0 0 1 1 1 0 0 0 1 0

Discard 1 Discard 0 0 1 1 0 0 0 0 0 0

Discard 2 Discard 0 0 1 1 0 0 0 0 0 0

Tailings 1 Tailings 0 0 1 1 0 0 0 0 0 0

Tailings 2 Tailings 0 0 1 1 0 0 0 0 0 0

TOTALS 10 4 42 42 15 0 4 9 29 3Total
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6.1 Acid Potential 

Based on available sample data, the Acid-Base Accounting (ABA) results indicate the following 

(Figure 6-1): 

• Discard and coal are generally Potentially Acid Generating (PAG); 

• Tailings (slurry) is generally Not Potentially Acid Generating (non-PAG) ; and 

• Overburden lithologies are generally non-PAG. 

 
The Net Acid Generation (NAG) results present a different picture of acid potential (Figure 

6-2): 

• The PAG nature of the discard material is confirmed;  

• Tailings (slurry) is revealed to be PAG in the long term; and  

• Overburden lithologies are generally confirmed as non-PAG. 

The ABA results suggest that the neutralisation potential in the tailings (slurry) is enough to 

offset the acid potential. However, the NAG results suggest that not all the neutralisation 

potential is readily available. 

 

 
 
Figure 6-1: Summary of NP/AP vs. %S for Somkhele samples (2012 to 2018 data) 
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Figure 6-2: Summary of NAG pH vs. %S for Somkhele samples (2012 to 2018 data) 
 
 

6.2 Mineralogy 

X-Ray Diffraction (XRD) tests have been conducted on dried coal slurry, discard, sandstone 

and shale (combined number of 10 in total) and to classify the typical minerals associated with 

the rock. Table 6-2 provides a summary of the average mineral content (in wt%) associated 

with rock mined at the SAM. Table 6-3 presents a summary of the XRD data, form laboratory 

testing. The XRD results were used to calculate the initial number of reactants present in the 

backfill. 

Calcite, dolomite and siderite were the only carbonate minerals identified. Pyrite was the 

main sulphide mineral in the rock samples. Potential acid neutralising minerals included 

calcite, dolomite and siderite. 
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Table 6-2: Average mineral content for rock mined / produced by coal processing 
Info Average Mineral Content (wt%) 

Mineral Density (g/cm³) Molar mass (g/mol) Sandstone Shale Discard Slurry 

Calcite 2.71 100.0869 0.00 0.00 1.56 1.90 

Dolomite 2.84 184.4008 0.00 0.00 0.56 0.18 

Graphite 2.26 12.0107 0.00 0.00 50.89 68.91 

Illite 2.61 389.34 0.00 0.00 9.64 3.25 

Greenalite (Chlorite) 2.42 67.448 6.24 3.95 0.00 0.00 

Quartz 2.66 60.08 39.67 50.16 23.90 14.29 

Plagioclase 2.68 270.77 27.06 6.14 0.00 0.00 

Siderite 3.9 115.86 0.00 0.93 0.45 0.09 

Kaolinite 2.63 258.1604 0.00 3.46 5.50 4.61 

Pyrite 5.01 119.98 0.00 0.54 0.98 0.85 

Muscovite 2.83 398.71 11.40 25.16 5.61 4.84 

Microcline 2.56 278.33 15.64 0.00 0.00 0.00 

Magnetite 5.175 231.5326 0.00 0.02 0.96 1.11 

Organic C 1.1 207.252 0.00 9.64 0.00 0.00 

 
Table 6-3: Summary of available minerals identified via XRD data (wt%) 

Sample ID A1 Shale A1 Sandstone A8 Shale A8 Sandstone A9 Sandstone A9 Shale AIS871 AIS872 AIS876 AIS877 

Lithology Shale Sandstone Shale Sandstone Sandstone Shale Discard Discard Slurry Slurry 

Calcite 
      

1.78 1.33 2.55 1.24 

Dolomite 
      

0.74 0.37 
 

0.35 

Graphite 
      

55.48 46.3 73.99 63.82 

Illite 
      

8.33 10.94 
 

6.49 

Chlorite 
 

12.95 4.08 3.58 2.18 7.77 
    

Quartz 32.19 23.83 63.15 46.8 48.38 55.13 21.09 26.7 12.25 16.33 

Plagioclase 
 

19.72 7.59 40.93 20.52 10.83 
    

Siderite 2.8 
     

0.39 0.5 
 

0.18 

Kaolinite 10.38 
     

5.38 5.61 4.64 4.58 

Pyrite 1.63 
     

1.22 0.73 0.8 0.9 

Muscovite 24.03 18.25 25.18 8.69 7.25 26.27 4.81 6.4 4.78 4.9 

Microcline 
 

25.25 
  

21.66 
     

Magnetite 0.05 
     

0.79 1.13 1 1.22 

Organic C 28.91 
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6.3 Static leach testing 

Averages of distilled water leach tests for sixteen (16) samples tested (latest data) is 

summarised in Table 6-4. For the distilled water leach test a water/rock ratio of 1:4 was used 

(250 grams of the material sample were agitated with 1 litre of distilled water for 20 hours). 

The samples were extracted with distilled water like the ASTM D3987 (2006) procedure. The 

average water quality obtained for each rock type was used to calculate the likely initial pore 

water quality. 

The hydrochemistry results are compared to the DWAF (1996) TWQR for domestic use to 

contextualise the results.  

The following is noted: 

• On average, all materials (coal discard, coal slurry, sandstone, shale and discard) 

exhibit neutral pH conditions. 

• On average, TDS ranges from 20 to 110 mg/l. The highest TDS is noted for discard and 

shale material. These material types also have the highest sulphate (SO4) 

concentrations. 

o The data suggest that the shale overburden has a significant SO4 generating 

capacity, followed by the discard material. However, more static leach testing 

needs to be undertaken to confirm this. 

• On average, manganese (Mn) concentrations are above DWAF (1996) TWQR for 

domestic use, for most of the samples. Iron (Fe) is high in the shale and sandstone 

samples. 

• On average, ammonia (NH3) concentration is above DWAF (1996) TWQR for domestic 

use. 

• Arsenic (As) was detected in shale material. 
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Table 6-4: Concentrations of elements based on  leach test data (1:4) for overburden 
and coal wastes 

in mg/l except for pH 
Averages (accept for No. 1 sample) 

DWAF (1996) TWQR - Domestic Use 
Shale Sandstone Coal Discard Dolerite 

No of samples 
averaged 

8 4 2 1 1  

pH (Value) 6.03 6.17 7.37 7.50 7.69 6-9 

Al 0.12 0.09 0.07 0.08 0.04 0 - 0.15 

Alk 8.25 4.32 27.25 38.20   ns 

As 0.03   0.01 0.01   0 - 0.01 

B 0.02   0.01 0.01   ns 

Ba 0.02 0.01 0.03 0.04   ns 

Be 0.02   0.01 0.01   ns 

Ca 6.72 2.30 12.02 11.78 0.87 0 - 32 

Cd 0.01   0.01 0.01   0 - 0.005 

Cl 4.33 2.54 5.00 5.00 9.04 0 - 100 

Co 0.12 0.01 0.01 0.01   ns 

Cr 0.01   0.01 0.01   0 - 0.05 

Cu 0.02   0.02 0.02   0 - 1 

F 0.23   0.11 0.36   0 - 1 

Fe 4.48 0.24 0.06 0.06   0 - 0.1 

K 2.97 5.53 1.47 3.02 2.98 0 - 50 

Mg 4.12 1.37 1.71 4.73 0.32 0 - 30 

Mn 0.26 0.33 0.07 0.06   0 - 0.05 

NH3-N 8.25   3.32 1.52   0 - 1 

NO3-N 0.74 0.11 1.99 0.20 0.14 0 - 6 

Na 7.70 3.70 2.93 8.41 5.87 0 - 100 

Ni 0.16 0.01 0.01 0.01   ns 

P 0.05 0.20 0.05 0.05 0.20 ns 

Pb 0.01   0.01 0.01   0 - 0.01 

SO4 51.93 19.67 14.74 33.56 5.12 0 - 200 

Sr 0.07 0.01 0.36 0.16 0.01 ns 

V 0.01   0.01 0.01   0 - 0.1 

Zn 0.20 0.03 0.01 0.01   0 - 3 

TDS 93.01 39.05 71.30 107.36 24.58 0 - 450 
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6.4 Kinetic leach testing 

Geochemical characterisation results indicate the initial and long-term release rates of 

chemical components from the samples of slurry, discard, sandstone, shale and mixtures under 

dry, oxidising conditions. Initial release rates may be considered “first flush” rates from fresh 

material. 

The data indicate ranges of sulphate release rates of one to two orders of magnitude within 

the same material, refer to Figure 6-3. Table 6-5 lists the condensed sulphate release rates. 

The following is noted, with regards to the release rates: 

• Initial sulphate release rates from discard and slurry samples differ by about 11-17%.  

• Overburden lithology (shale and sandstone samples) have very low sulphate release 

rates (approx. 60 to 80 % less than coal waste material samples). 

• Long-term release rates differ by almost one order of magnitude with slurry release 

rates lower than discard. This result is counter-intuitive as the finer grain size of the 

slurry relative to the discard should result in a higher surface area exposed to 

oxidation during the humidity cell testing and higher element release rates. However, 

oxygen diffusion through water is slow. Moisture in the slurry during the kinetic tests 

may have limited access to oxygen, resulting in lower element release rates.  

• Mixtures of slurry and discard have lower initial and long-term sulphate release rates 

than discard on its own. This suggests that, as a general principle for closure planning, 

discard and slurry should be co-disposed as a mixture to reduce long-term groundwater 

quality impacts. 
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Figure 6-3: Comparison of initial vs. long-term sulphate release rates 
 
 
Table 6-5: Summary of sulphate release rates for Somkhele material 

Material Description Initial release rate 
[mg/kg/week] 

Long-term release rate 
[mg/kg/week] 

Discard Median of 2 samples 1095.9 213.1 

Slurry Median of 3 samples 1867.8 21.0 

Co-Disposed Median of 3 samples 1085.8 61.5 

Sandstone 1 sample 31.4 5.3 

Shale 1 sample 159.0 6.8 

Coal 1 sample 298.2 28.2 

Overburden (sandstone & 
shale) 

Median of 2 samples 95.1 17 
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7 CONCEPTUAL HYDROGEOLOGICAL MODEL 

The following section presents an overview of the hydrogeological conceptual model used to 

develop the numerical groundwater flow and transport model. The hydrogeological conceptual 

models for Mahujini, Emalahleni and Ophondweni are illustrated in Figure 7-6, Figure 7-7 and 

Figure 7-8, respectively. 

The potential hydrogeological risks, in terms of groundwater, are briefly discussed in the 

sections below. In addition, the risk of flooding and decant was evaluated. 

 

7.1 Closure philosophy 

As stated earlier in this report (refer to Section 2.3) the mine wishes to adopt a similar disposal 

philosophy, as will be implemented in Area 8. The strategy will typically involve backfilling 

the pits with overburden material rock (mixtures of sandstone, shale, siltstone, mudstone and 

dolerite) into the excavated Mahujini, Emalahleni and Ophondweni pits.  

As per the disposal plan for Area 8, it is proposed that overburden backfilling take place at 

least 2 to 5 metres below the pre-mining water level (refer to Section 4.3). The pits will then 

be covered (capped) by an impermeable barrier and compacted to reduce rainfall recharge 

into the opencast workings. Reducing infiltration and backfilling in the aforementioned 

manner is likely to reduce the oxidation of sulphide-bearing minerals contained in the rock. 

In turn, this greatly reduces Saline Drainage (SD) and Acid Drainage (AD) potential of the 

disposed waste. 

It should be noted that only pit Mahujini may be considered for future co-disposal of coal 

discard and coal slurry. If this is done by the Mine, disposal will take place below pre-mining 

groundwater levels, the pit will be capped, sloped and grassed to reduce rainfall percolation 

(a similar disposal technique is taking place in Mining Area 2). Due to the uncertainty of this 

actually being implemented, the likely impact of disposal in this manner was considered during 

the modelling and risk assessment of this investigation. As a worst case scenario, similar 

sulphate plume movement is anticipated. The only change would be the concentration 

gradient due to the attributes associated with co-disposed coal wastes. A detailed follow-up 

groundwater model will be constructed if co-disposal to Mahujini is to take place.  

 

7.2 Potential groundwater pollution sources 

Most of the mine surface infrastructure can be found in Area 2 which includes three 

beneficiation plants, discard dump, slurry ponds, offices, workshops, etc. Opencast workings, 

raw coal stockpiles, stormwater dams, hard park areas and associated overburden rock dumps 

will be situated in the aforementioned areas. Moreover, it is proposed that pollution control 

dams (PCDs) be constructed at each of the opencast areas. 
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Based on the available data, the following main groundwater pollution sources have been 

identified/are anticipated (refer to Figure 7-6 to Figure 7-8): 

1. Operational / decommissioning: 

• Nitrate (NO3) leaching into the surrounding aquifer from the use of explosives; 

• Overburden rock dumps (consisting of mixtures of shale, sandstone, siltstone 

and dolerite); and 

• Oil and fuel spills from mining machinery. 

2. Rehabilitation / closure / post-closure: 

• Discard, slurry and overburden material used to backfill the Area 4 and 5 pits;  

• Rehabilitated overburden dump areas. 

 
7.2.1 Receivers in the local area 

There are limited groundwater users downstream of the proposed Mahujini, Emalahleni and 

Ophondweni pit areas. One (1) hand pump was discovered near the proposed Ophondweni pit 

area (borehole OPBH2 approx. 140m from the pit high wall), which is used for water supply 

(for domestic use – as reported by residents in the area). 

There are several non-perennial streams situated downstream of the proposed pit areas, and 

at all of the mining sites, portions of these non-perennial streams will be mined out (refer to 

Figure 2-3 and Figure 7-6 to Figure 7-8).  

Considering the above mentioned, the identified receivers of likely pollution are users of the 

local aquifer system. Poor quality groundwater seepage may enter non-perennial streams 

situated close to the pits as baseflow. However, due to the ephemeral nature of the streams 

baseflow can be regarded as low to insignificant (unmeasurable due to dry conditions). 

 

7.3 Aquifer dewatering/impact on local streams 

The SAM can be described as a dry mine, with little to no groundwater seepage observed on 

exposed high walls or footwall areas. No groundwater ingress data is available for the existing 

mining areas and groundwater seepage into the pits is noted during high precipitation events. 

Available groundwater level data for areas where mining has taken place (Area 1, 2, 8 and 9) 

is shown in Figure 7-1. This groundwater data was extrapolated for Area 4 and 5. 

Available information indicates that there may be a small drawdown in the surrounding 

groundwater aquifer. No dewatering is taking place by SAM and the drawdown seems to be 

more closely related to seasonal groundwater fluctuations.  
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Inferring from available data, it is anticipated that there may be some reduced baseflow in 

winter months to the non-perennial streams in the area, if mining commences in Area 4 and 5 

(no mining is currently taking place in these areas). However, as stated previously due to the 

ephemeral nature of the streams baseflow can be regarded as low to insignificant 

(unmeasurable due to dry conditions). The likely effect of dewatering was assessed with the 

numerical flow model (please refer to Section 8.12). 

 

 
Figure 7-1: SAM – Groundwater level trends in Areas 2, 8 and 9 (2008 to 2018) 
 
 

7.4 Mine flooding 

From a theoretical point of view, the opencast workings have to flood at some stage, after 

mining ceases in the area. This is due to the pits being situated underneath the regional 

groundwater table. It should also be noted that groundwater seepage into the opencast pits 

(Area 1, 2, 8 and 9) is noted after intense precipitation in the area, and excess groundwater 

is removed via pumping methods. 

The period it will take for opencast workings to flood post- closure was determined and is 

illustrated by the stage curves in Figure 7-2 to Figure 7-4. The calculations are based on the 

following: 

• An estimated recharge range of 20 to 25 % of the MAP (average is ± 845 mm) is 

estimated for the backfilled voids (Hodgson & Krantz, 1998). 
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• The estimate is based on a No-Capping scenario, where maximum infiltration is 

allowed to occur (with regards to the recharge range above). 

• The estimate ignores groundwater inflow and outflow of the pits. It is anticipated that 

the groundwater will contribute only a small fraction of the total recharge directly 

into the pit (evident form limited to no pit inflows during mining). Groundwater inflow 

is estimated to be in the order of approx. 90 m³/day, if aquifer layers are intercepted. 

• The volume of the pit was determined by assessing the pit layouts provided by SAM 

for this study. Global Mapper was used to estimate the cut and fill volumes. 

• Reduced pit volumes as a result of the proposed pit backfilling activities, were not 

considered in the calculations. 

 
Based on the calculations and as seen in Figure 7-2 to Figure 7-4, it is estimated that: 

• The total rainfall recharge to the Mahujini workings is estimated at 

323 336.4 m³/year. Based on this figure and the pit layout, flooding to decant level is 

estimated at 70 to 80 years. 

• The total rainfall recharge to the Ophondweni workings is estimated at 

94 950 m³/year. Based on this figure and the pit layout, flooding to decant level is 

estimated at 100 to 110 years. 

• The total rainfall recharge to the Emalahleni workings is estimated at 

90 898.8 m³/year. Based on this figure and the pit layout, flooding to decant level is 

estimated at 90 to 100 years. 
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Figure 7-2: Mahujini – Stage curve 
 

 
Figure 7-3: Ophondweni – Stage curve 
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Figure 7-4: Emalahleni – Stage curve 
 
 

7.5 Decant assessment 

Based on the current pit layout and future pit layout plans for Area 4 and Area 5 (provided by 

SAM), the following decant levels were identified (refer to Figure 7-6 to Figure 7-8): 

• Pit Mahujini (Area 4) will likely decant along the northeastern boundary of the pit. 

This is the lowest portion of the pit. The decant elevation ranges from 110 to 

111 mamsl.  

• Pit Ophondweni (Area 5) will likely decant along the north-western boundary of the 

pit. This is the lowest portion of the pit. The decant elevation ranges from 89 to 

90 mamsl. 

• Pit Emalahleni (Area 4) will likely decant along the northern boundary of the pit. This 

is the lowest portion of the pit. The decant elevation ranges from 88 to 90 mamsl. 

 
7.5.1 Probability of decant 

If backfilling (whether by overburden material or co-disposal) does take place above the 

demarcated decant elevations, a positive hydraulic head may form in the pits, which could 

lead to decant. It is important to note that decant may not be a point source discharge (i.e. 

seen on the surface as a running stream of water such as a spring) but can occur from the pit 

via the weathered aquifer or vadose zone (i.e. as baseflow seepage). The concept is illustrated 

in Figure 7-5. Probability of decant was assessed, and is tabulated in Table 7-1. 
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Figure 7-5: Concept of decant from backfilled pits 
 
 
7.5.2 Decant quantity and quality 

Table 7-1 summaries the anticipated decant elevations, qualities, quantities of decant and 

the probability of decant occurring.  

 
Table 7-1: Anticipated decant quantities and qualities 

Opencast Area Anticipated Decant 
Elevation (mamsl) 

Estimated Decant 
Quantity (m³/day) 

Estimated Decant 
Quality (TDS in mg/l) 

Probability 

Pit Mahujini 110 to 111 180 to 400 300 - 900 Low 

Pit Emalahleni 88 to 90 180 to 350 300 - 900 High 

Pit Ophondweni 89 to 90 90 to 250 300 - 900 High 
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Figure 7-6: SAM – Mahujini area 
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Figure 7-7: SAM - Emalahleni area 
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Figure 7-8: SAM – Ophondweni area 
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8 NUMERICAL GROUNDWATER MODEL 

The numerical groundwater model developed describes the potential Zone of Influence (ZOI) 

for the Area 4 and Area 5 pits for the operational to post-closure phase. 

 

8.1 Objective of the model 

As stated above, the groundwater flow and transport models were developed to: 

• Understand the operational and assumed post -closure groundwater flow system. 

• Simulate the temporal and spatial extent of the pollution plume generated from the 

backfilling of overburden rock into the Mahujini, Emalahleni and Ophondweni Pits for 

the: 

1. Closure phase (when backfilling is complete); and 

2. 100Y plumes (post-closure). 

• Two (2) scenarios were assessed, with regards to the above mentioned: 

▪ Base case (pits are backfilled with overburden, areas are sloped but 

not compacted); 

▪ Capping (i.e. plastic liner or compacted overburden to reduce 

infiltration) of the pits after they are backfilled. 

• Simulate the likely aquifer drawdown at Life of Mine (LOM) for all the opencast 

workings. 
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8.2 Model process 

The modelling processes followed is indicated in Figure 8-1 below. 

 
Figure 8-1: Modelling Approach 
 
 

8.3 Model calibration and output visualization process 

The model calibration process was as follows: 

• Due to the model objective, only the flow model was calibrated. The model aims to 

evaluate the movement of groundwater pollution from the backfilled pits, post-

closure.  

• Based on available monitoring data for SAM, SO4 was used to model likely pollution 

migration. It is noted that SO4 is typically associated with pollution at coal mines in 

South Africa (INAP, 2018).  

o SO4 is known to be stable in a groundwater environment and tends to be less 

reactive than other ionic compounds.  

• The plume presentation indicates 250 mg/l and 500 mg/l sulphate plume contour 

lines. The above mentioned was applied to demarcate potentially contaminated 

groundwater zones, based on model calibration. The 250 mg/l and 500 mg/l zones 

represent the SANS 241-1:2015 water quality ranges.  

Conceptualisation 



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page 64 

o These guidelines are not intended to be used for environmental compliance 

and are used only as a benchmark value, to contextualise the results. 

o Table 8-1 summarises the target water quality range for sulphate as per the 

DWAF 1996 and SANS 241-1 2015 guideline documents. 

 
Table 8-1: Summary of the TWQR as per the DWAF 1996 and SANS 241-1: 2015 
guideline documents for SO4 (mg/l) 

System 
Aquatic 

Ecosystems 
Domestic / Potable Use Recreation Industry Agriculture 

DWAF 
1996 

N/A 
Human 

Consumption 
0-200 
mg/l 

Full Contact NA 

Category 1 
0-30 
mg/l Livestock 

Watering 
0-1000 
mg/l 

Category 2 
0-80 
mg/l 

Irrigation N/A 

Intermediate 
Contact 

NA 

Category 3 
0-200 
mg/l 

Agriculture N/A 
Category 4 

0-500 
mg/l 

SANS 241-
1: 2015 

N/A 

Aesthetic 
>250 
mg/l 

N/A N/A N/A 

Acute Health 
>500 
mg/l 

 
 

8.4 Assumptions and limitations 

The following model assumptions and limitations are recognised: 

• It is assumed that the recharge into the aquifer has not changed significantly from 

pre-mining conditions. Artificial recharge or reduced recharge as a results of mining 

in the area was not incorporated into the model. 

• Groundwater-specific yield and specific storage values (refer to Section 4.6) were 

derived from reported ranges for the rock types encountered in the study area.  

• The model does not consider kinetic mineral reactions (i.e. oxidation of pyrite within 

rock). However, the long term SO4 load for overburden type rock, as presented in 

Section 6.4, were applied to the backfill areas (i.e. to transport cells in the model 

domain which represents overburden). 

• The model grid was constructed based on the regional geology map for the area, and 

refined in areas where there is available drilling log data and/or geophysical data.  
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8.5 Model confidence level classification 

The Australian Groundwater Modelling Guidelines (Barnett et al., 2012) refer to the following 

two principles that must be considered in the numerical calibration process: 

• Guiding Principle 2.3:  

o A target model confidence level classification should be agreed and 

documented at an early stage of the project to help clarify expectations. The 

classification can be estimated from a semi-quantitative assessment of the 

available data on which the model is based (both for conceptualisation and 

calibration), the way the model is calibrated and how the predictions are 

formulated.  

o GCS aimed to construct a Class 2 to 3 flow model. Class 2-3 flow models are 

founded on sufficient hydrogeological data (i.e. water level data and aquifer 

hydraulic parameters, excluding hydrochemical data) and can be used to 

predict the future behaviour of a groundwater aquifer system.  

• Guiding Principle 2.4:  

o The initial assessment of the confidence level classification should be revisited 

at later stages of the project, as many of the issues that influence the 

classification may not be known at the model planning stage.  

 

8.6 Model software package 

The numerical model for the project was constructed using Visual Modflow Classic and Modflow 

Flex, 2018.1 Pro, Build 4.6.0.168, a pre- and post- processing package for the modelling code 

MODFLOW. MODFLOW is a modular three-dimensional groundwater flow model developed by 

the United States Geological Survey (Harbaugh et al., 2000). MODFLOW uses 3D finite 

difference discretisation and flow codes to solve the governing equations of groundwater flow. 

 
8.6.1 Flow and transport engine  

The flow engine used is the USGS MODFLOW-NWT package. The USGS MODFLOW-NWT is a 

Newton-Raphson formulation for MODFLOW-2005 to improve the solution of unconfined 

groundwater-flow problems. MODFLOW-NWT is a standalone program that is intended for 

solving problems involving drying and rewetting nonlinearities of the unconfined groundwater-

flow equation. The MT3DMS solute transport code was used to simulate solute transport. 
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8.6.2 Governing equations 

The numerical model used in this modelling study was based on the conceptual model 

developed from the findings of the desktop and the baseline investigations. The simulation 

model simulates groundwater flow based on a three-dimensional cell-centred grid and may be 

described by the following partial differential equation: 

 
   Equation 3 
 
 
where:  

• Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, y, and z coordinate 

axes, which are assumed to be parallel to the major axes of hydraulic conductivity 

(L/T); 

• h is the potentiometric head (L); 

• W is a volumetric flux per unit volume representing sources and/or sinks of water,  

with:  

• W < 0.0 for flow out of the ground-water system, and W>0.0 for flow in (T-1); 

• Ss is the specific storage of the porous material (L-1); and 

• t is time (T). 

 
Equation 3, when combined with boundary and initial conditions, describes transient three-

dimensional groundwater flow in a heterogeneous and anisotropic medium, provided that the 

principal axes of hydraulic conductivity are aligned with the coordinate directions (Harbaugh 

et al., 2000).  

 

8.7 Model grid 

Based on the available data, the model grid was updated. The sub-sections discuss the model 

boundary conditions, model grid dimensions and grid discretisation. The model grid developed 

is based on the conceptual hydrogeological model developed for the entire SAM area (Areas 1 

to 9). 

 
8.7.1 Construction of the finite difference grid 

Compilation of the finite difference grid using the Visual Modflow graphic user interface 

facilitated the construction of a rectangular horizontal grid, as well as vertical geometry 

provided for each of the layers. The flow model was set up as a five (5) layer, confined / semi-

confined aquifer. 
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The positions of the different geological boundaries are incorporated in the modelling grid. A 

grid refinement of 10 m x 10 m cells for the Mahujini, Emalahleni and Ophondweni areas which 

gradually coarsens away from the site was applied (refer to Appendix B). This is standard 

practice and does not influence the accuracy of the results obtained. 

 
8.7.2 Boundary conditions 

Boundary conditions express the way in which the considered domain interacts with its 

environment. In other words, these are the conditions of known water flux, or known 

variables, such as the hydraulic head. Different boundary conditions result in different 

solutions, hence the importance of stating the correct boundary conditions. Boundary 

condition options in MODFLOW can be specified either as: 

• Specified head or Dirichlet; or 

• Specified flux or Neumann; or 

• Mixed or Cauchy boundary conditions. 

From the conceptual point of view, it was essential to meet two criteria to the maximum 

extent possible: 

• The modelled area should be defined by natural geological and hydrogeological 

boundary conditions, i.e. the model domain should preferably encompass entire 

hydrogeological structures; and 

• The mesh size of model grid must correspond to the nature of the problem being 

addressed with the model. 

 
Local hydraulic boundaries were identified for model boundaries. They are represented by: 

• Local watershed boundaries; 

• Topographical highs; 

• Constant head and general head boundaries; and 

• The delineated area of the entire model domain.  

 
These hydraulic boundaries were selected far enough from the area of investigation to not 

influence the numerical model behaviour in an artificial manner.  

The model boundaries and model grid are shown in Appendix B. Table 8-2 provides a summary 

of the boundaries, boundary descriptions and boundary conditions specified in the 

hydrogeological model. 
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Table 8-2: Model and real-world boundaries 

Boundary Boundary Description Boundary Condition 

Top Top surface of water table Mixed type 

North No-flow boundary  Topographical high and streams 

East No-flow boundary Topographical high/low/streams 

South No-flow boundary and River Umfolozi River 

West No-flow boundary Topographical low and streams 

 
 
8.7.3 Vertical discretisation 

Along the vertical direction, the steady state hydrogeological model is structured in 5 model 

layers (refer to Figure 8-2 and Appendix B). The layer positions were selected to best 

incorporate the conceptual model and to allow for accurate horizontal and vertical 

groundwater flow in the model. Layer 2 and 3 were structured such, to represent the supposed 

pit floors and elevations to which waste disposal will take place.  

The following layers were defined: 

• Layer 1: Weathered Karoo and known intrusive (dolerite) occurrences; 

• Layer 2: Upper weathered and fractured Karoo with coal seams (30-60 m thickness).  

• Layer 3-4: Fresh fractured Karoo rock; and 

• Layer 5: Older fractured Karoo and pre-Karoo rock (very low permeabilities). 
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Figure 8-2: Model zones 
 
 

8.8 Time discretisation 

Time parameters are relevant when modelling transient (time-dependent) conditions. They 

include time unit, the length and number of time periods and the number of time steps within 

each period. All model parameters associated with boundary conditions and various stresses 

remain constant during one period. Having more time periods allows these parameters to 

change in time more often (Kresic, 2007). 

The steady-state groundwater flow model was used for sensitivity analysis. For simulation of 

plume migration and dewatering, the transient simulation was discretised into stress periods 

of 4 months. 

 
8.8.1 Model simulation time 

The model simulation time runs from the year 2002 to the year 2126. Table 8-3 lists the model 

simulation time (based on a best guess estimate of the mine available mine plans) and the 

mining schedule and anticipated backfilling and closure schedules for the Area 4 and 5 pits. 

 
Table 8-3: Model simulation time 

Year 
Model Time 

in Years 
Model Time 

in days 
Emalahleni Ophondweni Mahujini Comment 

Model 
Phase 

2006 0 0    Oldest Water Level 
Data 

Calibration 

2007 1 365     

2008 2 730     

2009 3 1095     

2010 4 1460     

2011 5 1825     

2012 6 2190     
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Year 
Model Time 

in Years 
Model Time 

in days 
Emalahleni Ophondweni Mahujini Comment 

Model 
Phase 

2013 7 2555     

2014 8 2920     

2015 9 3285     

2016 10 3650     

2017 11 4015     

2018 12 4380    
Available 

Monitoring Data 
Ends 

2019 13 4745    Current Year 

2020 14 5110    

Mining Predicted 4-
5 years. LOM 

predicted in 2024 

Prediction 

2021 15 5475    

2022 16 5840    

2023 17 6205    

2024 18 6570 LOM LOM LOM 

2026 20 7300 
Rehab / 
Closure 

Rehab / 
Closure 

Rehab / 
Closure 

Rehabilitation over 
2 years and apply 

for closure 

2031 25 9125    5Y After Closure 

2036 30 10950    10Y After Closure 

2046 40 14600    20Y After Closure 

2076 70 25550    50Y After Closure 

2126 120 43800    100Y After Closure 

 
 

8.9 Input parameters / initial model conditions 

Model input parameters for the flow model are divided into two groups:  

1. Hydrogeological parameters (hydraulic conductivity, recharge and aquifer storage); 

and 

2. Initial conditions. 

 
The initial estimates for the hydraulic properties were assigned based on the aquifer test 

results (conducted on numerous boreholes from 2008 to 2019) at the Somkhele Anthracite Mine 

(refer to Figure 8-3). These hydraulic conductivity values were assigned to geological layers 

in the model area. The initial estimates were used for a combination of Parameter Estimation 

Simulation (PEST)2 and manual calibration. 

 

                                                 
2 PEST (Parameter Estimation Simulation): automated parameter estimation tool, which provides a sensitivity and 
uncertainty analysis of the model, and much more. 
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Figure 8-3: Hydraulic conductivities for predominantly occurring hydrogeology in the 
study area (2008 to 2019 data) 
 
 
The initial head conditions, specified in the steady-state model, were estimated from 

topography. Initial transient model heads were derived from the steady-state model results. 

Two to four percent (2 - 4 %) recharge of average annual rainfall was applied, which is 

approximately 16-33 mm/annum. Due to the anticipated homogeneous nature of the geology 

in the study area, similar parameter values were assigned to the entire model domain. 

Table 8-4 summarises the input parameters used in the steady-state and transient state flow 

models. 

 
Table 8-4: Initial parameters to the flow model 

Parameter Value used 

Horizontal Hydraulic conductivity (Kxy) 0.005 to 0.2 m/day 

Vertical Hydraulic conductivity (Kz) 0.0005 to 0.02 m/day 

Specific storage coefficient (Ss) In the order of 1 x 10-4 

Specific yield (Sy) 0.02 - 0.1 

Recharge (Re) 28.8 mm/yr  

Porosity (n) (total) 0.1 - 0.2 
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8.10 Model calibration 

Calibration is the process of finding a set of boundary conditions, stresses and hydrogeological 

parameters that produce results which most closely matches field measurements of hydraulic 

heads and flows. 

In a regional catchment –scale groundwater flow model, a difference between calculated and 

measured heads of up to several meters can be tolerated and is usually expressed as a function 

of the total range of observations. A scaled absolute mean value of below 10-15 % (RMS < 15%) 

is generally regarded as acceptable for a regional model (Tiedeman and Hills, 2005). 

This calibration was done under steady state conditions. When calibrated, the model can be 

used to predict the influence of various management scenarios. The transport model was not 

calibrated due to the objective function of the model (i.e. scenario modelling for likely future 

events). 

 
8.10.1 Calibration targets 

The calibration achieved for the steady state and transient state models are shown by Figure 

8-4 and Figure 8-5, below. There are a few outliers, however, the steady-state flow was 

successfully calibrated to a normalized RMS < 10% (correlation coefficient in the order of 92%) 

 

 
Figure 8-4: Flow model – Steady state calibration achieved 
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Figure 8-5: Flow model – Transient state calibration achieved (year 2019) 
 
 
8.10.2 Model sensitivity 

A sensitivity analysis was carried out on the calibrated steady-state model using zones to assess 

the influence on groundwater level and flow dimensions by running the model in the PEST and 

sensitivity mode. 

It can be seen from Figure 8-6 that the calibrated residuals (calculated heads vs observed 

heads) is slightly skewed towards the left. However, most of the data plots within 10-15% of 

the normalised distribution of the dataset used for calibration.  

The following summarises the sensitivity analyses (refer to Figure 8-7): 

• Vertical hydraulic conductivity on the x and z axis for layer 1 to 3; and 

• Groundwater recharge (par001). 
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Figure 8-6: PEST Sensitivity Analysis - Histogram 
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Figure 8-7: PEST Sensitivity Analysis - Jacobian Iteration Sensitivity3 

                                                 
3 K = hydraulic conductivity along the model grid and layer, Ss = storage coefficient for the specific layer, Sy = specific yield for the specified layer, par001 = recharge. Please note that the clour 
code is insignificant and only is a number assigned to a PEST simulation run. 
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8.11 Calibrated flow model 

The calibrated flow model is shown by Figure 8-8. The groundwater flow model indicates 

groundwater flow velocities ranging from 0.01 (min) to 0.13 (max) m/day, indicating very 

slow-moving groundwater in the study area. 

 

8.12 Scenario modelling 

The calibrated flow model was used in order to model: 

1. The sulphate plume extent (transient state model used) at: 

o The closure phase (LOM) for Mahujini, Emalahleni and Ophondweni; and 

o The100 year (Y) plumes post- closure for all three (3) pits. 

2. Aquifer dewatering associated with each pit at LOM (transient state model). 

 
Both a base case (no-mitigation) and mitigation scenario were simulated, for the transport 

model. The impact of the mitigation applied to the spatial extent and movement of the plumes 

was then recorded. Figure 8-9 and Figure 8-10 presents the results of the transport scenario 

models. The dewatering model for LOM for all areas is shown by Figure 8-11. The assumptions 

and the results of the modelling are discussed below.  

 
8.12.1 Scenario 1 - Base Case / No Mitigation 

This scenario aims to describe the ZOI (i.e. the sulphate plume movement in the aquifer and 

likely impact on local surface water streams) if the opencast workings are backfilled with 

overburden and no rehabilitation or mitigation applied, simulating a worst-case scenario. 

The following pertains to the no-mitigation scenario: 

• A constant sulphate concentration ranging from 300 to 900 mg/l is applied to areas 

backfilled (refer to Section 6 and GCS, 2018). Sulphate was used to illustrate the likely 

movement of contaminants in the aquifer. 

• Recharge in the range of 15-20% were assigned to the opencast areas (Hodgson & 

Krantz, 1998). 

• The backfill overburden hydraulic properties (specific yield, effective porosity and 

total porosity) are assumed to be the same as that of bulk sandy gravel material. 

• The model does not consider kinetic mineral reactions (i.e. oxidation of pyrite or other 

S-rich minerals). It is assumed that oxidation of the top part of the disposed 

overburden rock continues due to oxidise, due to fluctuating water levels and oxygen 

ingress. 
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8.12.2 Scenario 2 - Mitigation 

This scenario aims to describe the ZOI if the pits are backfilled with overburden and mitigation 

applied after closure. The mitigation scenario assumes that an impermeable barrier is installed 

or capping layer developed installed on top of the pits before it is sloped to pre-mining surface 

topography.  

The following pertains to the no-mitigation scenario: 

• No change in constant concentration cells in the model domain are made.  

• No change to hydraulic properties of the backfill material is made. 

• Recharge to the opencast workings are reduced to a range of 0.1 to 0.3 % of the MAP 

(Hodgson & Krantz, 1998). 

 
8.12.3 Dewatering model 

The dewatering model simulates aquifer dewatering for the Areas 4 and 5. Drainage cells were 

positioned in the model domain at the approximate elevations corresponding to the pit 

layouts. Constant discharge was assumed to simplify the dewatering. The dewatering rate 

correlates to the likely aquifer yield and hydraulic conductivity. 
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Figure 8-8: Calibrated flow model 
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Figure 8-9: Modelled sulphate plume extent – no mitigation (100Y Plume) 
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Figure 8-10: Modelled sulphate plume extent – mitigation applied (100Y Plume) 
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Figure 8-11: Estimated aquifer drawdown at LOM 
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9 CONCLUDING REMARKS 

Concluding remarks concerning the investigation and the groundwater model are summarised 

as follows: 

• The steady-state model was successfully converted into a transient state, and the 

model was successfully calibrated against available monitoring and hydrocensus 

groundwater level data.  

• Groundwater level data for 132 observation points within the Somkhele area (Area 1, 

2, 4, 5, 8 and 9) were successfully applied.  

• A calibration with a correlation between 0.91 to 0.93 ( 9 to 10 % - RMS) was achieved 

for the flow models. A model calibrated to a scaled absolute mean value (RMS) ranging 

from < 10 to 15% is generally regarded as acceptable (Tiedeman and Hills, 2005). 

• The following is noted form the transport models: 

o Non- mitigation scenario: 

▪ The predicted groundwater sulphate plume in the groundwater aquifer 

at closure remains localised to the Mahujini, Emalahleni and 

Ophondweni opencast workings.  

▪ From the 100Y plumes generated, it is clear that: 

• Ophondweni: Predominate groundwater plume movement 

is towards the north, west and south. The 250 and 500 mg/l 

sulphate plume contours intercepts the non-perennial streams 

closest to the pit. It is likely that groundwater baseflow into 

the non-perennial streams may have an increased salt load.  

• Emalahleni: The groundwater plume spreads radially from 

the pit (in all directions). The 250 and 500 mg/l sulphate plume 

contours intercept the non-perennial streams closest to the 

pit. It is likely that groundwater baseflow into the non-

perennial streams may have an increased salt load. 

• Mahujini: The groundwater plume spreads radially from 

the pit (in all directions). The 250 and 500 mg/l sulphate plume 

contours intercept the non-perennial streams closest to the 

pit. It is likely that groundwater baseflow into the non-

perennial streams may have an increased salt load. 
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o Mitigation scenario (capping or compaction): 

▪ The predicted groundwater sulphate plume at closure remains 

localised to the Mahujini, Emalahleni and Ophondweni opencast 

workings.   

▪ From the 100Y plumes generated, it is clear that: 

• Ophondweni: The groundwater sulphate plume remains 

localised to the pit. Only the 250 mg/l sulphite plume contour 

intercepts the western non-perennial streams. It is likely that 

groundwater baseflow into the non-perennial streams may 

have an increased salt load. 

• Emalahleni: The groundwater sulphate plume remains 

localised to the pit. Limited plume movement is observed. 

• Mahujini: The groundwater sulphate plume spreads 

radially from the pit (in all directions) but remains localised to 

the mine workings. A definite decrease in the spatial spread of 

the plume is observed when compared to the non-mitigation 

scenario. It is likely that groundwater baseflow into the nearby 

non-perennial streams may have an increased salt load. 

o From the scenarios simulated, it is clear that reduced infiltration through 

capping decreases the spatial spread of the plume over time. Hence, mitigation 

should focus on reducing infiltration into the backfilled and rehabilitated pits.  

• The following is noted for the dewatering model: 

o Ophondweni: The dewatering ZOI remains localised to the opencast pit. It 

is likely that some of the non-perennial streams, particularly ones closest to 

the pit and inside the ZOI, may show reduced flow during winter months. 

Aquifer drawdown at borehole OPBH2 (a  borehole reportedly used for 

community water supply) is considered unlikely. 

o Emalahleni: The dewatering ZOI remains localised to the open cast pit. It 

is likely that some of the non-perennial streams, particularly ones closest to 

the pit and inside the ZOI, may show reduced flow during winter months. No 

groundwater users have been recorded within the dewatering ZOI. 
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o Mahujini: The dewatering ZOI extends over a large area, due to the size 

of the proposed opencast workings. It is likely that some of the non-perennial 

streams, particularly ones closest to the pit and inside the ZOI, may show 

reduced flow during winter months. The dewatering ZOI does not intercept 

perennial streams, and reduced baseflow to the aforementioned is highly 

unlikely. No groundwater users have been recorded in the dewatering ZOI. 

o Comments: It should be noted that the majority of the non-perennial streams 

are generally dry (ephemeral streams), and only have water during rainy 

seasons (rainfall runoff). Considering the site conditions and dewatering model 

results, it is anticipated that the impact on the non-perennial streams in the 

various mining areas will be low to insignificant. 

• According to Guiding Principle 2.3 and 2.4 in the Australian groundwater modelling 

guidelines (Barnett et al., 2012) the degree of confidence of the groundwater flow and 

transport model was evaluated:  

o The flow model is assigned a Class 2 confidence level due to the numerous 

groundwater head boreholes available for calibration.  

o Class 2 models are suitable for assessing higher risk developments in higher-

value aquifers (i.e. major aquifer for groundwater supply or an aquifer that is 

highly susceptible to pollution). 

• It is fair to conclude that all data made available and obtained for this investigation 

has successfully been incorporated into the model.  

• The following parameters were observed to be sensitive (refer to Section 8.10.2): 

o Vertical hydraulic conductivity on the x and z axis for layer 1 to 3; and 

o Groundwater recharge (par001). 
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10 GROUNDWATER RISK AND MANAGEMENT 

As part of the geohydrological update for Area 4 and 5, the likely groundwater related risks at 

the SAM were updated. Subsequently, mitigation measures which may improve groundwater 

quality during operation, closure and post- closure were formulated. The updated 

groundwater risks and mitigation measures are presented in Appendix C. 

 

10.1 Acid Drainage 

Based on available geochemical data, Acid Drainage (AD) and neutral drainage (ND) are likely 

to be associated with exposed overburden rock (specifically shale) and coal wastes (refer to 

Section 6). The typical steps for AMD generation (for pyrite minerals) are shown by Equation 

4 to 8. 

 

𝑭𝒆𝑺𝟐(𝒔) +  
𝟕

𝟐
𝑶𝟐(𝒈) + 𝑯𝟐𝑶(𝒍)  → 𝑭𝒆𝟐+ + 𝟐𝑺𝑶𝟒

𝟐−(𝒂𝒒) +  𝟐𝑯+     Equation 4 

 
 

𝑭𝒆𝟐+ +  
𝟏

𝟒
𝑶𝟐(𝒈) + 𝑯+ → 𝑭𝒆𝟑+ + 

𝟏

𝟐
𝑯𝟐𝑶(𝒍)       Equation 5 

 
 

𝑭𝒆𝑺𝟐(𝒔) +  𝟏𝟒𝑭𝒆𝟑+ +  𝟖𝑯𝟐𝑶(𝒍)  →  𝟏𝟓𝑭𝒆𝟐+ +  𝟐𝑺𝑶𝟒
𝟐− + 𝟏𝟔𝑯+     Equation 6 

 
 

𝑭𝒆𝟑+ +  𝟑𝑯𝟐𝑶 →  𝑭𝒆(𝑶𝑯)𝟑(𝑺) +  𝟑𝑯−       Equation 7 
 
 

𝑭𝒆𝑺𝟐(𝒔) +  
𝟏𝟓

𝟒
𝑶𝟐(𝒈) +  

𝟕

𝟐
𝑯𝟐𝑶(𝒍) →  𝑭𝒆(𝑶𝑯)𝟑(𝒔) +  𝟐𝑺𝑶𝟒

𝟐− + 𝟒𝑯−    Equation 8 

 
 
AMD is highly likely to occur if: 

1. There is sufficient oxidation of sulphide-rich material in the exposed rock (O2 

component);  

2. There is contact between the exposed oxidised rock and rainwater / groundwater 

(H2O component); and 

3. There is sufficient iron (Fe2+
 and Fe3+) which can react to form secondary minerals 

such as iron hydroxide (Fe(OH3)), producing an acid. 

 
Eliminating one of the above-mentioned components is highly likely to reduce and limit AMD 

potential. Oxygen usually enters the mine where mine workings are not flooded or via 

excessive rainfall recharge/inflows. Therefore, it is anticipated that shallow areas where the 

overburden is <30m are more susceptible to higher rainfall ingress, oxygen ingress and AD/SD. 

SD will be more likely to occur where sulphate concentration dominates the water quality 

after closure (i.e. for saturated backfill material).  
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10.2 Groundwater and acid drainage management plan 

Best Practice Guideline - A6: Water Management for Underground Mines (DWAF, 2008b) states 

the following: 

Plan, design, operate and close the underground mining operations in a manner that 

reduces the ingress of clean water into the mine, minimizes the volume of water used 

in mining operations, maximizes water reuse, minimizes the water quality 

deterioration within the mine and minimizes the impacts on the water resource. 

 
Though the mine workings are opencast, the same mitigation management measures will be 

used/taken into consideration. Proposed mitigation measures to restrict the local groundwater 

and surface water impact during the operational and closure phase at Areas 4 and 5  and to 

reduce likely AD/SD, are listed in Table 10-1. 

 
Table 10-1: AMD prevention methods based on a control objective (adapted from 
Kuyucak, 2012) 

Objective of Control Control / Prevention Method 

Water mitigation Capping & seeding, diversion ditches, grout curtains, slurry 
walls, impermeable geomembranes. 

Reduction of water inflow Encapsulation, capping and sealing. 

Exclusion of oxygen Water covers (flooding), blending with finer material to 
reduce pore space, and sub-aqueous deposition. 

pH Control Waste segregation and blending, with the addition of alkaline 
/ lime. 

Sulphide removal and isolation Conditioning of overburden stockpiles. 

Control of bacterial action Bactericides. 

 
 
10.2.1 General management Measures 

The following general management strategies must be considered to manage any long-term 

AD: 

• Plan for closure with regard to understanding where water enters the mine and would 

normally accumulate, how it flows, how it should preferably flow in order to minimize 

water quality deterioration. 

• Dispose all overburden material at least 2-5 m below the pre-mining groundwater 

levels. Disposing the material underneath the pre-mining water level will ensure 

saturated disposal conditions. 
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• Cover all overburden rock facilities (i.e. the opencast workings which will be 

backfilled) to reduce rainfall and oxygen ingress into the backfill material. 

 
 
10.2.2 Site specific Measures 

The focus areas for AD management should be: 

• To reduce oxygen ingress into the opencast workings; and  

• To reduce excessive rainfall recharge/inflows into the opencast workings after 

closure.   

 
 
10.2.3 Monitoring 

The focus of monitoring should be: 

1. Operational and closure:  

a. Multiple-level monitoring wells must be constructed to monitor base-flow 

quality within the identified sensitive zones (refer to predicted plume 

movement in Section 8.12); and  

b. Monitor groundwater level behaviour in the surrounding aquifer.   

2. Use the results of the monitoring programme to confirm/validate the predicted 

impacts on groundwater availability and quality after closure. 

3. Update existing predictive tools to verify long-term impacts on groundwater, if 

required. 

 
 
10.2.4 Proposed groundwater monitoring points  

It is anticipated that some of the exploration boreholes discovered in the Mahujini, Emalahleni 

and Ophondweni opencast areas, can be refurbished to become preliminary groundwater 

monitoring points. Table 10-2 lists the proposed preliminary groundwater monitoring points. 

Figure 10-1 shows the spatial distribution of the proposed monitoring boreholes.  

It is anticipated that the boreholes listed will cover each area efficiently, on a preliminary 

scale; or until permanent boreholes can be sited and installed. As soon as mining starts, 

dedicated monitoring boreholes should be sited via geophysical application and drilled to 

monitor gap areas in the preliminary monitoring network. 
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Table 10-2: Preliminary groundwater monitoring 

Opencast 
Workings 

Site ID Latitude (WGS84) Longitude (WGS84) Position Proposed Monitoring Frequency 

Mahujini 

MMP36 -28.27468 32.0752 Downstream 

Quarterly 

HCBH3 -28.28488 32.06266 Upstream 

HCBH2 -28.28287 32.07341 Downstream 

HCBH4 -28.27618 32.07129 Downstream 

Emalahleni 

SPX148 -28.32 32.10267 Upstream 

EMBH2 -28.31381 32.11156 Downstream 

SPX138 -28.31604 32.10365 Downstream 

Ophondweni 

OPBH1 -28.26793 32.15159 Downstream 

OPP21 -28.25301 32.16602 Downstream 

OPBH2 -28.26215 32.15977 Downstream 
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Figure 10-1: Proposed preliminary groundwater monitoring programme 
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10.3 Treatment options 

Mine decant or poor quality seepage will need to be treated before it is discharged into the 

receiving environment. Available geochemistry data shows that shale and pyritic-sandstone 

(overburden material) is representative of AMD conditions with acidic pH values and high salt 

and metal concentrations. 

Based on available data, two (2) treatment systems are considered: 

1. Active water treatment system; and 

2. Semi-passive water treatment system. 

 
The treatment systems are discussed in the sub-sections below. In selecting a suitable water 

treatment system, the following factors should be considered: 

• Composition of the inlet water; 

• Specific cations of product water; 

• Infrastructure and space available;  

• Capital expenditure (CAPEX); 

• Operational expenditure (OPEX); and 

• Waste generation. 

 
10.3.1 Active water treatment 

Active water treatment is highly effective at treating AMD, however, this treatment option 

has high long-term operational costs. The following water treatment options may be 

considered: 

1. Reverse osmosis process: 

a. In this process, very high purity water is recovered by reverse osmosis, and 

the salts in solution are concentrated and kept in solution using anti-scaling 

technology. The supersaturated solutions are then treated in precipitation 

reactors in a controlled environment thereby removing excess soluble salts 

from solution. The reactors can be designed and operated for the removal of 

specific salts or for the generation of a mixed salt. In some cases, lime may 

be added, and the reactors then operated for “cold lime softening” and the 

pH elevated. 

2. Ion exchange process: 
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a. Ion exchange processes are provided as an adsorption barrier against the 

breakthrough of dissolved ions in the water. Cation exchange resins are 

employed to remove cations followed by anion exchange resins for the 

removal of anions. Although there are several ion exchange small-scale pilot 

plants used for the treatment of mine water, there are currently no large-

scale installations being operated for the treatment of water before 

discharge. Ion exchange has, however, been used in large installations to 

produce demineralised water for use in power stations. One the salts are 

adsorbed onto the resins, these need to be selectively removed. Although ion 

exchange can ensure acceptable water quality, the need for chemical addition 

and the disposal of large volumes of highly concentrated brine waste must be 

addressed. . The options for brine disposal include: 

i. Neutralisation is necessary as the chemicals are either acidic or 

caustic; 

ii. Evaporation is necessary as all the salts report to the regeneration as 

dissolved; 

iii. Disposal of the concentrated solutions to a waste site; or 

iv. Production of saleable by-products is possible; however, the 

quantities probably make this non-viable. 

 
10.3.2 Semi-passive water treatment 

Passive treatment of AMD is the preferred method of treating contaminated mine water. These 

systems are low maintenance, low-cost and take advantage of naturally occurring processes 

(i.e. oxidation, reduction or microbial breakdown) at the given site (IMWA, 2018). Based on 

available chemistry data, following treatment options could be considered: 

1. Limestone diversion wells: 

a. A typical well consists of a circular casing, often sunk into the ground at a 

shallow level alongside a stream. Water is forced into the well using the 

elevation difference that creates a hydraulic head. This often involves 

damming water upstream. The water is flushed into the centre of the well 

through a pipe and exits the pipe near the bottom of the well. The water then 

flows upwards, fluidising the limestone substrate. Calcium carbonate reacts 

with the contaminated water to raise the pH and increase alkalinity, thus 

allowing for the removal of metal contaminants. Treated water can then be 

discharged to a nearby watercourse.  

2. Linear Flow Channel Reactor (LFCR) 
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a. The operation of the integrated 

process relies on the formation of 

niche environments within the LFCR, 

partitioning a distinct aerobic zone at 

the air-liquid interface and an 

anaerobic zone within the bulk volume 

of the reactor. The Sulphate Reducing 

Bacteria (SRB) in the bulk volume 

reduce sulphate, in the presence of a 

suitable electron donor, to sulphide. 

The sulphide is partially re-oxidised by 

Sulphur Oxidising Bacteria (SOB) under 

oxygen-limiting conditions at the air-liquid interface, forming a floating 

sulphur biofilm. 

3. Artificial wetlands: 

a. If the contaminated mine water is of adequate quality (environmentally 

acceptable in accordance with the conditions of the Water Use License 

[WUL]), the water can be discharged into an artificial wetland system 

constructed downstream of the pit(s). This will ensure a “walk away solution” 

without additional cost, in terms of post-closure. Figure 2-1 illustrates this 

concept. 

 
 

 
Figure 10-3: Artificial wetland concept 
 
10.3.3 Site specific Measures 

Considering the above-mentioned treatment system types, it is anticipated that a semi-passive 

artificial wetland treatment system may be sufficient to treat decant at Somkhele Areas 4 and 

5 (due to the expected alkaline pH, low metal and high SO4 concentration). Figure 10-4 

illustrates how a typical semi-passive treatment system could be installed at Mahujini, 

Emalahleni and Ophondweni, to treat any decant which may occur. 

Figure 10-2: Limestone diversion well 
(from IMWA, 2018) 
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Figure 10-4: Artificial wetland water treatment system - concept 
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11 RECOMMENDATIONS 

The following recommendations are made: 

• A geophysical assessment of the mining areas should be undertaken as soon as the 

areas are cleared for mining. It is important to map preferential groundwater flow 

paths towards the receiving environment and to update the groundwater risk 

assessment. Subsequently, dedicated groundwater monitoring boreholes should be 

drilled in these preferential flow path areas in order to update and improve the 

proposed monitoring network . 

• At least two (2) constant rate pump tests should be undertaken (once off) as part of 

the monitoring programme, to update aquifer hydraulic parameters and the site 

conceptual models.  

• Include the Area 4 and 5 pits into the geochemical monitoring programme, once mining 

starts.  

o The data will be used to update the geochemical model annually on the basis 

of results from ongoing groundwater monitoring.  

o Updating the geochemical model will help to verify sources terms (sources of 

the risks) which are used as input parameters to the numerical groundwater 

model. 

• Update the numerical groundwater flow and transport model annually to: 

o Track the sulphate plume movement into the surrounding aquifer; 

o Track preferential flow paths and changes to groundwater flow;  

o Ensure no monitoring network gaps exist (i.e. check if the monitoring network 

is representative of the site); and 

o Update the numerical groundwater model annually. 

• Continue with quarterly groundwater quality and groundwater level monitoring during 

the operational phase of Mahujini, Emalahleni and Ophondweni; and, within two to 

four years following the decommissioning phase, to establish post-closure 

groundwater level and quality trends. 

o The monitoring information must be used to update, verify and re-calibrate 

the predictive tools used during the study to increase the confidence in the 

closure objectives and management plans.  

o The numerical model platforms can be updated on an annual basis to confirm 

groundwater and pollution transport movement into the environment. 
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o Once the model is updated the groundwater monitoring plan and mine water 

treatment plans can be updated. 
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APPENDIX A: AQUIFER TEST RESULTS 

 

 

 

2019 Hydrocensus Borehole Testing

0. 4. 8. 12. 16. 20.
0.001

0.01

0.1

Time (min)

D
is

p
la

c
e
m

e
n
t 
(c

m
)

Obs. Wells

SMS008

Aquifer Model

Confined

Solution

Bouwer-Rice

Parameters

K  = 0.2813 m/day
y0 = 0.02781 cm



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page 99 

 

 

 

 

0. 4. 8. 12. 16. 20.
0.001

0.01

0.1

1.

Time (min)

D
is

p
la

c
e
m

e
n
t 
(c

m
)

Obs. Wells

MMP036

Aquifer Model

Confined

Solution

Bouwer-Rice

Parameters

K  = 0.1716 m/day
y0 = 0.1313 cm



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page 100 

 

 

0. 4. 8. 12. 16. 20.
0.001

0.01

0.1

1.

Time (min)

D
is

p
la

c
e
m

e
n
t 
(c

m
)

Obs. Wells

MMP28

Aquifer Model

Confined

Solution

Bouwer-Rice

Parameters

K  = 0.132 m/day
y0 = 0.02082 cm



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page 101 

APPENDIX B: MODEL GRID 
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APPENDIX C: RISK ASSESSMENT UPDATE 

 
The likely groundwater impacts associated with the Mahujini, Emalahleni and Ophondweni 

opencast areas (for the operational and closure phase) was assessed in terms of probability 

(likelihood of occurring), scale (spatial scale), magnitude (severity) and duration (temporal 

scale). To enable a scientific approach to the determination of the environmental significance 

(importance), a numerical value is linked to each rating scale. 

 
The following criteria were applied:  

• Occurrence: 

o Probability of occurrence (how likely is it that the impact may occur?); and 

o Duration of occurrence (how long the impact may last). 

• Severity: 

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

severity?); and 

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

environment or only that of the site?). 

 
The impact assessment rankings used are listed in Table 1. The significance of the impact was 

determined by the formula below and was screened according to Table 2. 

 
SP (significance of impact) = (magnitude + duration + scale) x probability 

 
The likely impacts and significance of the impacts identified are added in Table 3.  

 
 
Table 1: Impact assessment rankings 

Status of Impact 

+:  Positive (A benefit to the receiving environment) 

N:  Neutral (No cost or benefit to the receiving environment) 

-:  Negative (A cost to the receiving environment) 

Magnitude: =M Duration: =D 

10:  Very high/don’t know 5:  Permanent 

8:  High 4:  Long-term (ceases with the operational life) 

6:  Moderate 3:  Medium-term (5-15 years) 

4:  Low 2:  Short-term (0-5 years) 

2:  Minor 1:  Immediate 

0:  Not applicable/none/negligible 0:  Not applicable/none/negligible 
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Scale: =S Probability: =P 

5:  International 5:  Definite/don’t know 

4:  National 4:  Highly probable 

3:  Regional 3:  Medium probability 

2:  Local 2:  Low probability 

1:  Site only 1:  Improbable 

0:  Not applicable/none/negligible 0:  Not applicable/none/negligible 

 
 
 
Table 2: Impact significance ratings 

Significance Environmental Significance Points Colour Code 

High (positive) >60 H 

Medium (positive) 30 to 60 M 

Low (positive) <30 L 

Neutral 0 N 

Low (negative) >-30 L 

Medium (negative) -30 to -60 M 

High (negative) <-60 H 
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Table 3: Risk assessment and mitigation (operational and closure phases) 

POTENTIAL ENVIRONMENTAL 
IMPACT 

APPLICABLE  AREA ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE 
BEFORE MITIGATION 

RECOMMENDED MITIGATION MEASURES 

ENVIRONMENTAL SIGNIFICANCE 
AFTER MITIGATION 

M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP 

Matters Pertaining to Hydrogeology (Groundwater Related Impacts) 

Operational Phase 

Soil disturbance 
Mahujini, Emalahleni and 
Ophondweni opencast pits 

Earthworks 3 3 2 4 32 - M None. 3 3 2 4 32 - M 

Hydrocarbon spills 
Mahujini, Emalahleni and 
Ophondweni opencast pits 

Mechanised machinery 4 3 2 4 36 - M 

Park vehicles in areas lined with concrete or fitted oil traps. 
Ensure vehicles are in good condition and not leaking fuel or oil when entering 

the mining areas. 
Do not service machinery in the opencast areas. 

Have oil & fuel spill kits on site. 

2 2 2 2 12 - L 

Poor quality seepage from 
overburden dumps into the aquifer 

and downstream surface water 
bodies (non-perennial streams). 

Mahujini, Emalahleni and 
Ophondweni opencast pits 

Seepage 4 3 2 4 36 - M Reduce footprint areas to minimize reaction flow path of rainfall water. 4 2 2 3 24 - L 

Drawdown of the regional water 
table as the opencast workings 

flood. Possible reduced baseflow of 
streams within 500 m of the 

workings. 

Mahujini, Emalahleni and 
Ophondweni opencast pits 

Aquifer drawdown 6 2 2 2 20 - L Water level monitoring in nearby boreholes. 6 1 2 2 18 - L 

Flooding of the opencast workings 
while operational. Potentially from 
contact zones or 1:100Y flooding 

events. 

Mahujini, Emalahleni and 
Ophondweni opencast pits 

Flooding 6 2 2 3 30 - M 

Ensure that dewatering pumps are on standby to dewater should there be any 
seepage or accumulated rainwater in the pits. This is likely only to occur during 
high precipitation events or if mining intercepts a contact area under hydraulic 

pressure. 

6 1 2 3 27 - L 
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POTENTIAL ENVIRONMENTAL 
IMPACT 

APPLICABLE  AREA ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE 
BEFORE MITIGATION 

RECOMMENDED MITIGATION MEASURES 

ENVIRONMENTAL SIGNIFICANCE 
AFTER MITIGATION 

M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP 

Closure  / Decommissioning Phase 

Poor quality mine drainage into 
nearby non-perennial streams and 
the groundwater aquifer system. 

Mahujini, Emalahleni and 
Ophondweni opencast pits 

Seepage 4 5 2 4 44 - M 

Divert poor quality water to treatment facilities. 
Backfill the area which is likely to form a pit lake. 

Capping / covering of the pits to reduce infiltration and subsequent poor 
quality seepage. Moreover, co-disposal will decrease poor quality SD/AD (as 

proved by the kinetic leach testing). 
Update predictive groundwater flow and geochemical numerical models on a 

yearly basis. 
Water monitoring for a term at least 2-3 years after pit closure, to reconfirm 

closure objectives. 

4 5 2 3 33 - M 

Overburden dumps Seepage 4 5 4 4 52 - M 4 5 2 3 33 - M 

Decant from the opencast workings. 
Mahujini, Emalahleni and 
Ophondweni opencast pits 

Decant 6 5 4 2 30 - M 

Ensure opencast workings are infilled below the regional groundwater table / 
premining water level. However, if infilling must proceed above the premining 

water level than it should be below the identified decant levels.  
Water quality monitoring. 

6 5 4 1 15 - L 

Drawdown of the regional water 
table as the opencast workings 

flood. Possible reduced baseflow of 
streams within 500 m of the 

workings. 

Mahujini, Emalahleni and 
Ophondweni opencast pits 

Aquifer drawdown 6 5 2 2 26 - L Water level monitoring in nearby boreholes. 6 5 2 1 13 - L 

Subsidence of surface topography 
Mahujini, Emalahleni and 
Ophondweni opencast pits 

Collapsible soils for infilled 
areas. 

4 2 1 5 35 - M 
Infilling material should be compacted to ensure a stable work platform. 

Stability testing before capping layer is installed. 
4 1 1 1 6 - L 

 



Tendele Coal Mining (Pty) Ltd Area 4 and 5: Geohydrological Study 

18-1058 04 March 2019 Page 106 

APPENDIX D: AMBIENT WATER QUALITY DATA (2001 AND 2014 STUDIES) 

 
Table 1: 2013 water quality sample data 

Station ID 
Date 

Sampled 
pH EC  Ca  Mg Na  K  Cl  SO4  NO3-N  Fe  Mn  HCO3  

      mS/cm mg/l 

OP2-SW Jul-13 8.2 120.0 47.0 35.0 161.0 3.8 186.0 36.0 <0.1 0.04 <0.001 436.0 

GW1-SW Jul-13 8.6 155.0 27.0 41.0 182.0 2.8 266.0 56.0 <0.1 0.06 <0.001 421.0 

EMI-SW Jul-13 8.0 69.7 43.0 27.0 99.0 5.7 79.0 7.7 <0.1 0.04 <0.001 357.0 

GW2-SW Jul-13 8.6 127.0 41.0 47.0 216.0 5.6 211.0 30.0 <0.1 0.07 0.00 428.0 

DAM1 Jul-13 9.0 161.0 35.0 38.0 281.0 4.8 461.0 9.4 0.1 0.04 0.01 127.0 

OP1 Jul-13 8.1 150.0 49.0 42.0 287.0 1.5 240.0 55.0 5.2 0.009 0.03 494.0 

GW3 Jul-13 8.2 233.0 59.0 58.0 425.0 1.8 564.0 19.9 0.1 0.007 0.02 468.0 

SMP32 Jul-13 7.5 1027.0 239.0 222.0 1726.0 10.3 2889.0 65.0   0.003   656.0 

EMBH1 Jul-13 7.5 933.0 241.0 226.0 1479.0 6.9 2485.0 67.0   <0.001   585.0 

SPX1 Jul-13 7.9 667.0 183.0 132.0 1009.0 10.3 1674.0 199.0   <0.001   552.0 

SMP058 Jul-13 8.0 490.0 153.0 116.0 660.0 3.4 1268.0 47.0   0.350   345.0 

SPX072 Jul-13 7.3 161.0 33.0 36.0 239.0 3.4 314.0 28.0   0.001   290.0 

GWP053 Jul-13 7.9 220.0 70.0 48.0 311.0 5.6 446.0 20.0   0.003   399.0 

GWP049 Jul-13 8.1 152.0 25.0 23.0 249.0 2.1 259.0 16.6   0.020   299.0 

GWP023 Jul-13 8.4 154.0 29.0 27.0 260.0 2.2 212.0 18.5   <0.001   422.0 

GWP028 Jul-13 7.9 276.0 95.0 46.0 433.0 2.9 532.0 74.0   0.010   549.0 

OPP35 Jul-13 8.0 230.0 41.0 24.0 406.0 3.5 427.0 40.0   0.010   493.0 

OPP005 Jul-13 7.7 273.0 39.0 26.0 483.0 2.6 561.0 24.0   0.006   538.0 

OPP002 Jul-13 8.2 210.0 35.0 38.0 346.0 0.9 376.0 25.0   0.003   527.0 

OPP013 Jul-13 8.3 558.0 80.0 87.0 980.0 3.5 1283.0 55.0   <0.001   816.0 

Average 8.1 318.3 78.2 67.0 511.6 4.2 736.7 44.7 1.8 0.042 0.016 460.1 

High Range 9.0 1027.0 241.0 226.0 1726.0 10.3 2889.0 199.0 5.2 0.4 0.0 816.0 

Low Range 7.3 69.7 25.0 23.0 99.0 0.9 79.0 7.7 0.1 0.0 0.0 127.0 

    pH EC Ca Mg Na K Cl SO4 NO3 as N Fe Mn   

Class 0 Limits 5 - 9.5 70 80 70 100 25 100 200 6 0.5 0.05   

Class 1 Limits 4.5  - 10 150 150 100 200 50 200 400 10 1 1   

Class 2 Limits 4 - 10.5 370 300 200 400 100 600 600 20 5 5   

Class 3 Limits 3  -- 11 520 >300 400 1000 500 1200 1000 40 10 20   

Class 4 Limits 3 --  11 >520   >400 >1000 >500 >1200 >1000 >40 >10.0 >20   
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Table 2: 2001 water quality sample data 

  

Units 

SAWQG: Domestic use 
SAWQG: Stock 

watering 
SM1 SM2 SM3 SM4 SM6 SM7 SM8 SM9 

 

Average 
Target 
value 

Limit: human 
consumption 

Target value 
  

Total Dissolved Solids mg/l <450 <2400 <3000 2612 1078 3666 1362 2442 2076 3140 3088  2433 

Conductivity mS/cm <70 <375 NA 467 176.8 630 241 463 380 589 561  438 

pH value pH units 6 - 9 <3.5, >10.5 NA 7.86 8.02 7.57 7.76 7.78 7.68 8.09 8.06  8 

Sodium as Na mg/l <100 <400 <2000 357 129 392 376 335 241 436 390  332 

Potassium as K mg/l <50 <100 NA 3.96 1.34 12.3 2.17 3.56 4.41 11.4 7.45  6 

Calcium as Ca mg/l <32 <300 <1000 78 89.6 212 64.8 77.1 75.7 97.2 105  100 

Magnesium as Mg mg/l <30 <200 <500 91.9 77.2 155 52.1 87.8 92.9 141 147  106 

Total Alkalinity as CaCO3 mg/l NA NA NA 844 448 510 456 705 634 668 572  605 

Chloride as Cl mg/l <100 <600 <3000 1110 217 1825 351 1225 830 1425 1595  1072 

Sulphate as SO4 mg/l <200 <600 <1000 14.7 40 24 32 37.3 48 40 45.3  35 

Fluoride as F mg/l <1 <1.5 <6 0.44 0.23 0.1 0.36 0.31 0.28 0.07 0.03  0.23 

Nitrate + Nitrite as N mg/l <6 <20 <100 0.14 23.5 0.5 1.3 0.17 0.34 0.3 0.24  3.31 

Iron as Fe mg/l <0.1 <5 <10 <0.01 <0.01 0.61 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 

Manganese  as Mn mg/l <0.05 <4 <10 0.13 <0.01 0.61 <0.01 0.19 <0.01 0.37 0.26  0.31 

Aluminium as Al mg/l <0.15 NA <5 <0.01 <0.01 0.03 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 

Copper as Cu mg/l <0.5 <2 <1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 

Zinc as Zn mg/l <3 <50 <20 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01  <0.01 

 
 Exceeding the Target Values set for the SAWQG for Domestic Use (DWAF, 1996) 

 Not suitable for human consumption 

TEXT Exceeding the Target Values set for the SAWQG for Live Stock Watering (DWAF, 1996) 
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GLOSSARY 

A confined aquifer is a formation in which the groundwater is isolated from the atmosphere at the point of 

discharge by impermeable geologic formations; confined groundwater is generally subject to a pressure greater 

than atmospheric pressure. 

Advection is the process by which solutes are transported by the bulk motion of the flowing groundwater. 

An unconfined, water-table or phreatic aquifer are different terms used for the same aquifer type, which is 

bounded from below by an impermeable layer. The upper boundary is the water-table, which is in contact with the 

atmosphere so that the system is open. 

Aquifer – A  body of rock, consolidated or unconsolidated, that is sufficiently permeable to conduct groundwater 

and to yield significant quantities of water to wells and springs. 

Aquifuge: An impermeable body of rock which contains no interconnected openings or interstices and therefore 

neither absorbs nor transmits water. 

Compartment – In a slope-aquifer system, an area formed by undulation of the water-table generally conforming 

to an undulation in the overlying topography. The crests of the water-table undulations represent natural 

groundwater divides that, under natural conditions, restrict the movement of groundwater to the boundaries of 

the compartment. 

Cone of Depression – A  depression in the potentiometric surface of a body of groundwater that has the shape of 

an inverted cone and develops around a well/mine shaft/open pit mine from which water is withdrawn. 

Discharge Area – An area in which there is an upward component of hydraulic head in an aquifer. Groundwater 

flows toward the land surface in a discharge area and escapes as a spring, seep, base flow to streams, or by 

evaporation and transpiration. 

Dispersion is the measure of spreading and mixing of chemical constituents in groundwater caused by diffusion and 

mixing due to microscopic variations in velocities within and between pores. 

Drawdown – The decline of the water table or potentiometric surface as a result of withdrawals from wells or 

excavations.  

Effective porosity is the percentage of the bulk volume of a rock or soil that is occupied by interstices that are 

connected. 

Equipotential line – A  line in a two-dimensional groundwater flow field on which the total hydraulic head is the 

same at all points. 

Fault – A  fracture or fracture zone along which there has been displacement of the sides relative to one another 

parallel to the fracture. 

Fracture – A  crack, joint, fault or another form of break in rocks caused by mechanical failure. 

Groundwater table is the surface between the zone of saturation and the zone of aeration; also the surface of an 

unconfined aquifer. 

Heterogeneous indicates non-uniformity in a structure. 

Hydraulic conductivity (K) is the volume of water that will move through a porous medium in unit time under a 

unit hydraulic gradient through a unit area measured perpendicular to the area [L/T]. Hydraulic conductivity is a 

function of permeability and the fluid’s density and viscosity. 

Hydraulic gradient is the rate of change in the total head per unit distance of flow in a given direction. 
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Hydraulic Head – Generally, the altitude of the free surface of a body of water above a given datum. 

Hydrodynamic dispersion  processes of mechanical dispersion and molecular diffusion. 

Interflow – The lateral movement of water in the unsaturated zone during and immediately after precipitation. 

Interflow occurs when the zone above a low permeability horizon becomes saturated and lateral flow is initiated 

parallel to the barrier. 

Joint – A  fracture in rock along which there has been no visible movement.  

Mechanical dispersion is the process whereby a group of pollutants are spread in a longitudinal as well as a 

transverse direction because of velocity distributions. 

Metamorphic Rock – A rock formed at depth in the earth’s crust from pre-existing rocks by mineralogical, chemical 

and structural changes caused by high temperature, pressure and other factors. Examples include slate, schist and 

gneiss. 

Observation borehole is a borehole drilled at a selected location to observe parameters such as water levels. 

Perched Water-Table – The upper surface of a body of unconfined groundwater separated from the main body of 

groundwater by the unsaturated material. 

Permeability is related to hydraulic conductivity, but is independent of the fluid density and viscosity and has the 

dimensions L2. Hydraulic conductivity is therefore used in all the calculations. 

pH is a measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral solutions, increasing 

with increasing alkalinity and decreasing with increasing acidity. 

Piezometric head () is the sum of the elevation and pressure head. An unconfined aquifer has a water-table, and 

a confined aquifer has a piezometric surface, which represents a pressure head. The piezometric head is also 

referred to as the hydraulic head. 

Porosity – The ratio of the aggregate volume of interstices in a rock or soil to its total volume. It is usually stated 

as a percentage. 

Potentiometric Surface – An imaginary surface representing the total head of groundwater and defined by the 

level to which water rises in tightly-cased wells. The water-table is a particular potentiometric surface. 

Pumping tests are conducted to determine aquifer or borehole characteristics. 

Recharge is the addition of water to the zone of saturation through the vadose/unsaturated zone.  

Sandstone is a sedimentary rock composed of abundant rounded or angular fragments of sand set in a fine-grained 

matrix (silt or clay) and more or less firmly united by a cementing material. 

Sedimentary Rock – A  layered rock resulting from the consolidation of sediment deposited by some geologic agent 

such as water, wind, or ice. Typical sedimentary rocks include sandstone, limestone and shale. 

Shale is a fine-grained sedimentary rock formed by the consolidation of clay, silt or mud.  It is characterised by a 

finely laminated structure and is sufficiently indurated so that it will not fall apart on wetting. 

Specific storage (S0), of a saturated confined aquifer, is the volume of water that a unit volume of aquifer releases 

from storage under a unit decline in hydraulic head. In the case of an unconfined (phreatic, water-table) aquifer; 

specific yield is the water that is released or drained from storage per unit decline in the water table. 

Static water level is the level of water in a borehole that is not being affected by the withdrawal of groundwater. 

Storativity is the two-dimensional form of the specific storage and is defined as the specific storage multiplied by 

the saturated aquifer thickness.  
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Total dissolved solids (TDS) is a term that expresses the quantity of dissolved material in a sample of water. 

Transmissivity (T) is the two-dimensional form of hydraulic conductivity and is defined as the hydraulic 

conductivity multiplied by the saturated aquifer thickness. 

Vadose zone is the zone containing water under pressure less than that of the atmosphere, including soil water, 

intermediate vadose water, and capillary water.  This zone is limited above by the land surface and below by the 

surface of the zone of saturation, that is, the water table. 

Water-table is the surface between the vadose zone and the groundwater, that surface of a body of unconfined 

groundwater at which the pressure is equal to that of the atmosphere. 
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EXECUTIVE SUMMARY 

 
GCS (Pty) Ltd was appointed by Tendele (Pty) Ltd to act as an independent groundwater 

consultant to update the numerical groundwater flow and transport model for the Somkhele 

Anthracite Mine on an annual basis. 

This report encompasses the 2017 numerical groundwater and transport model update for 

the Somkhele Anthracite Mine.  

 

Background 

This report is a follow -up on the previous reports and model calibration processes completed 

during the period of 2008-2016. The report is based to a description of the design and 

application of the 2016/2017 Somkhele Anthracite Mine regional groundwater model and the 

methods that were applied to calibrate the model. 

To simplify the presentation of the numerical groundwater mass transport model a 

description of sulphate transport across the groundwater management areas were supplied.  

Sulphate was selected because of its direct relation to coal mining and act as a sufficient 

indicator element to illustrate the potential and current status of the zone of influence of 

the mine. 

 The plume presentation indicates a 200 mg/l and 1000 mg/l sulphate plume contour 

line, which was applied to demarcate the zones off influence.    

 The 200 mg/l and 1000 mg/l zones represent the 1996 Department of Water Affairs 

and Forestry (DWAF) Target Water Quality Range for Domestic Use and Livestock 

Watering, respectively.  

 These guidelines are not intended to be used for environmental compliance but 

merely as a benchmark value, as a means of contextualising the results. 

 The transport simulation of metals and other elements were not included. 

 

Numerical Model Update 

 The steady-state model was successfully updated and converted into the transient 

state. The model parameters updated were as follows: 

o The model grid was refined to add more transport and flow cells to mining 

Area 9 and sections of Area 8. This was done to ensure that the mathematical 

engines have sufficient nodes to calculate head changes and transport 

diffusion from sources. 
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o Groundwater recharge (Re %) was changed from 15 (3 %) to 13.7 (2.8 %) 

mm/year. The chlorine method was used to estimate the average recharge 

from the nearest rainfall station W3E003. 

 Groundwater level data for more than 72 observation points within the Somkhele area 

were successfully applied to the numerical flow model.  

o Groundwater quality data (specifically sulphate) for 32 monitoring boreholes  

were successfully applied to the model and was updated with the 2017 

monitoring data. 

o Static and kinetic geochemical data were used to assign apparent maximum 

sulphate loads to the model.  

 The conceptual groundwater model and understanding of the aquifer was successfully 

updated through available monitoring data.  

 

Model Outcome 

Generally aquifer flow is limited within the Somkhele region with low to very low hydraulic 

conductivities and secondary porosity for the shallow and deeper fractured rock aquifer.  

Migration of sulphate tend to be very slow and normally isolated to the identified sources.  

The following summary per mine region can be made: 

 The Area 1 Zone of Influence (ZOI) is localised and in close proximity to the open cast 

pits. Simulated sulphate plumes do not intercept the Umfolozi River or floodplain and 

supporting monitoring data suggests that the mining impact on the Umfolozi River is 

insignificant. 

 The Area 2 ZOI is localized to Pit A, Pit BDE, the beneficiation area, rock dumps, 

discard dump and Pollution Control Dams (PCD’s). Monitoring data used to calibrate 

the model suggests that water quality localised to the above-mentioned areas are 

poor. 

 The Area 8 and 9 ZOI is restricted to the active mining area and associated rock dumps. 

Monitoring data from boreholes in this area indicates that mining has had no significant 

impact in this area. 

 In terms of the source-pathway-receptor principle the following is noted: 

o No mining impact is noted on the Umfolozi River or other drainage streams 

in the area. The streams in Area 2, 8 and 9 are generally dry with very little 

quality data available.  
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o No groundwater users exists within the mining areas, other than the mine. 

Residents near the mine were relocated before mining started in the various 

areas. Hence no quantity or quality impact on water users exists. 

o A mining impact, in terms of water quality, is only noted for Mnynge Dam 1 

and Mnynge Dam 2 situated in Area 2. 

 

Model Confidence 

 According to Guiding Principle 2.3 and 2.4 in the Australian groundwater modelling 

guidelines (Barnett et al., 2012) the degree of confidence of the groundwater flow 

and transport model was evaluated.  

o The flow and transport model is assigned a Class 2 confidence level. Class 2 

models are suitable for assessing higher risk developments in higher-value 

aquifers (i.e. major aquifers contributing solely to groundwater supply etc.). 

o It is fair to conclude that the Class 2 model can be regarded as a true 

representation of the actual aquifer conditions and that the calibrated zone 

of influence for the Somkhele Mining Areas was successfully simulated and 

presented in this report. 

 
Recommendations 

The following recommendations are made to further improve future modelling endeavours: 

 It is recommended that borehole SBH8 (Area 1), SM7 (Area 2 and 9), SMA2-BH14 and 

SMA2-BH16 (Area 2) be re-drilled ( or a borehole be drilled near the old one) to 

continue with water monitoring in these areas. These boreholes were either 

vandalised, collapsed or destroyed by mining activities. 

 Any groundwater inflow observed flowing into the opencast workings should be 

logged and reported. Groundwater inflow data will help determine pit flooding risk 

and regional de-watering trends.  

 Groundwater abstraction rates and water levels of the Umfolozi River abstraction 

boreholes should be logged monthly. The data can be used to determine aquifer 

sustainability. 

 The numerical model should be updated annually with updated mine plans and waste 

disposal practices to ensure that there are no gaps in the monitoring network. 
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 Geochemical rock samples need to be taken on a bi-annual basis to confirm the 

geochemical conditions of the rock mined in the active mining areas. The 

geochemical data will further help to determine if acid drainage or saline drainage 

is likely to occur. 

 

 

 



Tendele Coal Mining (Pty) Ltd Somkhele Numerical Groundwater Model: Update 2017 

17-0045 20 March 2018 Page xii 

CONTENTS PAGE 

1 INTRODUCTION  .............................................................................................................................................15 

1.1 OBJECTIVES ................................................................................................................................................15 
1.2 APPROACH .................................................................................................................................................15 
1.3 SCOPE OF WORK ........................................................................................................................................15 

2 AREA OF INVESTIGATION  ............................................................................................................................16 

3 MONITORING NETWORK STATUS..............................................................................................................17 

3.1 WATER QUALITY.........................................................................................................................................17 
3.1.1 Pre-Mining Water Quality ...........................................................................................................17 
3.1.2 Groundwater quality evolution in Area 1, 2, 8 and 9 .............................................................20 

4 NUMERICAL MODEL  .....................................................................................................................................24 

4.2 MODEL CONFIDENCE LEVEL CLASSIFICATION ................................................................................................26 
4.4 OBJECTIVE OF THE MODEL ..........................................................................................................................27 
4.5 GOVERNING EQUATIONS .............................................................................................................................27 
4.6 MODEL SOFTWARE PACKAGE ......................................................................................................................28 
4.7 BOUNDARY CONDITIONS .............................................................................................................................28 
4.8 UPDATING THE FINITE DIFFERENCE GRID .....................................................................................................28 
4.9 VERTICAL DISCRETIZATION ..........................................................................................................................29 
4.10 TIME DISCRETIZATION .................................................................................................................................29 
4.12 INPUT PARAMETERS / INITIAL MODEL CONDITIONS......................................................................................31 

4.12.1 Aquifer Hydraulic Conductivity  ..................................................................................................31 
4.12.2 Initial Conditions...........................................................................................................................32 

4.13 MODEL CALIBRATION..................................................................................................................................33 
4.13.1 Calibration Targets.......................................................................................................................33 
4.13.2 Model sensitivity ...........................................................................................................................34 

5 CALIBRATED MODELS ...................................................................................................................................36 

5.1 CALIBRATED FLOW MODEL .........................................................................................................................36 
5.2 CALIBRATED SULPHATE PLUMES ..................................................................................................................36 
5.3 ESTIMATED DEWATERING ZONE - ACTIVE MINING AREAS  .............................................................................36 

6 CONCLUSIONS ................................................................................................................................................38 

6.1 RECOMMENDATIONS ..................................................................................................................................38 

7 REFERENCES....................................................................................................................................................39 

 

 

LIST OF FIGURES 

Figure 3-1: Pre-mining water quality - Piper Plot ...............................................19 
Figure 3-2: Generic Piper classification (Image Retrieved from Google Images) ............19 
Figure 3-3: Macro constituents - comparison of pre-mining WQ vs current WQ (Averages 
Used) ............................................................................................21 
Figure 3-4: Microconstituents - comparison of pre-mining WQ vs current WQ (Averages Used)
 ............................................................................................21 
Figure 4-1: Numerical Modelling Process..........................................................26 
Figure 4-2: Hydraulic conductivities for predominantly occurring hydrogeology in the 
study area (2008 to 2017 data)  .......................................................................31 
Figure 4-3: Steady state flow model calibration achieved .....................................33 
Figure 4-4: Transient state flow model calibration achieved (2017)  ..........................34 
Figure 4-5: Sulphate plume calibration achieved (2017)  .......................................34 
Figure 7-1: Somkhele Area 1 - Monitoring Network..............................................40 
Figure 7-2: Somkhele Area 2, 8 and 9 - Monitoring Network ...................................41 



Tendele Coal Mining (Pty) Ltd Somkhele Numerical Groundwater Model: Update 2017 

17-0045 20 March 2018 Page xiii 

Figure 7-3: Composite Sensitivity vs Iteration Number .........................................43 
Figure 7-4: Jacobian weighted sensitivity ........................................................44 
Figure 7-5: Calibrated Residuals Histogram ......................................................45 
Figure 7-6: Groundwater Model Boundaries  ......................................................46 
Figure 7-7: Calibrated Flow Model .................................................................47 
Figure 7-8: Calibrated Zone of Influence - Mining Area 1.......................................48 
Figure 7-9: Calibrated Zone of Influence - Mining Are 2, Area 8 and Area 9 .................49 
Figure 7-10: Estimated Mine Dewatering Zone - Area 1 .......................................50 
Figure 7-11: Estimated Dewatering Zone - Area 2, Area 8 and Area 9  .......................51 

 

 

LIST OF TABLES 

Table 3-1: Pre-mining water quality (2001 to 2013 data) ......................................18 
Table 3-2: Typical groundwater quality in Area 1, Area 2, Area 8 and Area 9  ..............22 
Table 4-1: Summary of the target water quality range as per the DWAF 1996 guideline 
document ............................................................................................25 
Table 4-2: Identification of the real-world boundaries and the adopted model boundary 
conditions ............................................................................................28 
Table 4-3: Somkhele Anthracite Colliery - Mine schedule and model time ..................30 
Table 4-4: Initial parameters to the flow model ................................................32 

 

 

LIST OF APPENDICES 

APPENDIX A: SITE LOCALITY AND MONITORING NETWORK ..................................................................40 

APPENDIX B: SOMKHELE HYDROCHEMISTRY ............................................................................................42 

APPENDIX C: SENSITIVITY ANALYSES AND PEST ESTIMATION ...............................................................43 

APPENDIX C: NUMERICAL MODEL  ...............................................................................................................46 
 

  



Tendele Coal Mining (Pty) Ltd Somkhele Numerical Groundwater Model: Update 2017 

17-0045 20 March 2018 Page xiv 

DISCLAIMER 

The opinions expressed in this Report have been based on the information supplied to GCS 

Water and Environment (Pty) Ltd (GCS) by Tendele Coal (Pty) Ltd, historical specialist studies 

undertaken by GCS and data extracted from the Somkhele Water Monitoring Database and 

Reports. The opinions in this Report are provided in response to a specific request from 

Tendele Coal to do so. 

GCS has exercised all due care in reviewing the supplied information. Whilst GCS has 

compared key supplied data with expected values, the accuracy of the results and conclusions  

are entirely reliant on the accuracy and completeness of the supplied data. GCS does not 

accept responsibility for any errors or omissions in the supplied information and does not 

accept any consequential liability arising from commercial decisions or actions resulting from 

them.  

Opinions presented in this report, apply to the site conditions and features as they existed at 

the time of GCS’s investigations, and those reasonably foreseeable. These opinions do not 

necessarily apply to conditions and features that may arise after the date of this Report, 

about which GCS had no prior knowledge nor had the opportunity to evaluate. 
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1 INTRODUCTION 

GCS (Pty) Ltd was appointed by Tendele Coal Mining (Pty) Ltd (Tendele) to act as an 

independent groundwater consultant to update the numerical groundwater flow and transport 

model for the Somkhele Anthracite Colliery (Somkhele) on an annual basis. 

This report encompasses the 2017 numerical groundwater flow and transport model update 

for Somkhele.  

 

1.1 Objectives 

The groundwater model was developed to more fully characterise the groundwater flow 

systems in the model area, and to determine the fate and transport of constituents of concern 

in the groundwater. Moreover, the model was used determine and to confirm the risk on any 

receivers like community boreholes and potential salt loads to rivers and streams  

The groundwater model will be used to support the evaluation of site closure options and 

groundwater management at Somkhele. 

 

1.2 Approach 

Groundwater Modelling is an efficient tool for groundwater management and remediation.  

Models are a simplification of reality to investigate certain phenomena or to predict future 

behaviour. The challenge is to simplify reality in a way that does not adversely influence the 

accuracy and ability of the model output to meet the intended objectives.  

A logical and holistic approach was adopted to update the numerical groundwater flow and 

mass transport model. The Department of Water Affairs and Forestry (DWAF, 2008) Best 

Practice Guidelines for Impact Prediction (G4) outlines three basic components of 

hydrogeological risk, i.e. the source of the risk (source term), the pathway along which the 

risk propagates (pathway), and finally the target that experiences the risk (receptor).  

Subsequently, the Australian Groundwater Modelling Guidelines (Barnett et al., 2012) was 

considered to ensure that the numerical model adheres to international norms and standards.  

 

1.3 Scope of Work 

The scope of work completed was as follows: 

1. Data Review: 

a. All available groundwater monitoring data, groundwater studies, geophysical 

studies and geotechnical studies relating to the site were reviewed. Data were 

extracted from the reports to establish groundwater quality and quantity 

conditions. Subsequently, data were assimilated for the numerical 

application. 

2. Update Hydrogeological and Geological Conceptual model: 
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a. The hydrogeological and geological site conceptual model was updated with 

hydrogeology data for 2017. 

3. Groundwater Numerical Flow and Transport Modelling: 

a. The numerical model grid was refined and calibrated to a pre-mining steady 

state scenario with all the available data gathered. The steady-state model 

was applied in transient state mode to enable scenario modelling.  

b. The steady state model helped to identify potential impacts regarding:  

i. Dewatering of the aquifer due to underground workings; 

ii. Flooding potential and risk of the underground workings;  

iii. Decant water quantity and quality (if decant occurs); and 

iv. Source term impact from the opencast workings and other surface 

sources (such as the slurry ponds, opencast areas, overburden dumps 

and discard dump). 

c. The following model scenarios were simulated: 

i. Simulate the anticipated aquifer drawdown for the 2017 - 2018 mining 

period. 

ii. Simulate the temporal and spatial extent of the mining area’s zone of 

influence for the: 

1. Operational phase (current setting) - Calibrated plume for 

2017-2018 period. 

4. Reporting: 

a. Write-up of all technical data and model scenarios. 

 

2 AREA OF INVESTIGATION 

The Somkhele Anthracite Colliery is located in the catchment of the KwaLuhlanga River, which 

is an ephemeral tributary of the Umfolozi River. 

There are four mining Area’s at Somkhele, namely mining Area 1, Area 2, Area 8 and Area 9 

(refer to Figure 7-1 and Figure 7-2 in Appendix A). 

 Area 1 is situated to the south of the coal beneficiation area, towards the Umfolozi 

River; 

 Area 2 is situated in the northern part of the operational mining area and 

 Area 8 and Area 9 are situated adjacent to Area 2, along the eastern boundary of the 

beneficiation area. 
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Most of the mine surface infrastructure can be found in Area 2 which includes three 

beneficiation plants, discard dump, slurry ponds, offices, workshops, etc.  

Limited surface infrastructure is located in Area 1, Area 8 and Area 9 which are operational 

mining areas. Area 2 has been mined out with certain pit voids being utilised for slurry or 

discard disposal. 

 

3 MONITORING NETWORK STATUS 

The Somkhele monitoring network currently 32 functional groundwater monitoring points and 

12 surface water monitoring points. The locations of the monitoring points are shown in Figure 

7-1 and Figure 7-2 (Appendix A).  

 

3.1 Water Quality 

The following section supplies a brief overview of the general hydrochemical conditions for 

Somkhele mining areas. Data in this section were extracted from the water quality database 

maintained by GCS. This section aims to quantify and illustrate mine water impacts vs ambient 

water quality conditions.  

Quality data was used to apply constant concentration boundaries to the model domain for 

sources identified in the various mining areas. Small changes were then made to the constant 

concentration assigned at the source, until a calibrated salt load which correlates to the latest 

water quality data or model calibration time was achieved. 

 
3.1.1 Pre-Mining Water Quality 

GCS sampled boreholes drilled in the Somkhele area in 2001 to 2013 before mining started in 

some of the areas. It is anticipated that the data for these boreholes represent and 

characterise the ambient pre-mining groundwater quality of the aquifer system.  

The ambient hydrochemistry ranges are summarised in Table 3-1, below. Detailed 

hydrochemistry data is available in Appendix B.  

From the pre-mining hydrochemistry data reviewed, the following can be said: 

 The groundwater generally exhibits neutral pH conditions. 

 On average the electrical conductivity (EC), total dissolved solids (TDS), dissolved 

calcium (Ca), dissolved magnesium (Mg), dissolved sodium (Na), dissolved chloride 

(Cl) and dissolved manganese (Mn) plots above DWAF (1996) ideal water quality 

ranges for potable water use.  

 On average dissolved sulphate (SO4) and dissolved nitrate (NO3), which are 

typically associated with pollution from South African coal mines (INAP, 2017), 

generally plot well within DWAF (1996) ideal water quality ranges for potable 

water use. 
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 A piper diagram for the groundwater hydrochemistry is shown in Figure 3-1. Figure 

3-2 shows a generic piper classification diagram. The following summarises the 

piper interpretation: 

o It can be seen that the sample spread plots near the right corner of the 

left and right ternary diagram, respectively. Hence, the majority of the 

samples plot towards the mid-right centre of the diamond. 

o The data suggest that the ions in the groundwater fluctuate due to 

different geological occurrences which influence chemical weathering of 

the aquifer rock. However, bicarbonate (HCO3
-), sodium (Na+), magnesium 

(Mg2+). Calcium (Ca2+) and chloride (Cl-) appears to be the dominant ions, 

and sulphate (SO4
2-) and potassium (K+) are the lesser ions.  

o The water can be classified as alkali-carbonate dominant as well as 

predominantly saline. The data suggest that groundwater encountered in 

the area is old and that significant ion-exchange reactions between the 

host rock and groundwater have taken place. 

 
Table 3-1: Pre-mining water quality (2001 to 2013 data) 

Constituent Quality Range Average 
DWAF 1996: Ideal Water 

Quality Range 

pH 
7.1 - 8.1 7.76 6 - 9 

EC mS/m 
176.8 - 1057 533.22 0 - 70 

TDS mg/l 1078 - 6342 3052.00 0 - 450 

Ca mg/l 64.8 - 219 119.95 0 - 32 

Mg mg/l 
52.1 - 175 114.92 0 - 30 

Na mg/l 
129 - 1989 635.54 0 - 100 

K mg/l 
1.34 - 12.3 6.49 0 - 50 

MALK mg/l 448 - 844 604.63 ns 

Cl mg/l 217 - 3612 1386.85 0 - 100 

SO4 mg/l 
14.7 - 220 76.87 0 - 200 

NO3-N mg/l 
0.14 - 23.5 3.65 0 - 6 

F mg/l 
0.03 - 0.44 0.23 0 - 1 

Al mg/l 0.03 - 0.03 0.03 0 - 0.15 

Fe mg/l 0.001 - 0.61 0.12 0 - 0.1 

Mn mg/l 
0.05 - 0.61 0.29 0 - 0.05 

Cu mg/l <0.01 <0.01 0 - 1 

Zn mg/l <0.01 <0.01 0 - 3 
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Figure 3-1: Pre-mining water quality - Piper Plot 

 

 
Figure 3-2: Generic Piper classification (Image Retrieved from Google Images) 
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3.1.2 Groundwater quality evolution in Area 1, 2, 8 and 9 

Table 3-2 lists the general water quality ranges for monitoring boreholes situated at the 

Somkhele Anthracite Colliery Area 1, Area 2, Area 8 and Area 9.  

Data for 2008, 2012, 2015, 2016 and 2017 is discussed in this section to illustrate the 

hydrochemical evolution of the site; and how dissolved Fe and SO4 typically relates to pollution 

at the mine (i.e. the aforementioned is noted to be high in a borehole drilled close to waste 

disposal or coal handling facilities).  

From the groundwater hydrochemistry data reviewed, the following can be said: 

 The groundwater boreholes situated on-site; and downstream of the various 

processing plants, stockpiles and opencast workings exhibit neutral to basic pH 

conditions. 

 Boreholes in Area1, Area 2, Area 8 and Area 9 exhibit high dissolved calcium (Ca), 

dissolved magnesium (Mg), dissolved sodium (Na), dissolved chloride (Cl), 

dissolved iron (Fe) and dissolved manganese (Mn) above DWAF (1996) ideal water 

quality ranges for potable water use (refer to Table 3-2). 

 From the data reviewed it is clear that SO4 is the major indicator of pollution at 

the Somkhele Anthracite Colliery.  

o SO4 is elevated in Area 2, where coal stockpiles and backfilling has taken 

place, compared to pre-mining data (refer to Figure 3-3 and Figure 3-4). 
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Figure 3-3: Macro constituents - comparison of pre-mining WQ vs current WQ (Averages 
Used) 
 

 
Figure 3-4: Microconstituents - comparison of pre-mining WQ vs current WQ (Averages 

Used) 
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Table 3-2: Typical groundwater quality in Area 1, Area 2, Area 8 and Area 9  

Constituent 
Quality Range 

(2008) 
Average 

(2008) 
Quality Range 

(2012) 
Average 
(2012) 

Quality Range 
(2015) 

Average 
(2015) 

Quality Range 
(2016) 

Average 
(2016) 

Quality Range 
(2017) 

Average 
(2017) 

DWAF 1996: Ideal Water 
Quality Range 

pH 6.93 - 7.2 7.1 6.8 - 8.5 7.5 6.5 - 8.6 7.6 6.7 - 9 7.4 6.7 - 8.62 7.5 6 - 9 

EC mS/m 117.1 - 1033 511.6 118 - 865 322.4 249.3 - 1134 472.6 217 - 940 498.6 82.6 - 929 519.0 0 - 70 

TDS No Data No Data No Data No Data 4.87 - 12615 3241.2 1484 - 5196 2904.6 619.9 - 5916 3073.0 0 - 450 

Ca mg/l 62 - 295 154.0 13.6 - 223 76.9 22.3 - 325.7 116.8 8.7 - 339 111.0 10 - 230.5 87.0 0 - 32 

Mg mg/l 40 - 231 140.4 5.8 - 221 91.6 34.85 - 433.5 120.3 30 - 254 89.6 4.8 - 216.547 71.9 0 - 30 

Na mg/l 169 - 1560 750.6 120 - 1336 526.5 335.5 - 1998 900.9 325 - 1810 886.5 70.6 - 1940 895.3 0 - 100 

K mg/l No Data No Data 0.64 - 9 3.3 1.2 - 21.8 8.8 1.2 - 30 7.9 0.7 - 18 7.6 0 - 50 

Cl mg/l 140 - 3200 1354.0 76 - 2500 607.1 283 - 3278 1187.8 100 - 3420 1116.3 45.9 - 2560 1202.1 0 - 100 

SO4 mg/l 17 - 83 52.8 0.5 - 930 290.3 1.11 - 2468 490.5 4.77 - 2720 505.3 0.12 - 1375.9 213.9 0 - 200 

NO3 mg/l No Data No Data No Data No Data 0 - 56 6.2 0.18 - 8.6 2.3 0.1 - 16 3.3 0 - 6 

HCO3 mg/l No Data No Data 24 - 1300 571.0 120 - 910 497.1 107 - 1077 487.0 208.6 - 2165.5 692.7 ns 

Fe mg/l 0 - 0.22 0.1 0.001 - 24 8.0 0 - 6.4 0.8 0.007 - 1.9 0.4 0.02 - 2.0 0.3 0 - 0.1 

Mn mg/l 0.07 - 0.74 0.2 0.001 - 0.88 0.3 0.008 - 5.1 0.4 0.004 - 3.2 0.4 0.01 - 3 0.3 0 - 0.05 

Al mg/l No Data No Data 0.003 - 0.1 0.1 0 - 0.7 0.1 0.001 - 0.037 0.01 0.003 - 0.9 0.1 0 - 0.15 

MALK mg/l 850 - 1470 No Data No Data No Data 300 - 1010 628.6 92 - 933 476.2 171 - 1775 569.2 ns 

CO3 mg/l No Data No Data No Data No Data 40 - 440 183.8 15 - 84 58.6 102.6 - 395.5 281.9 ns 

Min, Max  and Aver age values for  bor eholes SBH3, SBH6, SBH7, SBH8, SBH9, SBH10a, ABH10b, SBH11, SBH12, SBH13, GC-BH1, GC-BH2, GC-BH3, GC-BH4, GC-BH5, SM7, SMA2-BH11, SMA2-BH12, SMA2-BH13, SMA2-BH14, SMA2-

BH16, SWX1, SWX3, A9.BH1, A9.BH2, A9.BH3, SPX10, QNP019, KQP59, GCS06 and KQP76 wer e used for  the data r ange chosen  
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3.2 Geochemical Test Work 

GCS has previously conducted various Acid-Base Accounting (ABA), Net-Acid Generation (NAG), 

X-Ray Diffraction (XRD), X-Ray Fluorescence (XRF), static leach and kinetic leach tests on coal, 

slurry, discard and overburden (shale, sandstone and siltstone) material samples retrieved 

from the Somkhele Anthracite mining areas. The test work was conducted over a period 

stretching from 2002 to 2016.  

The geochemical test work results are briefly recorded in this section. Data were extracted 

from previous GCS reports. The complete geochemical test work data can be made 

available upon request. 

The following supplies a summary of the data available (2002-2016):  

 The various ABA parameters and indicators suggest alkaline water emanating from the 

overburden dumps (pH values ranging from 7 to 8). 

 Carbonaceous shale has high acid generation potential. This was supported by the pH 

results, before oxidation of rock samples and after final oxidation. 

 Discard samples indicated that 50% of the samples show likely acid potential and 50% 

showed low probability acid potential. 

 Slurry samples indicated that 42% of the samples show likely acid potential, 29% 

showed low probability acid potential and 29% remained in the “uncertain” 

classification bracket. 

 Discard material has a low neutralization potential. 

 Slurry material has a medium neutralisation potential. 

 
2015 - 2016 Co-Disposal Test Work 

Recently (2015-2016) a series of kinetic column leach tests were conducted to determine if 

the waste, in various ratios, have the potential to cause AMD. The overall result of the tests 

conducted indicates the following: 

 Both discard and slurry wastes show a low probability of AMD.  

 The test results revealed that saline drainage (SD) takes places.1 

 Course (1-150 mm) discard material on its own indicated long-term SD potential. 

 Fine (<15 mm) discard material on its own indicated short-midterm SD potential. 

 Slurry material on its own indicated short-term SD potential. 

                                                 
1 Saline drainage: alkaline pH, high dissolved salt concentrations, low dissolved metal concentrations. 
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 Discard and slurry co-disposed in different ratios (1:1, 1:2, 1:3 and 1:4) effectively 

reduces the production of soluble salts and decreases the long-term SD potential 

exponentially. 

Important to note: pH level will mostly be neutral-alkaline, and SD limited to certain zones. 

To date, no AMD is observed from any groundwater monitoring boreholes at the Somkhele.  

 
 

4 NUMERICAL MODEL 

The numerical groundwater model aims to describe the mining zone of influence (ZOI) across 

the groundwater management areas within the active Somkhele Mining Areas ; and to calculate 

any potential salt loads to the environment. The ZOI presentations from the model calibration 

process are as follows: 

 Sulphate (SO4) was used to calibrate the transport model for it is commonly associated 

with Acid Mine Drainage (AMD) and Saline Mine Drainage (SMD) occurrences at coal 

mines (INAP, 2017). Based on geochemical test work conducted as Somkhele, SO4 

correlates well to the waste rock as well as natural oxidation of minerals in the area. 

 The plume presentation indicates a 200 mg/l and 1000 mg/l sulphate plume contour 

line.  

o The above mentioned was applied to demarcate contaminated groundwater 

zones.  

o The 200 mg/l and 1000 mg/l zones represent the 1996 DWAF Target Water 

Quality Range for Domestic Use (DWAF, 1996a) and Livestock Watering 

(DWAF, 1996b), respectively.  

o These guidelines are not intended to be used for environmental compliance 

and are used only as a benchmark value, as a means of contextualising the 

results.  

o Table 4-1 lists the target water quality range for sulphate as per the DWAF 

1996 guideline document. 

 The numerical model was updated with the latest hydrochemistry and 

hydrogeological information available for the Somkhele mining areas.  
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Table 4-1: Summary of the target water quality range as per the DWAF 1996 guideline 
document 

System Target Water Quality Range - SO4 (mg/l) 

Aquatic Ecosystems N/A 

Domestic Human Consumption 

0-200 

Recreation Full Contact Intermediate Contact 

NA NA 

Industry Category 1 Category 2 Category 3 Category 4 

0-30 0-80 0-200 0-500 

Agriculture Livestock Watering Irrigation Agriculture 

0-1000 N/A N/A 

 
 

4.1 Uncertainty in model simulations 

There are uncertainties in the groundwater flow field simulated by a numerical model.  The 

model uncertainties are as follows: 

 It is assumed that the recharge into the aquifer has not changed significantly since 

mining began.  

 The transport model is based on the maximum leachable sulphate load for the waste 

material deposited.  

o Geochemical kinetic leach test conducted in 2014-2017 revealed average 

maximum sulphate concentration values ranging from 200 mg/l to                    

2 200 mg/l.  

o These values were used as a base case, and inverse modelling was applied to 

the study area to produce a sulphate plume which correlates to the sulphate 

concentrations observed at the surrounding monitoring boreholes. 
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4.2 Model Confidence Level Classification 

The Australian Groundwater Modelling Guidelines (Waterlines, 2012) refer to the following 

two principles that were followed in the numerical calibration process. 

 Guiding Principle 2.3:  

o A target model confidence level classification should be agreed and 

documented at an early stage of the project to help clarify expectations. The 

classification can be estimated from a semi-quantitative assessment of the 

available data on which the model is based (both for conceptualisation and 

calibration), the manner in which the model is calibrated and how the 

predictions are formulated.  

 Guiding Principle 2.4: 

o The initial assessment of the confidence level classification should be revisited 

at later stages of the project, as many of the issues that influence the 

classification will not be known at the model planning stage. 

 

4.3 Model Update Process 

The modelling update processes followed is indicated by Figure 4-1. 

 

Figure 4-1: Numerical Modelling Process 
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4.4 Objective of the Model 

Scenario modelling is typically used to run future scenarios on varying changes in the natural 

environment or anthropogenic inputs. The potential scenarios to be simulated using the 

Somkhele regional model include the following: 

 Groundwater drawdown; and 

 The extent of groundwater contamination from both the mine workings  and the 

surface infrastructure in all the mining areas. 

 

4.5 Governing Equations 

The numerical model used in this modelling study was based on the conceptual model 

developed from the findings of the desktop and the baseline investigations. The simulation 

model simulates groundwater flow based on a three-dimensional cell-centred grid and may be 

described by the following partial differential equation: 

(1)   

where:  

 Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, y, and z coordinate 

axes, which are assumed to be parallel to the major axes of hydraulic conductivity 

(L/T); 

 h is the potentiometric head (L); 

 W is a volumetric flux per unit volume representing sources and sinks of water,  

with:  

 W < 0.0 for flow out of the ground-water system, and W>0.0 for flow in (T-1); 

 Ss is the specific storage of the porous material (L-1); and 

 t is time (T). 

 

Equation 1, when combined with boundary and initial conditions, describes transient three-

dimensional ground-water flow in a heterogeneous and anisotropic medium, provided that the 

principal axes of hydraulic conductivity are aligned with the coordinate directions (Harbaugh 

et al. 2000).  
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4.6 Model Software Package 

The numerical model for the project was constructed using Visual Modflow, 2014.1 Pro, Build 

4.6.0.168, a pre- and post- processing package for the modelling code MODFLOW.  

MODFLOW is a modular three-dimensional groundwater flow model developed by the United 

States Geological Survey (Harbaugh et al., 2000). MODFLOW uses 3D finite difference 

discretisation and flow codes to solve the governing equations of groundwater flow. 

 

4.7 Boundary Conditions 

Boundary conditions express the way in which the considered domain interacts with its 

environment. In other words, they express the conditions of known water flux, or known 

variables, such as the hydraulic head.  

Local hydraulic boundaries were identified for Model boundaries. They were represented by 

local watershed boundaries, topographical highs, constant head and general head and 

delineated the entire model domain. These hydraulic boundaries were selected far enough 

from the area of investigation to not influence the numerical Model behaviour artificially.  

The Model boundaries and model grid are shown in Figure 7-6 (Appendix C). Table 4-2 provides 

a summary of the boundaries, boundary descriptions and boundary conditions specified in the 

hydrogeological model. 

 
Table 4-2: Identification of the real-world boundaries and the adopted model 

boundary conditions 

Boundary Boundary Description Boundary Condition 

Top Top surface of water table 
Mixed type: River cells for main rivers; drains for non-
perennial streams. Recharge is constant for the model 

area. Recharge flux is applied to the highest active cell. 

North No-flow boundary and River Topographical high and streams/drain 

East No-flow boundary Topographical high/low/drain 

South No-flow boundary and River Umfolozi River /River 

West No-flow boundary Topographical low and streams. 

 
 

4.8 Updating the Finite Difference Grid 

Updating of the finite difference grid using the Visual Modflow graphic user interface 

facilitated the construction of a rectangular horizontal grid, as well as vertical geometry 

provided for each of the layers.  
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The grid consists of 5 layers. The positions of the different geological boundaries are 

incorporated in the modelling grid. A grid refinement of 12-25m x 12-25m cells around the 

Somkhele mining areas with gradually coarser grid cell sizes away from the mining areas (refer 

to Figure 7-6 in Appendix C). This is standard practice and does not influence the accuracy of 

the results obtained. 

 

4.9 Vertical Discretization 

Along the vertical direction, the steady state hydrogeological model is structured in 5 model 

layers (refer to Figure 7-6 in Appendix C). The layer positions were selected to best 

incorporate the conceptual model and to allow for accurate horizontal and vertical 

groundwater flow in the model. The following layers were defined: 

 Layer 1 and 2:  

o Weathered Karoo layer (15 to 30 m thickness) and upper fractured Karoo with 

coal seams (50 m thickness);  

 Layer 3 and 4: 

o Coal seam and fractured Karoo 

 Layer 5: 

o Lower fractured Karoo and Pre-Karoo (basement aquifer rock) 

 

4.10 Time Discretization 

The steady-state groundwater flow model was used for sensitivity analysis. For the purpose of 

simulation of groundwater inflows into the mine, the transient simulation was discretised into 

stress periods of 4 months length. 

 

4.11 Mine Schedule and Model Time 

The mine schedule and transient state model time for the Somkhele Mine is presented in Table 

4-3. 
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Table 4-3: Somkhele Anthracite Colliery - Mine schedule and model time 

Year  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 

Time in Year s 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 

Time in days 0 365 730 1095 1460 1825 2190 2555 2920 3285 3650 4015 4380 4745 5110 5475 5840 6205 6570 6935 7300 7665 8030 8395 8760 9125 9490 9855 10220 10585 10950 11315 11680 12045 12410 

Ar ea 2 Pit A                                                                       

Ar ea 2 Pit C + 

B 
                                                                      

Ar ea 2 Pit D 
+ E 

                                                                      

Nor th Pit 1                                                                       

Nor th Pit 2                                                                       

South Pit                                                                       

Lulanga                                                                       

Kwaqubuka                                                                       

Emelahleni                                                                       

Ophondweni                                                                       

Gwabalanda                                                                       

Qubuka N                                                                       

Mahunjini                                                                       

Mvutshini                                                                       

Tholokhule                                                                       

Under gr ound                                                                       

Final Closur e                                                                       
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4.12 Input Parameters / Initial Model Conditions 

Model input parameters for the flow model are divided into two groups:  

1. Hydrogeological parameters (hydraulic conductivity, recharge and aquifer storage); 

and 

2. Initial conditions. 

 
4.12.1 Aquifer Hydraulic Conductivity 

The initial estimates for the hydraulic properties were assigned based on the aquifer test 

results (conducted on numerous boreholes from 2008 to 2017) at the Somkhele Anthracite 

Colliery. These hydraulic conductivity values are assigned to geological layers in the model 

area. Figure 4-2 illustrates the hydraulic conductivity ranges for aquifer rock typically 

encountered at the Somkhele Anthracite Mine.  

 

 

Figure 4-2: Hydraulic conductivities for predominantly occurring hydrogeology in the 

study area (2008 to 2017 data) 
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4.12.2 Initial Conditions 

The initial head conditions, specified in the steady-state model, were estimated from 

topography. Initial transient model heads were derived from the steady-state model results.  

Two to three percent (2.8 - 3 %) recharge of average annual rainfall was applied, which is 

approximately 13-20 mm/annum (based on the Cl-recharge method). Due to the anticipated 

homogeneous nature of the geology in the study area, similar parameter values were assigned 

to the entire model domain. The initial estimates were used for a combination of PEST2 and 

manual calibration. 

Table 4-4 summarises the input parameters used in the steady-state and transient state flow 

models. 

 

Table 4-4: Initial parameters to the flow model 
Parameter Value used 

Horizontal Hydraulic conductivity (Kxy) 0.005 to 0.2 m/day 

Vertical Hydraulic conductivity (Kz) 0.0005 to 0.02 m/day 

Specific storage coefficient (Ss) In the order of 1 x 10-4 

Specific yield (Sy) 0.02 - 0.1 

Recharge (Re) 13-20 mm/yr  

Porosity (n) (total) 0.1 - 0.2 

Top elevation Corresponded to surface topography. 

Bottom elevation of 1st layer – extrapolated for rest of 

model grid 

Corresponded to elevation 6 metres above the 

interpolated coal floor. Describes the weathered and 

partly weathered Karoo rock. The layer follows the 

topography and deposition levels identified in the 

conceptual model phase. 

Bottom fixed elevation of 2nd layer Approx. 30 to 60m thick.  

Bottom fixed elevation of 3rd layer Approx. 20-30 m below the bottom of layer 2. This layer 

represents the transition area between younger and 

deeper basement aquifer rock. 

Bottom fixed elevation of 4th and 5th layers Approx. 50 and 100 m below the bottom of layer 2. This 

layer represents older Ecca and Karoo rock. 

 
 

                                                 
2 PEST (Parameter Estimation Simulation): automated parameter estimation tool, which provides a sensitivity and 
uncertainty analysis of the model, and much more. 
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4.13 Model Calibration 

Calibration is the process of finding a set of boundary conditions, stresses and hydrogeological 

parameters that produce results which most closely matches field measurements of hydraulic 

heads and flows. 

In a catchment scale groundwater flow model, a difference between calculated and measured 

heads of up to several meters can be tolerated and is usually expressed as a function of the 

total range of observations. A scaled absolute mean value (Normalised RMS) of below 10% is 

generally regarded as acceptable for a regional model.  

This calibration was done under steady state and transient state conditions. When calibrated, 

the model can be used to predict the influence of various management scenarios.  

 

4.13.1 Calibration Targets 

The groundwater levels of on-site monitoring boreholes for 2002 – 2017 (monitoring carried 

out by GCS); 2008 and 2017 (hydrocensus data) were available for model calibration. Figure 

4-3 shows the calibration achieved for the transient state flow model. 

Figure 4-4 shows the calibration achieved for the transient state numerical flow model 

(observed vs calculated heads). Figure 4-5 shows the calibration achieved for the coupled 

numerical transport model (transient state). 

It can be seen that the calibration achieved is within the 10% Normalised RMS threshold. 

Therefore, the model can be considered a true and valid representation of the study area. 

 

 
Figure 4-3: Steady state flow model calibration achieved 
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Figure 4-4: Transient state flow model calibration achieved (2017) 

 
 

 
Figure 4-5: Sulphate plume calibration achieved (2017) 
 

 
4.13.2 Model sensitivity 

A sensitivity analysis was carried out on the calibrated steady-state model using zones to assess 

the influence on groundwater level and flow dimensions by running the model in the PEST 

(Parameter Estimation Simulation) and sensitivity mode. 

The following parameters were observed to be sensitive (refer to Appendix C): 

 Changes in horizontal and vertical hydraulic conductivity values (Kx, Ky and Kz); and  
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 Recharge (par001 on the graph). 

 The histogram generated by the PEST run indicates the following: 

 The flow model is slightly skewed towards the left; and 

 The flow model residual heads plot well within the normal distribution of the data 

spread, indicating that there are few outliers in the data series used to calibrate 

the model (i.e. above/below average heads at some boreholes). 
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5 CALIBRATED MODELS 

The following section summarises the calibrated flow model, transport model and estimated 

dewatering zone of influence model for the Somkhele Anthracite Mine.  

 

5.1 Calibrated Flow Model 

The calibrated flow model for the year 2017 is shown in Figure 7-7 (Appendix D). The following 

is noted from the calibrated flow model: 

 Groundwater flow in Area 1 is predominantly from higher to lower topography areas. 

Predominant groundwater flow is observed towards to Mfolozi River. 

 Groundwater flow in Area 2, Area 8 and Area 9 is predominantly from higher to lower 

topography areas. Predominant groundwater flow is observed towards the non-

perennial drainage lines in the area. 

 The flow model indicates groundwater flow velocities ranging from 0.01 (min) to 0.13 

(max) m/day. Those above suggest very slow moving groundwater in the study area. 

 

5.2 Calibrated Sulphate Plumes 

The calibrated 2017 sulphate plumes for the Somkhele Mining Areas are shown by Figure 7-8 

and Figure 7-9 (Appendix D). The figures above indicate the ZOI in terms of the 200 mg/l and 

1000 mg/l modelled sulphate plumes.  

The following is noted from the calibrated transport model: 

 The Area 1 zone of influence is localised to the opencast areas.  

o The plume does not intercept the Mfolozi River. 

 The Area 2 to Area 9 plume is localised to the opencast and waste disposal areas. 

o Higher concentration gradients are observed close to the coal waste disposal 

and coal beneficiation areas  

o Lowe concentration gradients propagate into the surrounding areas, however, 

remain in proximity to the mine workings in the various areas. 

 

5.3 Estimated dewatering zone - Active Mining Areas 

Based on the mining schedule (refer to Section 4.10) dewatering zones caused by the actively 

mined opencast workings were modelled. The following assumptions and limitations pertaining 

to the dewatering model: 

 No groundwater inflow data into opencast workings are available. Hence, the 

drawdown model could not be calibrated. 
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 The dewatering model does not take into consideration artificial recharge which may 

occur from slurry and discard backfilling operations. 

 Dewatering cells applied to the mining areas are in the same order of the aquifer rock 

transmissivity values (determined by pump testing). 

 The dewatering zones are illustrated by a 5 to 30 m drawdown contours. 

 
The estimated dewatering zones are shown in Figure 7-10 and Figure 7-11 (refer to Appendix 

D). The following is noted from the estimated dewatering zones modelled: 

Area 1: 

 The drawdown depth (cone of depression) formed by the South and North Pits increase 

towards the active mining areas. Drawdown depth gradually decreases further away 

from the pits. 

 The simulated drawdown zone intercepts non-perennial drainage lines in the area. 

o It is anticipated that there may be reduced streamflow or groundwater 

baseflow contribution to these streams during winter months. 

 The simulated 5m drawdown contour does not intercept the Mfolozi River. 

Area 8 and 9: 

 The drawdown depth (cone of depression) formed by the Luhlanga and KwaQubuka 

pits increase towards the active mining areas. Drawdown depth gradually decreases  

further away from the pits. 

 The simulated drawdown zone intercepts non-perennial drainage lines in the area. 

o It is anticipated that there may be reduced streamflow or groundwater 

baseflow contribution to these streams during winter months. 
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6 CONCLUSIONS 

Concluding remarks concerning the groundwater model update are summarised as follows: 

 The steady-state model was successfully updated and converted into the transient 

state. The model grid was refined to add transport and flow cells to mining Area 9 and 

sections of Area 8. 

 Groundwater level data for more than 72 observation points within the Somkhele area 

were successfully applied to the numerical flow model.  

 The transport model was successfully updated with quality data for the Year 2017.  

o Groundwater quality data (specifically sulphate) for 32 monitoring boreholes  

were successfully applied to the model.  

o Static and kinetic geochemical data were used to assign apparent maximum 

sulphate loads to the model.  

 The conceptual groundwater model and understanding of the aquifer was successfully 

updated through an extensive literature review of all available monitoring data. 

 According to Guiding Principle 2.3 and 2.4 in the Australian groundwater modelling 

guidelines (Barnett et al., 2012) the degree of confidence of the groundwater flow and 

transport model was evaluated.  

o The flow and transport model is assigned a Class 2 confidence level. Class 2 

models are suitable for assessing higher risk developments in higher-value 

aquifers.  

o It is fair to conclude that the Class 2 model can be regarded as a true 

representation of the actual aquifer conditions and that the calibrated zone of 

influence for the Somkhele Mining Areas was successfully simulated and 

presented in this report. 

 

6.1 Recommendations 

The following recommendations are made to further improve future modelling endeavours:  

 It is recommended that borehole SBH8 (Area 1), SM7 (Area 2 and 9), SMA2-BH14 and 

SMA2-BH16 (Area 2) be re-drilled ( or a borehole be drilled near the old one) to 

continue with water monitoring in these areas. These boreholes were either 

vandalised, collapsed or destroyed by mining activities. 

 Any groundwater inflow observed flowing into the opencast workings should be logged 

and reported. Groundwater inflow data will help determine pit flooding risk and 

regional de-watering trends.  
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 Groundwater abstraction rates and water levels of the Umfolozi River abstraction 

boreholes should be logged monthly. The data can be used to determine aquifer 

sustainability. 

 The numerical model should be updated annually with updated mine plans and waste 

disposal practices to ensure that there are no gaps in the monitoring network. 

 Geochemical rock samples need to be taken on a bi-annual basis to confirm the 

geochemical conditions of the rock mined in the active mining areas. The geochemical 

data will further help to determine if acid drainage or saline drainage is likely to 

occur. 
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APPENDIX A: SITE LOCALITY AND MONITORING NETWORK 

 
Figure 7-1: Somkhele Area 1 - Monitoring Network 
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Figure 7-2: Somkhele Area 2, 8 and 9 - Monitoring Network 
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APPENDIX B: SOMKHELE HYDROCHEMISTRY 

 

Somkhele - Pre-mining water quality 

Determinant 

Date 

Total 

Dissolved 
Solids 

Conductivity 
pH 

value 
Na K Ca Mg CaCO3 Cl SO4 F 

NO3 + 
NO2-N 

Fe Mn Al Cu Zn 

Units mg/l mS/m 
pH 

units 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

SM1 2001 2612 467 7.86 357 3.96 78 91.9 844 1110 14.7 0.44 0.14 <0.01 0.13 <0.01 <0.01 <0.01 

SM2 2001 1078 176.8 8.02 129 1.34 89.6 77.2 448 217 40 0.23 23.5 <0.01 <0.01 <0.01 <0.01 <0.01 

SM3 2001 3666 630 7.57 392 12.3 212 155 510 1825 24 0.1 0.5 0.61 0.61 0.03 <0.01 <0.01 

SM4 2001 1362 241 7.76 376 2.17 64.8 52.1 456 351 32 0.36 1.3 <0.01 <0.01 <0.01 <0.01 <0.01 

SM6 2001 2442 463 7.78 335 3.56 77.1 87.8 705 1225 37.3 0.31 0.17 <0.01 0.19 <0.01 <0.01 <0.01 

SM7 2001 2076 380 7.68 241 4.41 75.7 92.9 634 830 48 0.28 0.34 <0.01 <0.01 <0.01 <0.01 <0.01 

SM8 2001 3140 589 8.09 436 11.4 97.2 141 668 1425 40 0.07 0.3 <0.01 0.37 <0.01 <0.01 <0.01 

SM9 2001 3088 561 8.06 390 7.45 105 147 572 1595 45.3 0.03 0.24 <0.01 0.26 <0.01 <0.01 <0.01 

SBH6 2013 3498 583 7.5 857 10.7 219 88 - 1547 72 - 0.2 0.002 0.09 <0.003 - - 

SBH3 2013 3846 646 8.1 889 5.4 118 123 - 1461 126 - <0.1 0.001 0.05 <0.003 - - 

SBH7 2012 4212 702 7.3 1250 7.9 155 150 - 1772 220 - - 0.01 0.36 <0.003 - - 

SBH9 2013 6342 1057 8.1 1989 10.5 130 175 - 3612 212 - 9.8 0.02 0.25 <0.003 - - 

KQP14 2009 2616 436 7.1 621 3.3 138 113 - 1059 88 - - 0.08 0.56 - - - 
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APPENDIX C: SENSITIVITY ANALYSES AND PEST ESTIMATION 

 

 

Figure 7-3: Composite Sensitivity vs Iteration Number3 

 

                                                 
3 Where Ky = hydraulic conductivity on y-axis, kx = hydraulic conductivity on x-axis, Kz = hydraulic conductivity on z axis, _X = layer number, Par001 = recharge, Ss = specific storage of the 
various layers and Sy = specific yield of the various layers. 
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Figure 7-4: Jacobian weighted sensitivity4 
 

                                                 
4 Please note that the colour coding can be considered insignificant on the graph. It simply dist inguishes between the PEST model runs (model calls) and the parameter observation made. 
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Figure 7-5: Calibrated Residuals Histogram 
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APPENDIX C: NUMERICAL MODEL 

 

 
Figure 7-6: Groundwater Model Boundaries 
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Figure 7-7: Calibrated Flow Model 
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Figure 7-8: Calibrated Zone of Influence - Mining Area 1 
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Figure 7-9: Calibrated Zone of Influence - Mining Are 2, Area 8 and Area 9 
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Figure 7-10: Estimated Mine Dewatering Zone - Area 1 
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Figure 7-11: Estimated Dewatering Zone - Area 2, Area 8 and Area 9  
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GLOSSARY 

A confined aquifer is a formation in which the groundwater is isolated from the atmosphere at the point of 

discharge by impermeable geologic formations; confined groundwater is generally subject to a pressure greater 

than atmospheric pressure. 

Advection is the process by which solutes are transported by the bulk motion of the flowing groundwater. 

An unconfined, water-table or phreatic aquifer are different terms used for the same aquifer type, which is 

bounded from below by an impermeable layer. The upper boundary is the water-table, which is in contact with the 

atmosphere so that the system is open. 

Aquifer – A body of rock, consolidated or unconsolidated, that is sufficiently permeable to conduct groundwater 

and to yield significant quantities of water to wells and springs. 

Aquifuge: An impermeable body of rock which contains no interconnected openings or interstices and therefore 

neither absorbs nor transmits water. 

Compartment – In a slope-aquifer system, an area formed by an undulation of the water-table generally conforming 

to an undulation in the overlying topography. The crests of the water-table undulations represent natural 

groundwater divides that, under natural conditions, restrict the movement of groundwater to the boundaries of 

the compartment. 

Cone of Depression – A depression in the potentiometric surface of a body of groundwater that has the shape of 

an inverted cone and develops around a well/mine shaft/open pit mine from which water is being withdrawn. 

Discharge Area – An area in which there is an upward component of hydraulic head in an aquifer. Groundwater 

flows toward the land surface in a discharge area and escapes as a spring, seep, base flow to streams, or by 

evaporation and transpiration. 

Dispersion is the measure of spreading and mixing of chemical constituents in groundwater caused by diffusion and 

mixing due to microscopic variations in velocities within and between pores. 

Drawdown – The decline of the water-table or potentiometric surface as a result of withdrawals from wells or 

excavations.  

Effective porosity is the percentage of the bulk volume of a rock or soil that is occupied by interstices that are 

connected. 

Equipotential line – A line in a two-dimensional groundwater flow field on which the total hydraulic head is the 

same at all points. 

Fault – A fracture or fracture zone along which there has been displacement of the sides relative to one another 

parallel to the fracture. 

Fracture – A crack, joint, fault or other form of break in rocks caused by mechanical failure. 

Groundwater table is the surface between the zone of saturation and the zone of aeration; also the surface of an 

unconfined aquifer. 

Heterogeneous indicates non-uniformity in a structure. 

Hydraulic conductivity (K) is the volume of water that will move through a porous medium in unit time under a 

unit hydraulic gradient through a unit area measured perpendicular to the area [L/T]. Hydraulic conductivity is a 

function of permeability and the fluid’s density and viscosity. 

Hydraulic gradient is the rate of change in the total head per unit distance of flow in a given direction. 
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Hydraulic Head – Generally, the altitude of the free surface of a body of water above a given datum. 

Hydrodynamic dispersion processes of mechanical dispersion and molecular diffusion. 

Interflow – The lateral movement of water in the unsaturated zone during and immediately after precipitation. 

Interflow occurs when the zone above a low permeability horizon becomes saturated and lateral flow is initiated 

parallel to the barrier. 

Joint – A fracture in rock along which there has been no visible movement.  

Mechanical dispersion is the process whereby a group of pollutants are spread in a longitudinal as well as a 

transverse direction because of velocity distributions. 

Metamorphic Rock – A rock formed at depth in the earth’s crust from pre-existing rocks by mineralogical, chemical 

and structural changes caused by high temperature, pressure and other factors. Examples include slate, schist and 

gneiss. 

Observation borehole is a borehole drilled at a selected location for the purpose of observing parameters such as 

water levels. 

Perched Water-Table – The upper surface of a body of unconfined groundwater separated from the main body of 

groundwater by the unsaturated material. 

Permeability is related to hydraulic conductivity, but is independent of the fluid density and viscosity and has the 

dimensions L2. Hydraulic conductivity is therefore used in all the calculations. 

pH is a measure of the acidity or alkalinity of a solution, numerically equal to 7 for neutral solutions, increasing 

with increasing alkalinity and decreasing with increasing acidity. 

Piezometric head (φ) is the sum of the elevation and pressure head. An unconfined aquifer has a water-table, and 

a confined aquifer has a piezometric surface, which represents a pressure head. The piezometric head is also 

referred to as the hydraulic head. 

Porosity – The ratio of the aggregate volume of interstices in a rock or soil to its total volume. It is usually stated 

as a percentage. 

Potentiometric Surface – An imaginary surface representing the total head of groundwater and defined by the 

level to which water rises in tightly-cased wells. The water-table is a particular potentiometric surface. 

Pumping tests are conducted to determine aquifer or borehole characteristics. 

Recharge is the addition of water to the zone of saturation through the vadose/unsaturated zone.  

Sandstone is a sedimentary rock composed of abundant rounded or angular fragments of sand set in a fine-grained 

matrix (silt or clay) and more or less firmly united by a cementing material. 

Sedimentary Rock – A layered rock resulting from the consolidation of sediment deposited by some geologic agent 

such as water, wind, or ice. Typical sedimentary rocks include sandstone, limestone and shale. 

Shale is a fine-grained sedimentary rock formed by the consolidation of clay, silt or mud.  It is characterised by a 

finely laminated structure and is sufficiently indurated so that it will not fall apart on wetting. 

Specific storage (S0), of a saturated confined aquifer, is the volume of water that a unit volume of aquifer releases 

from storage under a unit decline in hydraulic head. In the case of an unconfined (phreatic, water-table) aquifer; 

specific yield is the water that is released or drained from storage per unit decline in the water-table. 

Static water level is the level of water in a borehole that is not being affected by the withdrawal of groundwater. 
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Storativity is the two-dimensional form of the specific storage and is defined as the specific storage multiplied by 

the saturated aquifer thickness.  

Total dissolved solids (TDS) is a term that expresses the quantity of dissolved material in a sample of water. 

Transmissivity (T) is the two-dimensional form of hydraulic conductivity and is defined as the hydraulic 

conductivity multiplied by the saturated aquifer thickness. 

Vadose zone is the zone containing water under pressure less than that of the atmosphere, including soil water, 

intermediate vadose water, and capillary water.  This zone is limited above by the land surface and below by the 

surface of the zone of saturation, that is, the water-table. 

Water-table is the surface between the vadose zone and the groundwater, that surface of a body of unconfined 

groundwater at which the pressure is equal to that of the atmosphere. 
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LIST OF ACRONYMS 

 

ABA Acid-Base Accounting 

AD Acid Drainage 
Al Aluminium (mg/l) 

AMD Acid Mine Drainage 

ANC Acid Neutralising Capacity 

ARD Acid Rock Drainage 

As Arsenic 
BH Borehole 
Ca Calcium (mg/l) 
Cd Cadmium (mg/l) 
Cl Chloride (mg/l) 

CO3 Carbonate (mg/l) 
Cu Copper (mg/l) 

DEM Digital Elevation Model 

DW&S (DWS) Department of Water and Sanitation (previously DWA and DWAF) 
DWA Department of Water Affairs 
DWAF Department of Water and Forestry 

EC Electrical Conductivity (mS/m) 

EMPR Environmental Management Plan Report 
F Fluoride (mg/l) 

Fe Iron (mg/l) 
GCS GCS Water and Environment Consultants (Pty) Ltd 
GRIP Groundwater Information Project  
GUS Gus coal seam 
GW Groundwater 
h Potentiometric head 

HCO3 Bicarbonate (mg/l) 

HDPE High-Density Polyethylene (Plastic) 

HMP Hydrogeological Management Plan 

INAP International Network for Acid Prevention 

IWULA Integrated Water Use License Application 

IWWMP Integrated Water and Waste Management Plan 
K Potassium (mg/l) 

K (k) Hydraulic Conductivity (m/day) 
Kxx Hydraulic Conductivity on x-axis (m/day) 
Kyy Hydraulic Conductivity on y-axis (m/day) 
Kzz Hydraulic Conductivity on z-axis (m/day) 

LFCR Linear Flow Channel Reactor 
LOM Life of Mine 
m metres 

MAE Mean Annual Evaporation 

MALK Measured Alkalinity 

mamsl Meters above mean sea level 

MAP Mean Annual Precipitation 

mbgl Meters below ground level 
Mg Magnesium (mg/l) 
Mn Manganese (mg/l) 

MTPa Million Tons Per Annum 
n Porosity 
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Na Sodium (mg/l) 

NAG Net Acid Generation 

ND Neutral Drainage 

NEMA National Environmental Management Act 

NGA National Groundwater Archive 

NO3 Nitrate (mg/l) 

Non-PAG Non-Potentially Acid Generating 

NWA National Water Act 

OC (O/C) Opencast Workings 

PAG Potentially Acid Generating 

PAN Potentially Acid Neutralising 

Pb Lead (mg/l) 

PCD Pollution Control Dam 
PEST Parameter Estimation Simulation 

PUMPS Passive underground mine-water purification 
Re Recharge (%) 

RMS Root Mean Squared / Normalised Distribution 
RO Reverse Osmosis 

ROM Run of Mine 
S Storativity 

SAM Somkhele Anthracite MIne  
SANS South African National Standards 
Sb Antimony (mg/l) 

SD Saline Drainage 
SMD Saline Mine Drainage 

SO4 Sulphate (mg/l) 

SOB  Sulphate-Oxidising Bacteria 

SRB Sulphate-Reducing Bacteria  
SS Specific Storage / Suspended Solids (mg/l) 
Ss Specific Storage 
Sy Specific Yield 
T Transmissivity (m²/d) 
t Time (days) 

Talk Total Alkalinity (mg/l) 

TDS Total Dissolved Solids (mg/l) 

TWQR Target Water Quality Ranges 
W Groundwater Flux 

WQ Water Quality 
WMA  Water Management Area 
WUL Water Use License 
WULA Water Use License Application 

XRD X-Ray Diffraction 

XRF X-Ray Fluorescence 
Y years 
Zn Zinc (mg/l) 
ZOI Zone of Influence  
θ Porosity 
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EXECUTIVE SUMMARY 
 
GCS (Pty) Ltd (GCS) was appointed by Tendele Coal Mining (Pty) Ltd (Tendele) to undertake 

a hydrogeological investigation for the Luhlanga and KwaQubuka opencast areas (also 

referred to as Somkhele Area 8 and 9), at the Somkhele Anthracite Mine (SAM) situated near 

Somkhele, KwaZulu-Natal Province. 

 
Project background 

This study serves a follow up hydrogeological investigation for Area 8 and 9, which was 

completed in 2008 by GCS as part of the Environmental Management Programme Report 

(EMPr) (GCS, 2008). The study aims to update and summarise the hydrogeological 

environment, risk and impacts associated with the Area 8 and 9 opencast pits during the 

operational and closure phases.  

 
Study approach 

A logical and holistic approach was adopted to investigate and update the groundwater model 

and hydrogeological conceptual model for the Somkhele Anthracite Mine. The Department of 

Water Affairs and Forestry (DWAF, 2008) Best Practice Guidelines for Impact Prediction (G4) 

was considered to re-define and understand the three basic components of hydrogeological 

risk: 

• Source - The source of the risk; 

• Pathway - The pathway along which the risk propagates; and 

• Receptor - The target that experiences the risk.  

Moreover, the Australian Groundwater Modelling Guidelines (Barnett et al., 2012) was 

considered to ensure that the numerical model adheres to international norms and standards. 

The approach was used to redefine and update: 

1. The source term(s); 

2. The hydrogeological and geochemical models: 

3. The numerical flow and transport models;  

4. The groundwater risk assessment (closure and post-closure); and 

5. The groundwater management and mine drainage plans. 
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Local aquifer characteristics 

The following summarises the follow-up hydrogeological, geological, hydrochemical and 

geological data for the project area: 

• Area 8 and 9 is underlain by sediments of the Emakwezeni Formation (lower Beaufort 

Group) of the Karoo Supergroup and numerous dolerite intrusive sills and dykes. 

• The aquifer zones directly underlying the site were identified as follows: 

o Weathered to semi-confined aquifer zone; and 

o Confined fractured aquifer zone. 

• Boreholes drilled at Somkhele rarely has a blow yield which can be measured. 

However, high blow yields in the range of 3 to 5 l/s have been recorded for boreholes 

drilled in low topographical areas, specifically into contact zones associated with 

dolerite intrusions. The aquifer is considered a low yielding aquifer and has a 

reported yield in the order of 0.1 l/s to 0.5 l/s (King et al., 1998). 

• A total of forty-three (43) boreholes were identified (combination of database, 

Somkhele exploration and field identified boreholes) within a 5km radius of the site. 

o The majority of the boreholes discovered are exploration boreholes drilled 

by SAM; and the remainder are boreholes fitted with hand pumps. Limited 

groundwater supply boreholes were identified. 

• The groundwater level for Area 8 and 9 ranges from 9 to 36 metres below ground 

level (mbgl). 

• Available borehole water level data suggest a good correlation (≈ 91 %) between 

surface and groundwater elevations. There is also a good correlation between 2008 

and 2017 hydrocensus data.  

o The data suggest that the groundwater table mimics the topography, and 

that groundwater levels have not changed substantially since the original 

hydrocensus was carried out in 2008. 

• According to Parsons (1995), the aquifer can be classified as a Minor Aquifer. This 

was further confirmed by literature and field tests: 

o Saturated hydraulic transmissivities (T-values) for the aquifer range from 0.1 

to 9 m²/day, geometric average 0.5 m²/day. The data suggest very slow 

groundwater movement. 
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• Groundwater recharge, calculated using the chloride (Cl) method, gives rainfall 

recharge figures varying between as high as 3.6 % and as low as 2.2 %. Using 2.8 %, 

the groundwater recharge is estimated to be in the order of 23.3 mm/yr. 

 
 
Hydrochemistry (2001 to:2018 data) 

Based on available data (2001 to 2018) for the area, the hydrochemistry for the area is 

summarised as follows: 

1. Pre-mining water quality 

a. The groundwater generally exhibits neutral pH conditions. 

b. On average the electrical conductivity (EC), total dissolved solids (TDS), 

dissolved calcium (Ca), dissolved magnesium (Mg), dissolved sodium (Na), 

dissolved chloride (Cl) and dissolved manganese (Mn) plots above DWAF 

(1996) ideal water quality ranges for potable water use.  

c. On average dissolved sulphate (SO4) and dissolved nitrate (NO3), which are 

typically associated with pollution from South African coal mines (INAP, 

2018), generally plot well within DWAF (1996) ideal water quality ranges for 

potable water use. 

2. Groundwater monitoring quality 

a. The groundwater boreholes situated on-site; and downstream of the various 

processing plants, stockpiles and opencast workings generally exhibit neutral 

pH conditions. 

b. Similar chemistry is observed as the pre-mining data for the area. However, 

from the data reviewed it is clear that SO4 is the major indicator of pollution 

at the SAM. The aforementioned constituent is high in Area 2, where coal 

stockpiles and backfilling has taken place, compared to pre-mining and 

hydrocensus data. 

3. Surface water monitoring quality 

a. All surface water monitoring points exhibit neutral pH conditions. 

b. High EC is observed at all Area 2 surface water monitoring points (A2S2, A2S3, 

S2PCD1) and at one surface water point in Area 1 (A1S1).  

i. The above mentioned points tend to exhibit high Ca, Mg, Na, Cl and 

SO4 concentrations with regards to DWAF (1996) ideal water quality 

ranges for domestic use. 
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ii. High manganese (Mn) is observed at A2PCD1, which is a pollution 

control dam upstream of Myenge Dam 1. 

c. Low EC is observed at surface water monitoring points situated in the 

Umfolozi River (UM-U to UM-D). 

i. High dissolved iron (Fe) is noted at UM-U1, a surface water point 

colsest to the Area 1 pits. However, none of the other points indicate 

high Fe. 

d. Available surface water data suggest that mining in Area 1 has not impacted 

the Mfolozi River. However, there is a definite impact on the surface water 

environment within Area 2. 

 
 
Geochemistry (2012-2018) 

Fifty-six (56) samples from Somkhele have been subjected to geochemical testing (by GCS) 

from 2012 to 2018. Samples were taken during previous geohydrological assessments for 

Area 1, Area 2, Area 8 and 9; and have only recently (since 2017) been taken from active 

mining areas on an annual basis. Review of the data indicated the following (refer to Section 

6 for detailed geochemical assessment): 

• Discard and coal are generally Potentially Acid Generating (PAG) ; 

• Tailings (slurry) is generally Not Potentially Acid Generating (non-PAG) ; and 

• Overburden lithologies are generally non-PAG. 

 
Element release rates were calculated for sandstone, shale (overburden), discard and slurry 

(coal waste) from kinetic test results. The kinetic tests did not indicate the formation of acid 

drainage, even though the samples are characterised as PAG. It is likely that the rate of acid 

neutralisation was enough to offset the rate of acid generation during the kinetic tests.  
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Conceptual model, mine decant assessment and mine flooding 

The following supplies a brief overview relating to the conceptual hydrogeological model and 

groundwater assessment undertaken.  

 
Area 8 and 9 closure philosophy 

The detailed closure philosophy is listed in Table 7-1 in Section 7, and is briefly summarised 

as follows: 

1. Placement of coal discard/slurry (co-disposed) into the KwaQubuka pit; and 

2. Placement of waste rock (overburden above the coal) into the Luhlanga pit as well 

as the construction of a overburden dump on the Luhlanga footprint. 

 
Existing and Potential Pollution Sources 

The likely groundwater pollution sources for Area 8 and 9 are listed in the table below. 

Operational / Decommissioning Rehabilitation / Closure Likely Receivers 

• Nitrate (NO3) leaching into the 

surrounding aquifer from 

explosives; 

• Overburden rock dumps 

(consisting of mixtures of shale, 

sandstone, siltstone and 

dolerite); and 

• Oil and fuel spills from mining 

machinery. 

• Discard, slurry and overburden 

material used to backfill the Area 

9 pit;  

• The overburden dump 

constructed in Area 8; 

• Possible pit lake, which is 

anticipated to occur (based on 

the Area 8 mine plan); and 

• Rehabilitated rock dump areas. 

• The local aquifer system. 

• Downstream non-

perennial streams (both 

Area 8 and 9). 

• No groundwater users 

were identified 

downstream of the 

opencast areas. 

 

 
Aquifer dewatering / Impact on local streams 

The SAM can be described as a dry mine, with little to no groundwater seepage observed on 

exposed high walls or footwall areas. No groundwater ingress data is available and 

groundwater seepage into the pits is only noted during high precipitation events.  

Available groundwater level data for monitoring boreholes (2011 to 2018) indicate that mining 

activities in the area have had an insignificant impact on the regional groundwater table and 

stream flow (refer to Section 7.3). Hence, dewatering impact on local non-perennial streams 

is considered low. 
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Mine flooding 

Based on the flooding calculations (refer to Section 7.4) it is estimated that: 

• The total flooding time for the Luhlanga Pit (Area 8) ranges from 40 to 80 years. This 

is based on the assumption that the pit will be backfilled with overburden rock.  

o The above mentioned flooding range for Area 8 can be considered preliminary 

due to no final layout plan being available. The calculation is based on the 

current mine layout (November 2018) and the proposed Luhlanga expansion 

(called box cut zero). 

• The total flooding time for the KwaQubuka Pit (Area 9) ranges from 3 to 7 years. This 

is based on the assumption that the pit will be backfilled with coal discard and slurry 

waste. 

o It should be noted that wet slurry deposition in the pit will greatly increase 

the flooding time. 

 
Decant assessment 

The table below summarises the anticipated decant elevations and qualities for each of the 

proposed mining areas (refer to Section 7.5): 

Opencast Area Anticipated Decant 
Elevation (mamsl) 

Estimated Decant 
Quantity (m³/day) 

Estimated Decant 
Quality (TDS in mg/l) 

Probability 

Pit Luhlanga (Area 8) 76 to 80 180 to 350 800 - 1500 Low 

Pit KwaQubuka (Area 
9) 

98 to 110 180 to 350 800 - 1500 Moderate-Low 
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Numerical groundwater model 

The key aspects relating to the numerical groundwater flow and transport model outputs and 

model confidence are summarised below. Details on the model assumptions, uncertainties, 

calibration process, model time and model code used is presented in Chapter 8. 

 
Calibrated flow model outputs 

From the calibrated models, the following is noted: 

• Groundwater flow is predominantly from east to west across the study area. 

• The groundwater flow model indicates groundwater flow velocities ranging from 0.01 

(min) to 0.13 (max) m/day. The aforementioned suggest very slow moving 

groundwater in the study area. 

 
Prediction transport model outputs 

From the prediction models, the following is noted: 

• No mitigation scenario: 

o The predicted sulphate plume at closure remains localised to the opencast 

areas.  

o From the 50Y and 100Y plumes generated, it is clear that predominant plume 

movement is towards the south for pit Luhlanga; and east and west for pit 

KwaQubuka. 

o The plume is likely to intercept the non-perennial streams in the area. 

However, the model suggests a large concentration gradient where only the 

50 mg/l contour intercepts the aforementioned streams. 

• Mitigation scenario (capping or liner): 

o The predicted sulphate plume at closure remains localised to the opencast 

areas.  

o The same plume migration directions are noted as for the no-mitigation 

scenario. 

o Only the plume from pit Luhlanga is likely to intercept the non-perennial 

stream downstream of the pit. The plume likely to be generated by pit 

KwaQubuka remains localised to the pit, with little change from closure to 

the 100Y plume. 
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• From the scenarios simulated, it is clear that reduced infiltration decreases the spatial 

spread of the plume over time. Hence, mitigation should focus on reducing infiltration 

into the backfilled pits.  

 
Model confidence 

According to Guiding Principle 2.3 and 2.4 in the Australian groundwater modelling guidelines 

(Barnett et al., 2012) the degree of confidence of the groundwater flow and transport model 

was evaluated:  

• The flow model is assigned a Class 2 confidence level due to the numerous 

groundwater head boreholes available for calibration.  

• Class 2 models are suitable for assessing higher risk developments in higher-value 

aquifers (i.e. major aquifer for groundwater supply or an aquifer that is highly 

susceptible to pollution). 

 
 
Concluding remarks with regards to the model 

With regards to the model update, the following conclusions can be made: 

• Groundwater level data for 108 observation points within the Somkheke region were 

successfully applied.  

• A calibration with a correlation between 0.92 to 0.97 ( 9 to 10 % - Root Mean Squared 

/ Normalised Distribution [RMS]) was achieved for the flow model. A model calibrated 

to RMS ranging from < 10 to 15% is generally regarded as acceptable (Tiedeman and 

Hills, 2005). 

• It is fair to conclude that all data made available for this investigation has successfully 

been incorporated into the model. The model can be regarded as a true representation 

of the actual aquifer conditions and the likely zone of influence for the Area 8 and 9 

pits were successfully simulated and presented in this report. 

• The following parameters were observed to be sensitive (refer to Section 8.10.2): 

o Vertical hydraulic conductivity on the x and z axis for layer 1 to 3; and 

o Groundwater recharge (par001). 
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Groundwater risk and management 

As part of the geohydrological update for Area 8 and 9, the likely groundwater related risks 

at the were updated. Subsequently, mitigation measures which may improve groundwater 

quality during and after mine closure were formulated. The updated groundwater risks and 

mitigation measures are available in Appendix F. 

Based on available geochemical data, Acid Drainage (AD) and neutral drainage (ND) are likely 

to be associated with exposed overburden rock (specifically shale) and coal discard. An AMD 

management and mitigation plan as well as preliminary water treatment options is presented 

in Chapter 9. 

 
Recommendations 

The following recommendations were made: 

• The mine plan assessed for the Luhlanaga Pit (Area 8) suggest that there may be an 

un-backfilled void situated below the pre-mining groundwater level, after closure. 

Hence, there is a possibility of a pit lake to from. It is recommended that the mine 

plan be updated to include backfilling this pit.  

• Update the numerical groundwater flow and transport model annually to: 

o Track the sulphate plume movement into the surrounding aquifer; 

o Track preferential flow paths and changes to groundwater flow;  

o Ensure no monitoring network gaps exist (i.e. check if the monitoring network 

is representative of the site); and 

o Update the groundwater management plan. 

• Continue with quarterly groundwater quality and groundwater level monitoring 

during the operational phase; and, within two to four years following the 

decommissioning phase of Area 8 and 9, to establish post-closure groundwater level 

and quality trends. 

o The monitoring information must be used to update, verify and re-calibrate 

the predictive tools used during the study to increase the confidence in the 

closure objectives and management plans.  

o The numerical model platforms can be updated on an annual basis to confirm 

groundwater and pollution transport movement into the environment. 

o Once the model us updated the groundwater management plan and mine 

water treatment plans can be updated.  
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DISCLAIMER 

The opinions expressed in this Report have been based on the information supplied to GCS 

Water and Environment (Pty) Ltd by Tendele Coal (Pty) Ltd - Somkhele Anthracite Mine, and 

information obtained though the course of this investigation.  

GCS has exercised all due care in reviewing supplied information and interpreting new 

hydrogeological information. GCS does not accept responsibility for any errors or omissions 

in information supplied by Somkhele Anthracite Mine and does not accept any consequential 

liability arising from commercial decisions or actions resulting from them.  

Opinions presented in this report, apply to the site conditions and features as they existed at 

the time of GCS’s investigations, and those reasonably foreseeable. These opinions do not 

necessarily apply to conditions and features that may arise after the date of this Report, 

about which GCS had no prior knowledge nor had the opportunity to evaluate. 
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1 INTRODUCTION 

GCS (Pty) Ltd (GCS) was appointed by Tendele Coal Mining (Pty) Ltd (Tendele) to undertake a 

hydrogeological investigation for the Luhlanga and KwaQubuka opencast areas (also referred 

to as Somkhele Area 8 and 9), at the Somkhele Anthracite Mine (SAM) situated near Somkhele, 

KwaZulu-Natal Province. 

 
1.1 Background 

This study serves a follow up hydrogeological investigation for Area 8 and 9, which was 

completed in 2008 by GCS as part of the Environmental Management Programme Report (EMPr) 

(GCS, 2008). The study aims to update and summarise the hydrogeological environment, risk 

and impacts associated with the Area 8 and 9 opencast pits during the operational and closure 

phases.  

 
1.2 Objectives 

The objective of the study was to: 

• Review existing hydrogeology, hydrochemistry and geochemical information for the 

SAM, and update information for Area 8 and 9 by undertaking a field investigation. 

• Update the site conceptual hydrogeological and geological model. 

• Update the geohydrological numerical flow and transport model, specifically for 

running closure scenarios for Area 8 and 9. 

• Verify and update previously identified groundwater-related risks for the operational 

and closure phase for Area 8 and 9. 

• Assess potential treatment options to process accumulated water in opencast workings 

or poor quality seepage; and 

• Present findings in an understandable and presentable format so that it can be used 

for decision-making purposes.  
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1.3 Approach 

The study followed a logical and holistic approach, whereby all existing and new 

hydrogeological data for the site was assessed. The aim was to re-assess previously identified 

risks, pertaining to the groundwater environment; and update new potential risks identified. 

The Department of Water Affairs and Forestry (DWAF, 2008), Best Practice Guidelines for 

Impact Prediction (G4), was considered to define and update the three basic components of 

hydrogeological risk, i.e. the source of the risk (source term), the pathway along which the 

risk propagates (pathway), and finally the target that experiences the risk (receptor).  

Subsequently, the groundwater model was updated to illustrate the conceptual understanding 

of the groundwater flow system. Groundwater modelling is an efficient tool for groundwater 

management and remediation. Models are a simplification of reality to investigate certain 

phenomena or to predict future behaviour. The challenge is to simplify the reality in a way 

that does not adversely influence the accuracy and ability of the model output to meet the 

intended objectives. In terms of quality control, the Australian Groundwater Modelling 

Guidelines (Barnett et al., 2012) was considered to ensure that the numerical model adheres 

to international norms and standards. 

 
1.4 Scope of work 

The following scope of work was completed: 

1. Desktop study: 

a. Existing water quality and quantity data for mining Area 2 and Area 8 was 

reviewed and extrapolated to Area 9, where possible. 

b. Existing groundwater, engineering, hydrology, geochemistry and conceptual 

designs were reviewed to adopt similar closure objectives for mining Area 8 

and Area 9. 

c. Subsequently, data was assimilated for numerical application. 

2. Fieldwork: 

a. Site walkover survey to check pit walls for seepage and a general survey for 

potential sensitive areas was completed; 

b. A hydrocensus was completed, whereby old and new exploration boreholes 

were assessed in Area 8 and Area 9, to update groundwater quality and water 

level data; 

c. A geophysical survey, with key focus on electromagnetic and magnetic 

methods, was completed in Area 8 and Area 9; 
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d. Three (3) boreholes were drilled in Area 9 in areas where 

magnetic/electromagnetic anomalies were identified. The aim was to drill the 

boreholes into dolerite / weathered dolerite areas. The aforementioned is 

known to be associated with preferential groundwater flow paths.  

e. Hydrochemical sampling of the boreholes drilled in Area 9 was completed; and 

f. Aquifer testing of two (2) boreholes in Area 9 was completed to update 

hydraulic parameters for the area. 

3. Hydrogeological, Geochemical and Geological Conceptual model (update) 

a. The hydrogeological, geochemical and geological conceptual models were 

updated with new data, and the following were assessed: 

i. Dewatering of the aquifer due to pit expansion (i.e. form the 

KwaQubuka pit and the proposed Box Cut 0 extention areas); 

ii. Flooding potential and risk of decant;  

iii. Preferential groundwater flow paths; and 

iv. Point sources (i.e. backfilled voids or rock dumps) 

4. Objective Groundwater Numerical Modelling: 

a. The existing numerical model grid was refined and calibrated to a pre-mining 

steady state scenario with all the available data gathered.  

i. The steady-state model was applied in transient state mode to enable 

scenario modelling. 

b. The following model scenarios were simulated: 

i. Likely aquifer drawdown and rebound. 

ii. The temporal and spatial extent of the potential pollution plume 

which may be produced if both Luhlanga and KwaQubuka Pits are 

backfilling with overburden and coal waste material.  

iii. Both a mitigation and non-mitigation scenario was assessed.  

iv. The following extents were modelled: 

1. Closure phase; and 

2. 50Y and 100Y plumes, post-closure. 

5. Reporting: 

a. Write-up of all technical data and model scenarios; and 

b. Impact assessment and mitigation options. 
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1.5 Available information 

The following sources supply an overview of the available information reviewed for this 

assessment: 

• Site-specific specialist reports: 

o Tendele Area 8 - Hydrogeological Study (GCS, 2008). 

o Area 1 - Groundwater Report (GCS, 2006). 

o Numerical Groundwater Model for Pit BDE: In Pit Disposal (GCS Memo) (GCS, 

2016a). 

o Motivation Report for in-Pit Disposal of Coal Waste Material for Somkhele 

Mining Area 2 (GCS, 2016b). 

o Area 2 - Current status and source term evaluation (GCS Memo) (GCS, 2016c). 

o Preliminary Geochemical Assessment for the proposed Co-Disposal project for 

Somkhele Anthracite Mine (GCS, 2016d). 

o Somkhele Mine Water Monitoring reports (2006-2018). 

o Somkhele Anthracite Mine -Pit Backfill Source Terms Estimates (GCS, 2018a). 

o Geohydrological Model Update for the Somkhele Anthracite Mine – 2017 (GCS, 

2018b). 

o Somkhele coal waste material properties report (Inqubeko, 2018). 

o KwaQubuka Pit Backfill Rehabilitation / Closure Plan. May 2018. Reference: 

17-0394-KWA-D02-0. 

• GRIP (Groundwater Resource Information Project, 2016) and NGA (National 

Groundwater Database Archives, 2018) borehole data. 

• 2730 Vryheid – 1:500 000 Hydrogeological map series (King et al., 1998). 

• 27 ½ 32 St. Lucia – 1:250 000 Geological map series (DMEA, 1998). 

• Literature on similar geology and hydrogeology: 

o The relationship between South African geology and geohydrology (Lourens, 

2013). 

o Aquifer Classification of South Africa (DWA, 2012). 

o A South African Aquifer System Management Classification (Parsons, 1995). 
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2 GEOGRAPHICAL SETTING 

The following section supplies a brief overview of the regional setting, topography, climate 

and geological occurrences in the project area. The information in this section was obtained 

from public domain data and was further refined by specialist studies undertaken by GCS for 

the SAM. 

 
2.1 Regional setting, topography and climate 

The SAM is located approximately 17 km northeast of Mtubatuba, near Myeki and Somkhele, 

in the KwaZulu-Natal Province (refer to Figure 2-1). 

The area is generally hilly with undulating topography. Somkhele lies in a part of Zululand 

where it is relatively flat with low rolling hills and complex assemblages of moderately steep- 

to steep-sided valleys interspersed between higher lying ridges and koppies. The hills have 

typical elevations between 30 m and 260 m above mean sea level (mamsl). There are a number 

of non-perennial streams draining from east to west towards the Umfolozi River. There are no 

identified wetlands within the study area.  

The SAM falls within Water Management Area 6 “Usuthu to Mhlatuze” and is located in 

Quaternary Catchment area W23A. The site is situated in a sub-tropical climate area which 

receives rainfall in summer months. The mean annual precipitation (MAP) ranges from 750 to 

840 mm / annum (average ±833 mm/a) and the mean annual evaporation (MAE) ranges from 

1 300 to 1 500 mm / annum (S-Pan) for the catchment (DWAF, 2006 and WR2012, 2012). 

 
2.2 Geological setting 

The regional geological map (2732 St. Lucia - 1:250 000 Geological Map Series) indicates that 

most of the SAM is underlain by sediments of the Emakwezeni Formation (lower Beaufort 

Group) of the Karoo Supergroup. Dolerite sill and dyke structures, fault zones and 

metamorphic contact zones are known to be associated with the area (refer to Figure 2-1). 

 
2.2.1 Local stratigraphy and coal seams 
From the drilling of boreholes in Area 8 and 9, the local geology can be inferred (refer to 

Appendix B). Lithology typically comprises dolerite sills, sandstone, siltstone, shale and 

occurrences of coal (refer to Figure 2-2). 

Available borehole log data were used and a coal floor map was generated (refer to Figure 

2-3). It can be seen that the coal seam in Area 8 dips towards the south-east. The coal seam 

in Area 9 dips towards the east. The coal seam thickness ranges from 4 to 19 m (on average 

11 m thick). 
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2.2.2 Structural geology 
Dolerite dykes within the area tend to follow pre-existing fault planes. These fault planes gave 

rise to vertical displacement of the coal seam. The spatial orientation of the dolerite intrusions 

are difficult to map due to the block faulting in the area. The strike of the dolerite dykes in 

this area are both parallel and perpendicular to the direction of groundwater flow and 

therefore act as no-flow and preferential flow boundaries.  

 
2.3 Mining operations 

Somkhele is a typical opencast mine, which involves a type of strip mining procedure in which 

the ore deposits extend very deep into the ground in a specific dip direction, necessitating 

the removal of layer upon layer of overburden and ore. Because open-pit mining is employed 

for ore deposits at a substantial depth underground, it usually involves the creation of a pit 

that extends below the pre-mining groundwater table.  

The Luhlanga pit development started in early 2015 and involves opencast roll-over methods, 

whereby the overburden material is put back as mining progresses. The KwaQubuka pit 

development started in mid-2017 and does not entail roll-over mining methods. Recently SAM 

has decided to further expand the Luhlanga pit (in Area 8) towards the northeast. The 

expansion is expected to be completed nearing the year 2022.The KwaQubuka Pit is estimated 

to be complete by 2019.  

The mine wishes to adopt a similar waste storage and disposal philosophy, as is implemented 

in Mining Area 2. This will entail in-pit disposal of coal wastes (i.e. slurry and discard) and 

overburden (spoil) rock wastes.  
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Figure 2-1: SAM – Regional setting and local geology 
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Figure 2-2: SAM – Local stratigraphy 
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Figure 2-3: SAM – Area 8 and 9 coal seams 
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3 FIELD INVESTIGATION 

The following section summarises the field work completed at Area 8 and 9, as part of this 

hydrogeological investigation update. 

 
3.1 Hydrocensus 

GCS undertook a field hydrocensus in 2008 and a follow-up hydrocensus in December 2017. 

Moreover, the GRIP (2016) and NGA (2018) borehole databases indicate that there are several 

groundwater boreholes within a 5km radius of the SAM.  

A combined total of forty-three (43) boreholes were identified. The majority of the boreholes 

discovered are exploration boreholes and the remainder are boreholes fitted with hand pumps.  

Table 3-1 lists the groundwater boreholes identified in the area. The spatial distribution of 

the boreholes are indicated in Figure 2-1. 

 
Table 3-1: Groundwater users identified within 5km radius of the SAM 

Borehole ID Hydrocensus 
Level 

Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

Elevation 
(mamsl) Type Water Level 

(mbgl) 
Water Level 
Date (YYYY) 

2832ACG1443 Desktop -28.33294 32.10032 144 Hand Pump 14.1 1995 

2832ACG1447 Desktop -28.34044 32.10060 146 Hand Pump 5 1995 

2832ACG1461 Desktop -28.28738 32.04643 146 Hand Pump 12.6 1995 

2832ACG3850 Desktop -28.33627 32.11227 147 Hand Pump 22 1995 

2832ACG3863 Desktop -28.33044 32.11199 120 Hand Pump 15 1995 

KQP3 Field -28.32052 32.07323 114 Exploration 
Borehole 23.3 2008 

KQP7 Field -28.32033 32.07108 99 Exploration 
Borehole 11.9 2008 

KQP8 Field -28.31946 32.07514 111 Exploration 
Borehole 13.7 2008 

KQP9 Field -28.31969 32.07003 98 Exploration 
Borehole 12.7 2008 

KQP10 Field -28.31760 32.07381 104 Exploration 
Borehole 17.5 2008 

KQP12 Field -28.31908 32.06912 100 Exploration 
Borehole 17.4 2008 

KQP19 Field -28.31162 32.07837 125 Exploration 
Borehole 10.0 2008 

KQP21 Field -28.31101 32.07748 126 Exploration 
Borehole 11.3 2008 

KQP23 Field -28.31072 32.07679 125 Exploration 
Borehole 11.6 2008 

KQP24 Field -28.30858 32.07869 129 Exploration 
Borehole 15.3 2008 

KQP29 Field -28.30795 32.08105 150 Exploration 
Borehole 29.6 2008 

KQP30 Field -28.30731 32.08257 136 Exploration 
Borehole 15.4 2008 

KQP33 Field -28.30919 32.08147 147 Exploration 
Borehole 26.0 2008 

KQP34 Field -28.31873 32.08078 96 Exploration 
Borehole 16.2 2008 

KQP35 Field -28.31825 32.06857 87 Exploration 
Borehole 13.1 2008 
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Borehole ID Hydrocensus 
Level 

Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

Elevation 
(mamsl) Type Water Level 

(mbgl) 
Water Level 
Date (YYYY) 

KQP37 Field -28.32225 32.06795 99 Exploration 
Borehole 9.6 2008 

KQP46 Field -28.32571 32.07072 90 Exploration 
Borehole 10.6 2008 

KQP54 Field -28.31818 32.06929 107 Exploration 
Borehole 22.9 2008 

KQP55 Field -28.31894 32.07133 103 Exploration 
Borehole 14.0 2008 

KQP57 Field -28.31670 32.07542 98 Exploration 
Borehole 15.0 2008 

KQP60 Field -28.31753 32.07213 101 Exploration 
Borehole 18.8 2008 

KQP61 Field -28.31711 32.07024 101 Exploration 
Borehole 15.3 2008 

KQP62 Field -28.31663 32.07295 92 Exploration 
Borehole 10.8 2008 

KQP63 Field -28.31677 32.07041 97 Exploration 
Borehole 20.2 2008 

A9.BH1 Field -28.30689 32.08354 141 Monitoring 
Borehole 17.2 2017 

A9.BH2 Field -28.30806 32.07484 108 Monitoring 
Borehole 14.2 2017 

A9.BH3 Field -28.30172 32.08115 112 Monitoring 
Borehole 8.45 2017 

KQP17 Field -28.31450 32.07760 112 Exploration 
Borehole   2017 

SPX10 Field -28.31555 32.07719 116 Exploration 
Borehole 24.9 2017 

A9.ABS.BH1 Field -28.30791 32.08258 149 
Old Mine 

Abstraction 
Borehole 

  2017 

QNP-019 Field -28.30914 32.08414 142 Exploration 
Borehole 17.9 2017 

KQP48 Field -28.32473 32.06757 99 Exploration 
Borehole 17.2 2017 

KQP47 Field -28.32528 32.06842 93 Exploration 
Borehole 16 2017 

KQP51 Field -28.32521 32.06476 73 Exploration 
Borehole 8.4 2017 

KQP26 Field -28.30998 32.08107 156 Sealed   2017 

A9.ABS.BH2 Field -28.31000 32.08111 157 
Old Mine 

Abstraction 
Borehole 

  2017 

Exploration 
BH6 Field -28.32540 32.06892 98 Sealed   2017 

Exploration 
BH2 Field -28.32701 32.06951 95 Sealed   2017 

min (mbgl) 5.0 

max (mbgl) 29.6 

average (mbgl) 15.5 
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3.2 Geophysical investigation and drilling 

A geophysical investigation, with the use of magnetic (Mag) and electromagnetic (EM) 

methods, were completed in vicinity of the Area 8 and 9 opencast workings (refer to 

Appendix A for detailed survey area and visualisation of some data). Monitoring boreholes 

were sited and drilled based on the geophysical information obtained. 

The geophysical investigation and drilling areas are indicated in Figure 3-1, below. Due to the 

vast array of data only the key-findings are highlighted below: 

• Mag data suggest that dolerite dykes and sills are not encountered often in Area 8.  

o Supporting exploration borehole log data for Area 8 suggest that dolerite 

intrusions may intersect the southern corner of the pit Luhlanga. However, 

the dolerite spatial orientation could not be successfully traced. 

o No monitoring boreholes were sited and drilled in Area 8. 

• Mag and EM data suggest the occurrence of a shallow dolerite sill towards the 

northeast and western areas of Area 9. Moreover, a potential dolerite/metamorphic 

contact zone has been identified in the area.  

o Three (3) boreholes (A9.BH1 to A9.BH3) were sited and drilled at peak 

magnetic and electromagnetic anomalies identified in Area 9. The borehole 

logs are available in Appendix B. 

o Available data suggest that the KwaQubuka pit will intersect a portion of the 

dolerite sill identified in the area.  

• The spatial orientation of the dolerite intrusions are difficult to map due to the block 

faulting in the area. The strike of the dolerite dykes in this area are both parallel and 

perpendicular to the direction of groundwater flow and therefore act as no-flow and 

preferential flow boundaries. 

 
3.3 Aquifer testing 

GCS has aquifer test data for several other boreholes situated in Area 1, Area 2 and Area 8. 

Constant rate pump tests were performed on two (2) of the boreholes (namely, A9.BH1 and 

A9.BH2) drilled in Area 9 to update aquifer parameters for this area. The data is available in 

Appendix C, and the analyses is discussed in Section 4.5. 
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Figure 3-1: SAM – Field work and hydrocensus boreholes 
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4 AQUIFER CHARACTERISTICS 

Based on available data, the aquifer occurring in the area can be divided into two (2)distinct 

zones: 

1. Weathered to semi-confined aquifer zone: 

a. The sedimentary rocks of the Emakwezini formation (part of the Beaufort 

Group) form the secondary water-bearing strata in the region. In the 

Emakwezini formation, multi-layered aquifers and aquitards are common. It 

is, however, conceptualised as a single unit with interconnectivity between 

layers, as a worst-case scenario.  

b. On average the saturated thickness for the weathered to semi-confined 

aquifer zone, determined by boreholes drilled at the site, varies from 10 to 

24 m. However, on a catchment scale, the average weathered thickness is 

estimated to be in the order of 14-30 m (King et al., 1998) 

2. Confined fractured aquifer zone: 

a. The Ecca and Dwyka Formation, which underlies the Emakwezini formation, 

normally has a very low permeability due to its secondary aquifer 

characteristics. The aquifer can be referred to as being primarily fractured 

and acts as an aquitard. Preferential groundwater flow is known to be 

associated with fault or intrusive rock contact zones. 

b. The saturated fractured aquifer thickness for the general area is estimated to 

be in the order of 90 to 100 m (King et al., 1998; and Lourens, 2013). 

 
In general, the aquifer in the study area can be referred to as being predominantly 

intergranular and fractured. These aquifer types generally have very low to medium primary 

hydraulic conductivity and medium to low porosity values due to the secondary nature of the 

aquifer (King et al., 1998). A conceptual drawing of the typical aquifer zones in the study area 

is presented in Figure 4-1. 
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Figure 4-1: Conceptualisation of the study area aquifer zones 
 
 
4.1 Preferential flow paths 

Dolerite intrusions in the form of dykes and sills are common in the Karoo Supergroup, and are 

often encountered in the study area. These intrusions can serve as both aquifers and 

aquifuges1. 

Thick un-weathered dykes will inhibit the flow of water, while the baked and cracked contact 

zones can be highly conductive. These conductive zones effectively interconnect the strata of 

the Ecca sediments both vertically and horizontally into a single, but highly heterogeneous 

and anisotropic zone on the scale of a typical mining activity. 

Preferential groundwater flow is highly likely to be associated with bedding planes in contact 

with the coal seam as well as along “baked” zones associated with the intrusive dolerite dyke 

and sills in the area. Various dolerite dykes and contact zones have been mapped during the 

course of the open pit mining activities in the area. The strike of the dykes in this area are 

both parallel and perpendicular to the direction of groundwater flow and therefore act as no-

flow and preferential flow boundaries. 

 

 

 

                                                 
1 Aquifuge: An impermeable body of rock which contains no interconnected openings or interstices and therefore 
neither absorbs nor transmits water. 
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4.2 Primary groundwater occurrence 

Figure 4-2 plots available water strike data for boreholes drilled within Somkhele Area 2, 8 

and 9 (up to depths of 40 to 100 mbgl) and the lithology in which water strikes were 

encountered. The data represents 1st water strikes intercepted, for 2nd water strikes are rarely 

encountered. 

It can be seen that water strike depths are not consistent in the area and occurs within / along 

various predominantly occurring geology types and contact zones. On average, a water strike 

is expected between 27 to 35 mbgl for interbedded sandstone, siltstone, shale and coal layers. 

The water strike associated with intrusive rock varies from 11 to 35 mbgl. Available data 

suggest a non-uniform and complex aquifer system. 

According to available field data and supporting literature for the region (King et al., 1998), 

groundwater is typically encountered in/along: 

• Dolerite dyke and sill contacts with host rock; 

• Contact zones between lithologies or unconformities; and 

• Faults and associated fracture zones.  

 

 
Figure 4-2: Borehole water strike depths 
 
 
4.3 Groundwater levels 

There are a number of monitoring boreholes situated at the Somkhele Anthracite Mine which 

are monitored. Moreover, a number of groundwater levels have previously been recorded in 

hydrocensus boreholes identified in the area (GCS, 2008). The groundwater levels observed 

are summarised as follows: 
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• Groundwater levels for mining Area 2 ranges from 2 to 30 mbgl; 

• Groundwater levels for mining Area 8 ranges from 10 to 36 mbgl; and 

• Groundwater levels for mining Area 9 ranges from 9 to 16 mbgl. 

 
Figure 4-3 plots the groundwater elevation vs topographic elevation for hydrocensus boreholes 

situated within Area 8 and Area 9. Water level data for the 2008 and 2017 hydrocensus events 

are compared. It can be seen that there is a good linear relationship between topographic and 

groundwater elevations for both 2008 and 2017 data.  

The data suggest that the groundwater table mimics the topography, and that groundwater 

levels haven’t changed much since the initial hydrocensus was carried out in 2008. 

 

 
Figure 4-3: SAM – Groundwater elevation vs topographic elevation 
 
 
4.4 Aquifer yield 

Boreholes drilled at Somkhele rarely has a blow yield which can be measured. However, high 

blow yields in the range of 3 to 5 l/s have been recorded for boreholes drilled in low 

topographical areas, specifically into contact zones associated with dolerite intrusions. The 

aquifer is considered a low yielding aquifer and has a reported yield in the order of 0.1 l/s to 

0.5 l/s (King et al., 1998). 

 
4.5 Aquifer hydraulics and aquifer testing 

Constant rate pump tests have been performed on several boreholes situated in the study 

area. Moreover, constant rate pump tests were performed on two (2) of the boreholes drilled 

in Area 9 during this investigation (refer to Appendix C). Available hydraulic conductivity data 

for the Somkhele Anthracite Mining Area is listed in Table 4-1. 
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The aquifer has small T values (ranging from 0.1 to 9 m²/day, geometric average 0.5 m²/day). 

Hence, groundwater flow throughout the saturated aquifer zones is slow. It is anticipated that 

T values will be greater along high weathered dolerite dykes or contact zones. 

 
Table 4-1: Aquifer test results (2008 to 2018 data) 

BH CRT T-value (m²/d) BH Depth (m) Predominate Geology K 10m Aquifer Zone 
(m/d) 

GC-BH1 0.17 50.00 Dolerite 0.017 
GC-BH3 0.24 50.00 Dolerite 0.024 

SM8 0.25 40.00 Dolerite 0.025 
SM9 2.70 40.00 Mudstone 0.270 
SM6 4.00 60.00 Sandstone 0.400 
SBH3 0.27 62.00 Sandstone 0.027 
SBH5 3.92 80.00 Sandstone 0.392 

GC-BH2 0.15 50.00 Sandstone 0.015 
SM1 0.25 60.00 Sandstone and Shale 0.025 
SM4 0.70 60.00 Sandstone and Shale 0.070 
SM7 0.10 60.00 Sandstone and Shale 0.010 
SBH1 7.76 61.00 Sandstone and Shale 0.776 
SBH2 0.65 41.00 Sandstone and Shale 0.065 
SBH4 0.23 40.00 Sandstone and Shale 0.023 

GWP011 0.35 56.73 Sandstone and Shale 0.035 
GWP055 0.55 52.44 Sandstone and Shale 0.055 
GWP028 9.17 19.21 Sandstone and Shale 0.917 
GWP023 0.49 44.65 Sandstone and Shale 0.049 
OPP013 0.46 32.00 Sandstone and Shale 0.046 
OPP005 0.05 42.53 Sandstone and Shale 0.005 
QNP016 1.51 23.47 Dolerite 0.151 
SPX143 0.81 22.22 Sandstone and Shale 0.081 

SM2 0.35 60.00 Shale 0.035 
SM3 0.20 60.00 Shale 0.020 

A9.BH2 0.19 60.00 Sandstone and Shale 0.019 
A9.BH3 0.23 60.00 Sandstone and Shale 0.023 

Min T 0.01 
Max T 0.92 

Average T 0.14 
CRT = Constant Rate Test, RT = Recovery Test, SND = Sandstone, DOL = Dolerite 
 

4.6 Aquifer storage / storativity 

According to King et al. (1998) and DWAF (2006), the aquifer storage / storage coefficient is 

in the order of magnitude of < 3.1 x 10-3 (unitless). The porosity of the aquifer is expected to 

range from 15 to 20 %. Literature data suggest that aquifer storage coefficients range from 

5 to 10%. 
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4.7 Groundwater recharge 

Recharge is defined as the process by which water is added from outside to the zone of 

saturation of an aquifer, either directly into a formation, or indirectly by way of another 

formation. he effective rainfall-recharge is dependent on catchment geology, soils and surface 

run-off and stream morphology. Literature suggests recharge in the order of 3.5 to 4.5 % (King 

et al., 1998; DWAF, 2006) of the MAP for the study area, and will vary depending on the annual 

rainfall.  

The groundwater recharge (R) for the area was also calculated using the chloride method 

(Bredenkamp et al., 1995) and is expressed as a percentage of the MAP. The method is based 

on the following equation: 

 
𝑹𝑹 =  𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝒄𝒄𝑪𝑪𝒄𝒄𝒄𝒄𝑪𝑪𝒄𝒄𝒄𝒄𝑪𝑪𝒄𝒄𝒄𝒄𝑪𝑪𝑪𝑪𝒄𝒄 𝑪𝑪𝒄𝒄 𝑪𝑪𝒄𝒄𝑪𝑪𝒄𝒄𝒓𝒓𝒄𝒄𝑪𝑪𝑪𝑪

𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝒄𝒄𝑪𝑪𝒄𝒄𝒄𝒄𝑪𝑪𝒄𝒄𝒄𝒄𝑪𝑪𝒄𝒄𝒄𝒄𝑪𝑪𝑪𝑪𝒄𝒄 𝑪𝑪𝒄𝒄 𝒈𝒈𝑪𝑪𝑪𝑪𝒈𝒈𝒄𝒄𝑪𝑪 𝒘𝒘𝒄𝒄𝒄𝒄𝑪𝑪𝑪𝑪
 𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏   Equation 1 

 
The average chloride in rainfall for areas located within 150-200 km from the coast is 

approximately 2.5 to 3.9 mg/l. Based on available chloride concentration data the recharge 

is calculated as follows: 

 
𝑹𝑹(𝒄𝒄𝒂𝒂𝑪𝑪𝑪𝑪𝒄𝒄𝒈𝒈𝑪𝑪) =  𝟒𝟒.𝟐𝟐 𝒎𝒎𝒈𝒈/𝑪𝑪

𝟏𝟏𝟏𝟏𝟏𝟏 𝒎𝒎𝒈𝒈/𝑪𝑪
 𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏 = 𝟐𝟐.𝟖𝟖 %     Equation 2 

 
Groundwater recharge, calculated using the chloride (Cl) method, gives rainfall recharge 

figures varying between as high as 3.6 % and as low as 2.2 %. Using 2.8 %, the groundwater 

recharge is estimated to be in the order of 23.3 mm/yr. 

 
4.8 Aquifer classification 

The aquifer present can be classified as a Minor Aquifer system (Parsons, 1995). These can be 

fractured or potentially fractured rocks which do not have a high primary permeability or 

other formations of variable permeability. Aquifer extent may be limited and water quality 

variable. Although these aquifers seldom produce large quantities of water, they are 

important for local supplies and in supplying base flow for rivers. 
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5 HYDROCHEMISTRY 

The following section supplies a brief overview of the general hydrochemical conditions for 

the SAM, as well as hydrocensus boreholes situated in the catchment. The aim of this section 

is to quantify and illustrate mine water impacts vs ambient water quality conditions. 

 
5.1 Pre-mining water quality 

GCS sampled boreholes drilled in the Somkhele area in 2001 before mining started. It is 

anticipated that the data for these boreholes represent and characterise the pre-mining 

groundwater quality of the aquifer system.  

The pre-mining hydrochemistry ranges are summarised in Table 5-1, below. From the pre-

mining hydrochemistry data reviewed, the following can be said: 

• The groundwater generally exhibits neutral pH conditions. 

• On average the electrical conductivity (EC), total dissolved solids (TDS), dissolved 

calcium (Ca), dissolved magnesium (Mg), dissolved sodium (Na), dissolved chloride 

(Cl) and dissolved manganese (Mn) plots above DWAF (1996) ideal water quality 

ranges for potable water use.  

• On average dissolved sulphate (SO4) and dissolved nitrate (NO3), which are 

typically associated with pollution from South African coal mines (INAP, 2018), 

generally plot well within DWAF (1996) ideal water quality ranges for potable 

water use. 

• A piper diagram for the groundwater hydrochemistry is shown in Figure 5-1. The 

following summarises the piper interpretation: 

o It can be seen that the sample spread plots near the mid-right corner of 

the left; and from the middle towards the right corner of the right ternary 

diagram, respectively. Hence, the majority of the samples plot towards 

the mid-right centre of the rhombus. 

o The data suggest that the ions in the groundwater fluctuate due to 

different geological occurrences which influence chemical weathering of 

the aquifer rock. However, bicarbonate (HCO3
-), sodium (Na+), magnesium 

(Mg2+). Calcium (Ca2+) and chloride (Cl-) appears to be the dominant ions, 

and sulphate (SO4
2-) and potassium (K+) are the lesser ions.  

o The water can be classified as alkali-carbonate dominant as well as 

predominantly saline. The data suggest that groundwater encountered in 

the area is old and that significant ion-exchange reactions between the 

host rock and groundwater have taken place. 
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Table 5-1: Pre-mining water quality (2001 data) 

Constituent Quality Range (based on 
2001 data) Average DWAF (1996) TWQR - 

Domestic Use 
pH 7.57 - 8.09 7.8525 6 - 9 

EC mS/m 176.8 - 630 438.475 0 - 70 
TDS mg/l 1078 - 3666 2433 0 - 450 
Ca mg/l 64.8 - 212 99.925 0 - 32 
Mg mg/l 52.1 - 155 105.6125 0 - 30 
Na mg/l 129 - 436 332 0 - 100 
K mg/l 1.34 - 12.3 5.82375 0 - 50 

MALK mg/l 448 - 844 604.625 ns 
Cl mg/l 217 - 1825 1072.25 0 - 100 
SO4 mg/l 14.7 - 48 35.1625 0 - 200 

NO3-N mg/l 0.14 - 23.5 3.31125 0 - 6 
F mg/l 0.03 - 0.44 0.2275 0 - 1 
Al mg/l <0.01 - 0.03 <0.01 0 - 0.15 
Fe mg/l <0.01 - 0.61 <0.01 0 - 0.1 
Mn mg/l 0.13 - 0.61 0.312 0 - 0.05 

Cu mg/l <0.01 <0.01 0 - 1 

Zn mg/l <0.01 <0.01 0 - 3 
 

 
Figure 5-1: SAM – Pre-mining water quality piper plot 
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5.2 Local groundwater quality (Area 2, 8 and 9 monitoring network) 

Table 5-2 lists the general water quality ranges for monitoring boreholes situated at the SAM 

Area 2, Area 8 and Area 9. Area 2 data was included, for Area 2 lies adjacent to Area 8 and 

Area 9. The groundwater localities and 3rd quarter water quality is available in Appendix D. 

Data for 2008, 2012, 2016, 2017 and 2018 are discussed in this section to illustrate the 

hydrochemical evolution of the site; and how dissolved SO4 and NO3 typically relates to 

pollution at the mine (i.e. the aforementioned is noted to be high in a borehole drilled close 

to waste disposal or coal handling facilities).  

From the groundwater hydrochemistry data reviewed, the following can be said: 

• The groundwater boreholes situated on-site; and downstream of the various 

processing plants, stockpiles and opencast workings generally exhibit neutral pH 

conditions. 

• Exploration boreholes and new boreholes drilled in Area 8 and 9 exhibit water 

quality conditions similar to pre-mining boreholes drilled in the area (refer to 

Table 5-2). 

• Boreholes in Area 2, Area 8 and Area 9 exhibit high dissolved calcium (Ca), 

dissolved magnesium (Mg), dissolved sodium (Na), dissolved chloride (Cl) and 

dissolved manganese (Mn) above DWAF (1996) ideal water quality ranges for 

potable water use (refer to Table 5-1 and Table 5-2). 

• From the data reviewed it is clear that SO4 is the major indicator of pollution at 

the SAM. The aforementioned constituent is high in Area 2, where coal stockpiles 

and backfilling has taken place, compared to pre-mining and hydrocensus data 

(refer to Figure 5-2 and Figure 5-3). 
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Figure 5-2: Macro constituents - comparison of pre-mining WQ vs Area 2-9 WQ 
 

 
Figure 5-3: Microconstituents - comparison of pre-mining WQ vs Area 2-9 WQ 
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Table 5-2: Typical groundwater quality in Area 2, Area 8 and Area 9 
Constituent Quality 

Range 
(2008) 

Quality 
Range 
(2012) 

Quality 
Range 
(2016) 

Quality Range 
(2017) 

Quality Range 
(2018) 

 
Average Area 2 
(2018) 

Average Area 8 
(2018) 

Average Area 9 
(2018) 

DWAF (1996) TWQR 
- Domestic Use 

pH 7.04 - 7.2 7 - 8.5 6.7 - 9 6.76 - 8.62 6.2-9.4 7.48 7.02 6.88 6 - 9 

EC mS/m 117.1 - 715 119 - 572 249 - 712 82.6 - 655 63-1160 390.89 693.89 589.50 0 - 70 

TDS 
  

1484 - 4172 619.96 - 4774.0 360-7000 2340.79 3924.44 3796.67 0 - 450 

Ca mg/l 62 - 243 13.6 - 134 8.7 - 339 20.7 - 163.5 1-289 76.57 80.79 101.24 0 - 32 

Mg mg/l 40 - 208 5.8 - 221 30 - 254 27.0 - 156.9 0.38-327 84.89 103.67 147.37 0 - 30 

Na mg/l 169 - 846 120 - 1031 325 - 1300 70.61 - 930.8 95-2250 678.05 1313.11 972.50 0 - 100 

K mg/l 
 

0.64 - 7.3 1.2 - 30 0.7 - 13.3 1.1-68 10.79 8.98 11.62 0 - 50 

Cl mg/l 140 - 1980 76 - 1398 100 - 1590 45.9 - 1351.1 40-3500 761.87 1979.89 1836.08 0 - 100 

SO4 mg/l 17 - 66 0.5 - 930 4.77 - 2720 0.8 - 1375.9 3.8-1740 479.47 100.22 96.17 0 - 200 

NO3 mg/l 
  

0.18 - 8.6 2.3 - 7.5 0.06-19 0.80 0.74 5.76 0 - 6 

HCO3 mg/l 
 

24 - 1300 153 - 820 208.6 - 804.3 70-1495 534.26 942.33 611.50 ns 

Fe mg/l 0 - 0.22 0.001 - 24 0.009 - 1.9 0.02 - 2.0 0.14-0.29 0.230 0.140 0.290 0 - 0.1 

Mn mg/l 0.07 - 0.14 0.001 - 0.88 0.004 - 3.2 0.05 - 1.3 0.003-2.1 0.395 0.049 0.183 0 - 0.05 

Al mg/l 
 

0.003 - 0.1 0.001 - 0.03 0.04 - 0.08 0.003-2.5 0.132 0.019 0.136 0 - 0.15 

MALK mg/l 850 - 1470 
 

92 - 768 171.0 - 659.3 65-1225 461.74 780.56 501.33 ns 

CO3 mg/l 
  

15 - 84 102.6 - 395.5 15-150 66.38 45.00 0.00 ns 

Min, Max and Average values for borehole GC-BH1, GC-BH2, GC-BH3, GC-BH4, GC-BH5, SM7, SMA2-BH11, SMA2-BH12, SMA2-BH13, SMA2-BH14, SMA2-BH16, SWX1, SWX3, A9.BH1, A9.BH2, A9.BH3, A9.BH3, SPX10, QNP019, KQP59, 

GCS06 and KQP76 were used for the data range chosen 

 
 



Tendele Coal (Pty) Ltd Area 8 & 9 Hydrogeology Update 

17-0442 4 February 2019 Page 45 

5.3 Local surface water quality (Area 1, 2, 8 and 9 monitoring network) 

There are no surface water monitoring points within Area 8 and 9. This is due to very low and 

no-flow conditions of the various non-perennial streams situated in the area (ephemeral 

streams). However, there are several surface water monitoring sites situated in Area 2, which 

is adjacent to Area 8 and 9.  

The reason for surface water monitoring points in Area 2 is due to the presence of two (2) 

surface water storage dams (namely, Myenge 1 and Myenge 2) which are situated in a perennial 

drainage line. Moreover, the coal beneficiation, pollution control dams (PCDs), workshops, 

coal waste storage facility and coal stockpile areas are upstream of these dams. Other surface 

water monitoring points are situated in Area 1 located near the Umfolozi River (UM-U to 

UM- D). 

The surface water localities and 3rd quarter water qualities is available in Appendix D. The 

typical hydrochemistry at the points are summaries in Table 5-3, below.  

From the surface water hydrochemistry data reviewed, the following can be said: 

• All surface water monitoring points exhibit neutral pH conditions. 

• High EC is observed at all Area 2 surface water monitoring points (A2S2, A2S3, S2PCD1) 

and at one surface water point in Area 1 (A1S1).  

o The above mentioned points tend to exhibit high Ca, Mg, Na, Cl and SO4 

concentrations with regards to DWAF (1996) ideal water quality ranges for 

domestic use. 

o High manganese (Mn) is observed at A2PCD1, which is a pollution control dam 

upstream of Myenge Dam 1. 

• Low EC is observed at surface water monitoring points situated in the Umfolozi River 

(UM-U to UM-D). 

o High dissolved iron (Fe) is noted at UM-U1, a surface water point closest to 

the Area 1 pits. However, none of the other points indicate high Fe. 

• Available surface water data suggest that mining in Area 1 has not impacted the 

Mfolozi River. However, there is a definite impact on the surface water environment 

within Area 2. 
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Table 5-3: Typical surface water quality at Somkhele (3rd quarter 2018 data) 

Constituent 

Area 2 Area 1 
DWAF (1996) 

TWQR - 
Domestic Use A2S2 

(Myenge 2) A2S3 (Myenge 1) 
A2PCD1 

(Pollution 
Control Dam) 

A1S1 
UM-U 

(Umfolozi 
Upstream) 

UM-U1 
(Umfolozi 

Upstream 1) 

UM-D1 (Umfolozi 
Downstream 1) 

UM-D 
(Umfolozi 

Downstream) 

pH 8.4 7.8 8 7.8 8.5 8.5 8.4 8.4 6 - 9 

EC (mS/m) 213 717 609 316 50 48 51 52 0 - 70 

Ca (mg/l) 103 422 409 106 29 28 29 31 0 - 32 

Mg (mg/l) 93 337 309 88 21 20 21 21 0 - 30 

Na (mg/l) 243 717 653 443 42 40 43 44 0 - 100 

K (mg/l) 5.3 15 17 15 4 3.8 4.4 4.2 0 - 50 

Cl (mg/l) 219 279 347 485 53 51 56 58 0 - 100 

SO4 (mg/l) 664 2590 2570 412 20 20 19 19 0 - 200 

NO3 (mg/l) <0.1 3.2 <0.1 <0.1 0.4 0.4 0.4 <0.1 0 - 6 

Fe (mg/l) <0.05 <0.05 <0.05 <0.05 0.1 0.13 0.07 <0.05 0 - 0.1 

Mn (mg/l) <0.002 0.007 2 0.003 0.008 0.003 <0.002 0.003 0 - 0.05 
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6 GEOCHEMICAL TEST WORK 

Fifty-six (56) samples from Somkhele have been subjected to geochemical testing since 2012. 

Table 6-1 lists geochemical sample data available for this assessment. All available 

geochemical data is summaries in the sub-sections, below. 
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Table 6-1: Summary of geochemical testing on samples at Somkhele (2012-2018) 

 
 

Sample ID Rock Type Description XR
D

Mois
tu

re
 lo

ss

AB
A

NAG NAG
 so

ln 
an

aly
sis

Ki
ne

tic
 te

st

Pe
ro

xid
e l

ea
ch

W
at

er
 an

aly
sis

DW
 le

ac
h (

1:
4)

Ac
id 

le
ac

h

AIS871 Discard Discard into pit BCDE sample1 1 1 1 1 0 25 weeks 0 0 0 0
AIS872 Discard Discard into pit BCDE sample2 1 1 1 1 0 0 0 0 0 0
AIS873 Product peas product from big s/pile 0 0 0 0 0 0 0 0 0 0
AIS874 Product spiral product plant 2 0 0 0 0 0 0 0 0 0 0
AIS875 Duff prime duff plant 2 0 0 0 0 0 0 0 0 0 0
AIS876 Tailings plant 1 slurry solid 1 1 1 1 0 0 1 0 0 0
AIS877 Tailings plant 2 slurry solid 1 1 1 1 0 0 1 0 0 0
AIS826 Water plant 1 slurry water 0 0 0 0 0 0 0 1 0 0
AIS827 Water plant 2 slurry water 0 0 0 0 0 0 0 1 0 0
AIS828 Water Pit A slurry water 0 0 0 0 0 0 0 1 0 0
AIS 878 Tailings Probably slurry - confirm 0 0 0 0 0 25 weeks 0 0 0 0
AIS 871-878 Tailings + discard Composite 0 0 0 0 0 25 weeks 0 0 0 0
A1 Carbonaceous Shale Carb. Shale A1 Carbonaceous Shale 1 0 1 1 0 0 0 1 1 0
A1 Carbonaceous Sandstone Sandstone A1 Carbonaceous Sandstone 1 0 1 1 0 0 0 1 0 0
A1 Coal Coal A1 Coal 0 0 1 1 0 0 0 0 1 0
A8 Carbonaceous Shale Carb. Shale A8 Carbonaceous Shale 1 0 1 1 0 0 0 1 1 0
A8 Carbonaceous Siltstone Siltstone A8 Carbonaceous Siltstone 0 0 1 1 0 0 0 0 0 0
A8 Sandstone Sandstone A8 Sandstone 1 0 1 1 0 0 0 1 0 0
A9 Carbonaceous Sandstone Sandstone A9 Carbonaceous Sandstone 0 0 1 1 0 20 weeks 0 0 0 0
A9 Sandstone Sandstone A9 Sandstone 1 0 1 1 0 20 weeks 0 1 0 0
A9 Carbonaceous Shale Carb. Shale A9 Carbonaceous Shale 1 0 1 1 0 0 0 1 1 0
A9 Main Seam Coal Coal A9 Main Seam Coal 0 0 1 1 0 20 weeks 0 0 1 0
PIT BDE Discard Discard PIT BDE Discard 0 0 1 1 0 0 0 0 1 0
BUS331 Tailings 1.2 kg Slurry 0 0 0 0 0 15 weeks 0 0 0 0
BUS421 Tailings 1.2 kg Slurry + 10 mg FLOC 0 0 0 0 0 10 weeks 0 0 0 0
BUS511 Discard 1 kg Discard 0 0 0 0 0 15 weeks 0 0 0 0
BUS655 Tailings + discard 826.08 g Discard  +209 g slurry 0 0 0 0 0 15 weeks 0 0 0 0
BUS768 Tailings + discard 826.08 g Discard  +209 g slurry + 10 mg FLOC 0 0 0 0 0 10 weeks 0 0 0 0
BUS899 Tailings + discard 714.28g Discard +343 g Slurry 0 0 0 0 0 15 weeks 0 0 0 0
SOMR1 Sandstone Weathered sandstone; 0 0 1 1 0 0 0 0 1 0
SOMR2 Sandstone Sandstone 0 0 1 1 0 0 0 0 1 0
SOMR3 Shale Shale (marker) 0 0 1 1 0 0 0 0 1 0
SOMR4 Interbedded SSS Interbedded sandstone, siltstone and shale; 0 0 1 1 0 0 0 0 1 0
SOMR5 Shale Shale parting 0 0 1 1 0 0 0 0 1 0
SOMR6 Discard Discard 0 0 1 1 0 0 0 0 1 0
SOMR7 Tailings Slurry 0 0 1 1 0 0 0 0 1 0
SOMR8 Carb. Shale Carbonaceous shale (footwall). 0 0 1 1 0 0 0 0 1 0
GCS 1A Discard Coal discard 0 0 1 1 1 0 0 0 1 1
GCS 1B Discard Coal discard 0 0 1 1 1 0 0 0 1 1
2-Coal slurry Tailings 0 0 1 1 1 0 0 0 1 1
OPD 009 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0
OPD 009 Dolerite Dolerite 0 0 1 1 1 0 0 0 1 0
OPD 009 Coal B3 coal and shale 0 0 1 1 1 0 0 0 1 0
OPD 009 Shale Shale 0 0 1 1 1 0 0 0 1 0
GWD 007 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0
GWD 007 Shale Shale 0 0 1 1 1 0 0 0 1 0
GWD 007 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0
GWD 007 Shale Shale 0 0 1 1 1 0 0 0 1 0
GWD 011 Sandstone Sandstone 0 0 1 1 1 0 0 0 1 0
GWD 011 Shale Shale 0 0 1 1 1 0 0 0 1 0
Slurry Tailings Plant 0 0 1 1 1 0 0 0 1 0
Discard Discard Fresh 0 0 1 1 1 0 0 0 1 0
Discard 1 Discard 0 0 1 1 0 0 0 0 0 0
Discard 2 Discard 0 0 1 1 0 0 0 0 0 0
Tailings 1 Tailings 0 0 1 1 0 0 0 0 0 0
Tailings 2 Tailings 0 0 1 1 0 0 0 0 0 0

TOTALS 10 4 42 42 15 0 4 9 29 3Total
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6.1 Acid Potential 

Based on available sample data, the Acid-Base Accounting (ABA) results indicate the following 

(Figure 6-1): 

• Discard and coal are generally PAG (potentially acid generating); 

• Tailings (slurry) are generally non-PAG (not potentially acid generating); and 

• Overburden lithologies are generally non-PAG (not potentially acid generating). 

 
The Net Acid Generation (NAG) results present a different picture of acid potential (Figure 

6-2): 

• The PAG nature of discard is confirmed (as per the findings of the ABA); 

• Tailings (slurry) is revealed to be PAG in the long term; and 

• Overburden lithologies are generally confirmed as non-PAG 

The ABA results suggest that the neutralisation potential in the tailings (slurry) is enough to 

offset the acid potential. However, the NAG results suggest that not all the neutralisation 

potential is readily available. 

 

 
Figure 6-1 Summary of NP/AP vs. %S for Somkhele samples 
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Figure 6-2: Summary of NAG pH vs. %S for Somkhele samples 
 
 
6.2 Mineralogy 

X-Ray Diffraction (XRD) tests have been conducted on dried coal slurry, discard, sandstone 

and shale (combined number of 10 in total) and to classify the typical minerals associated with 

the waste rock. Table 6-2 provides a summary of the average mineral content (in weight 

percentage -wt%) associated with the various mine and waste rock. Table 6-3 presents a 

summary of the XRD data, form laboratory testing. The XRD results were used to calculate the 

initial number of reactants present in the backfill. 

Calcite, dolomite and siderite were the only carbonate minerals identified. Pyrite was the 

main sulphide mineral in the rock samples. Potential acid neutralising minerals included 

calcite, dolomite and siderite. 
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Table 6-2: Average mineral content for waste rock and overburden 
Info Average Mineral Content (wt%) 

Mineral Density (g/cm³) Molar mass (g/mol) Sandstone Shale Discard Slurry 

Calcite 2.71 100.0869 0.00 0.00 1.56 1.90 

Dolomite 2.84 184.4008 0.00 0.00 0.56 0.18 

Graphite 2.26 12.0107 0.00 0.00 50.89 68.91 

Illite 2.61 389.34 0.00 0.00 9.64 3.25 

Greenalite (Chlorite) 2.42 67.448 6.24 3.95 0.00 0.00 

Quartz 2.66 60.08 39.67 50.16 23.90 14.29 

Plagioclase 2.68 270.77 27.06 6.14 0.00 0.00 

Siderite 3.9 115.86 0.00 0.93 0.45 0.09 

Kaolinite 2.63 258.1604 0.00 3.46 5.50 4.61 

Pyrite 5.01 119.98 0.00 0.54 0.98 0.85 

Muscovite 2.83 398.71 11.40 25.16 5.61 4.84 

Microcline 2.56 278.33 15.64 0.00 0.00 0.00 

Magnetite 5.175 231.5326 0.00 0.02 0.96 1.11 

Organic C 1.1 207.252 0.00 9.64 0.00 0.00 

 
Table 6-3: Summary of available minerals identified via XRD data (wt%) 

Sample ID A1 Shale A1 Sandstone A8 Shale A8 Sandstone A9 Sandstone A9 Shale AIS871 AIS872 AIS876 AIS877 

Lithology Shale Sandstone Shale Sandstone Sandstone Shale Discard Discard Slurry Slurry 
Calcite 

      
1.78 1.33 2.55 1.24 

Dolomite 
      

0.74 0.37 
 

0.35 
Graphite 

      
55.48 46.3 73.99 63.82 

Illite 
      

8.33 10.94 
 

6.49 
Chlorite 

 
12.95 4.08 3.58 2.18 7.77 

    

Quartz 32.19 23.83 63.15 46.8 48.38 55.13 21.09 26.7 12.25 16.33 
Plagioclase 

 
19.72 7.59 40.93 20.52 10.83 

    

Siderite 2.8 
     

0.39 0.5 
 

0.18 
Kaolinite 10.38 

     
5.38 5.61 4.64 4.58 

Pyrite 1.63 
     

1.22 0.73 0.8 0.9 
Muscovite 24.03 18.25 25.18 8.69 7.25 26.27 4.81 6.4 4.78 4.9 
Microcline 

 
25.25 

  
21.66 

     

Magnetite 0.05 
     

0.79 1.13 1 1.22 
Organic C 28.91 
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6.3 Static leach testing 

Averages of distilled water leach tests for sixteen (16) samples tested (latest data) is 

summarised in Table 6-4. For the distilled water leach test a water/rock ratio of 1:4 was used 

(250 grams of the material sample were agitated with 1 litre of distilled water for 20 hours). 

The samples were extracted with distilled water like the ASTM D3987 (2006) procedure. The 

average water quality obtained for each rock type was used to calculate the likely initial pore 

water quality. 

The hydrochemistry results are compared to the DWAF (1996) target water quality ranges 

(TWQR) to contextualise the results. These guidelines are developed for potable water supply 

and are only used as a means of comparison to give context to the data.  

The following is noted: 

• On average, all materials exhibit neutral pH conditions. 

• On average, total dissolved solids (TDS) ranges from 20 to 110 mg/l. The highest TDS 

is noted for discard and shale material. These material types also have the highest 

sulphate (SO4) concentrations. 

o The data suggest that shale overburden has a significant SO4 generating 

capacity, followed by discard material. However, more static leach testing 

needs to be undertaken to confirm this. 

• On average, aluminium (Al) and manganese (Mn) concentrations are above DWAF 

(1996) TWQR, for most of the samples. Iron (Fe) is only high in shale and sandstone 

samples. 

• On average, ammonia (NH3) concentration is above DWAF (1996) TWQR. 

• On average, arsenic (As) was only detected in shale material. 

 
Table 6-4: Averaged elements for leach test data (1:4) for overburden and coal wastes 

in mg/l except for pH 
Averages (accept for No. 1 sample) 

DWAF (1996) TWQR - Domestic Use 
Shale Sandstone Coal Discard Dolerite 

No of samples 
averaged 8 4 2 1 1  

pH (Value) 6.03 6.17 7.37 7.50 7.69 6-9 

Al 0.12 0.09 0.07 0.08 0.04 0 - 0.15 

Alk 8.25 4.32 27.25 38.20   ns 

As 0.03   0.01 0.01   0 - 0.01 

B 0.02   0.01 0.01   ns 

Ba 0.02 0.01 0.03 0.04   ns 

Be 0.02   0.01 0.01   ns 

Ca 6.72 2.30 12.02 11.78 0.87 0 - 32 

Cd 0.01   0.01 0.01   0 - 0.005 

Cl 4.33 2.54 5.00 5.00 9.04 0 - 100 

Co 0.12 0.01 0.01 0.01   ns 
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in mg/l except for pH 
Averages (accept for No. 1 sample) 

DWAF (1996) TWQR - Domestic Use 
Shale Sandstone Coal Discard Dolerite 

Cr 0.01   0.01 0.01   0 - 0.05 

Cu 0.02   0.02 0.02   0 - 1 

F 0.23   0.11 0.36   0 - 1 

Fe 4.48 0.24 0.06 0.06   0 - 0.1 

K 2.97 5.53 1.47 3.02 2.98 0 - 50 

Mg 4.12 1.37 1.71 4.73 0.32 0 - 30 

Mn 0.26 0.33 0.07 0.06   0 - 0.05 

NH3-N 8.25   3.32 1.52   0 - 1 

NO3-N 0.74 0.11 1.99 0.20 0.14 0 - 6 

Na 7.70 3.70 2.93 8.41 5.87 0 - 100 

Ni 0.16 0.01 0.01 0.01   ns 

P 0.05 0.20 0.05 0.05 0.20 ns 

Pb 0.01   0.01 0.01   0 - 0.01 

SO4 51.93 19.67 14.74 33.56 5.12 0 - 200 

Sr 0.07 0.01 0.36 0.16 0.01 ns 

V 0.01   0.01 0.01   0 - 0.1 

Zn 0.20 0.03 0.01 0.01   0 - 3 

TDS 93.01 39.05 71.30 107.36 24.58 0 - 450 

 
 
6.4 Kinetic leach testing 

Geochemical characterisation results indicate the initial and long-term release rates of 

chemical components from the samples of slurry, discard, sandstone, shale and mixtures under 

dry, oxidising conditions. Initial release rates may be considered “first flush” rates from fresh 

material. 

The data indicate ranges of sulphate release rates of one to two orders of magnitude within 

the same material, refer to Figure 6-3. Table 6-5lists the condensed sulphate release rates. 

The following is noted, with regards to the release rates: 

• Initial sulphate release rates from discard and slurry differ by about 11-17%.  

• Overburden lithology (shale and sandstone) have very low sulphate release rates 

(approx. 60 to 80 % less than coal waste material). 

• Long-term release rates differ by almost one order of magnitude with slurry release 

rates lower than discard. This result is counter-intuitive as the finer grain size of the 

slurry relative to the discard should result in a higher surface area exposed to 

oxidation during the humidity cell testing and higher element release rates. However, 

oxygen diffusion through water is slow. Moisture in the slurry during the kinetic tests 

may have limited access to oxygen, resulting in lower element release rates.  
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• Mixtures of slurry and discard have lower initial and long-term sulphate release rates 

than discard on its own. This suggests that, as a general principle for closure planning, 

discard and slurry should be co-disposed as a mixture to reduce long-term water 

quality impacts. 

 

 
Figure 6-3: Comparison of initial vs. long-term sulphate release rates 
 
 
Table 6-5: Summary of sulphate release rates for Somkhele material 

Material Description Initial release rate 
[mg/kg/week] 

Lon-term release rate 
[mg/kg/week] 

Discard Median of 2 samples 1095.9 213.1 

Slurry Median of 3 samples 1867.8 21.0 

Co-Disposed Median of 3 samples 1085.8 61.5 

Sandstone 1 sample 31.4 5.3 

Shale 1 sample 159.0 6.8 

Coal 1 sample 298.2 28.2 

Overburden (sandstone & 
shale) 

Median of 2 samples 95.1 17 
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7 CONCEPTUAL HYDROGEOLOGICAL MODEL 

The following section supplies an overview of the hydrogeological conceptual model used to 

develop the numerical groundwater flow and transport model. The hydrogeological conceptual 

models for Area 8 and 9 are illustrated by Figure 7-5 and Figure 7-6, respectively. 

The potential hydrogeological risks, in terms of groundwater, are briefly discussed in the 

sections below. Moreover, the risk of flooding and decant were evaluated. 

 
7.1 Area 8 and 9 closure philosophy 

As stated earlier in this report (refer to Section 2.3) the mine wishes to adopt a similar waste 

storage and disposal philosophy, as is implemented in Area 2. The disposal plan is summarised 

in Table 7-1, and briefly summarised as follows: 

1. Placement of coal discard/slurry (co-disposed) into the KwaQubuka pit; and 

2. Placement of waste rock (overburden above the coal) into the Luhlanga pit as well as 

the construction of a overburden dump on the Luhlanga footprint. 
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Table 7-1: Area 8 and 9 closure philosophy 
Pit Luhlanga (Area 8) Pit KwaQubuka (Area 9) 
Preparation of the opencast pit: 

• No pit preparation is anticipated. 
 
Disposal of overburden as follows: 

• A mixture of shale, sandstone, dolerite and siltstone (overburden material above the 
coal seam) will be truck-tipped into the pit. 

• SAM indicated the possibility of likely disposing discard into Box Cut Zero. But there is 
still uncertainty around this. Therefore, the disposal plan for Area 8 can be considered 
preliminary. 

• The capping liner layer will be followed by a 300 mm topsoil layer and will grassed to 
prevent erosion. The entire capping layer ab backfilled material mass will be sloped to 
pre-mining topographical levels. 

 
Disposal levels: 

• SAM proposes to construct a overburden dump on top of the Luhlanga pit footprint.  
• Disposal of overburden will take place above and below the water table. Hence, there 

will be saturated and unsaturated overburden. 
• The overburden dump will be sloped, covered and seeded after it is completed. 

 
Overburden handling / transportation: 

• Overburden material will be transported to the open pit by truck and end-tipped, sloped 
and levelled by mechanical operations to the specified engineering designs. 

Preparation of the opencast pit: 
• Before co-disposal takes place, a 2m thick engineered slurry liner will be placed in layers 

of maximum 500 mm lifts and be compacted to 95% proctor to minimise water ingress, 
for the entire pit area; 

• The slurry layer will be overlain with a 1000 g/m² geotextile, 2mm HDPE geomembrane 
and another 1000 g/m³ geotextile; 

• Following the HDPE and geotextile liner, a drainage collection system (entailing a 200 
mm HDPE PE100 PN12 Perforated Pipe) will be installed; and 

• Any seepage water collected in the drainage system will be removed via several concrete 
manholes which will be extended to the final closure profile using concrete rings. 

 
Co-disposal of discard and slurry as follows: 

• After the pit have been prepped, slurry deposition in the deeper parts of the pit will 
commence until a flat working area is achieved. Slurry will be placed in layers of 
maximum 500 mm, compacted to 95% proctor to achieve a frim base with the required 
barrier specification to start placement of the discard; 

• A series of berms will then be constructed using discard material (aggregate sizes range 
of 1 to 50 mm). Discard will be placed and compacted to 90% MOD AASHTO to create a 
stable berm for further slurry and discard placements (2m high walls with 3 m crests and 
1:1.5 sides).  

• After the first layer of discard is placed, the process will repeat with follow up slurry 
and discard layers, up to the final closure elevation;  

• The pit will be capped with a 600 g/m² geotextile, followed by a 1.5 mm HDPE 
geomembrane and another 600 g/m² geotextile. The membranes will be kept in position 
by using an anchor trench system; and 

• The capping liner layer will be followed by a 300 mm topsoil layer and will grassed to 
prevent erosion. The entire capping layer ab backfilled material mass will be sloped to 
pre-mining topographical levels. 

 
Disposal levels: 

• Co-disposal will take place up to a level approximately 2-5 m below the pre-mining 
groundwater level where an interim HDPE liner or compacted slurry layer will be 
constructed to reduce infiltration; 

• Co-disposal will then continue up to a level of approximately 5-10 m below the pre-
mining topography; and 

• The pit will then be capped, sloped and seeded as discussed above.  
 
Coal handling / transportation: 

• Coal discard material will be transported to the open pit by truck and end-tipped, sloped 
and levelled by mechanical operations to the specified engineering designs; and 

• Slurry will be pumped by a 150mm DDPE pipe-line to the open-pit, allowed to settle 
under gravity and compacted; or will be dewatered before deposition via end-tipping of 
trucks. 
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7.2 Potential groundwater pollution sources 

Most of the mine surface infrastructure can be found in Area 2 which includes three 

beneficiation plants, discard dump, slurry ponds, offices, workshops, etc. No further 

infrastructure is planned for Area 8 and 9. Only the opencast workings and associated 

overburden rock dumps will be situated in the aforementioned areas. 

Based on available mine plan, geochemistry, hydrochemistry and hydrogeological following 

main sources have been identified / are anticipated (refer to Figure 7-5 and Figure 7-6): 

1. Operational / decommission: 

• Nitrate (NO3) leaching into the surrounding aquifer from explosives; 

• Overburden rock dumps (consisting of mixtures of shale, sandstone, siltstone 

and dolerite); and 

• Oil and fuel spills from mining machinery. 

2. Closure: 

• Discard, slurry and overburden material used to backfill the Area 8 and 9 pits;  

• The overburden dump constructed in Area 8; 

• Possible pit lake, which is anticipated to occur (based on the Area 8 mine 

plan); and 

• Rehabilitated rock dump areas. 

 
From the abovementioned, it is clear that there are limited potential groundwater pollution 

sources associated with mining in Area 8 and 9.  

 
7.2.1 Receivers in the local area 
The are no groundwater users downstream of pit Luhlanga or pit KwaQubuka. However, there 

are several non-perennial streams situated downstream of both the pits. The streams are 

seasonal and running water is rarely noted in them (hence no surface water monitoring takes 

place in these areas).  

Considering the above mentioned, the only receivers of likely pollution is the local aquifer 

system. Poor quality seepage may enter the non-perennial streams as baseflow. However, due 

to the mining depth this is unlikely. 
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7.3 Aquifer dewatering / impact on local streams 

The SAM can be described as a dry mine, with little to no groundwater seepage observed on 

exposed high walls or footwall areas. No groundwater ingress data is available and 

groundwater seepage into the pits is only noted during high precipitation events. Available 

groundwater level data for monitoring boreholes in Area 2, Area 8 and Area 9 are plotted in 

Figure 7-1.  

All available information indicates that there is a slight drawdown in the surrounding 

groundwater aquifer. However, the drawdown seems to be more closely related to seasonal 

fluctuations than the mining in the area. Hence, a groundwater dewatering and water level 

rebound model was not carried out as part of this assessment. The impact on the nearby 

surface water streams is highly likely to be low to insignificant. 

 

 
Figure 7-1: SAM - Groundwater level trends (2008 to 2018) 
 
 
7.4 Mine flooding 

From a theoretical point of view, the opencast workings have to flood at some stage, after 

mining ceases in the area. This is due to the pits being situated underneath the regional 

groundwater table. It should also be noted that groundwater seepage into the opencast pits 

are noted after intense precipitation in the area, by which the excess groundwater is removed 

via pumping methods. 
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The period it will take for opencast workings to flood after closure was determined and is 

illustrated by the stage curves in Figure 7-2 and Figure 7-3. The calculations are based on the 

following: 

• An estimated recharge range of 20 to 25 % of the MAP (average is ± 845 mm) is 

estimated for the backfilled voids (Hodgson & Krantz, 1998). 

• The estimate is based on a No-Capping scenario, where maximum infiltration is 

allowed to occur. Moreover, if wet slurry is added to any of the pits recharge will be 

an order of magnitude higher and pit flooding will take place at an accelerated rate. 

• The estimate ignores groundwater inflow and outflow of the pits. It is anticipated that 

the groundwater will contribute only a small fraction of the total recharge directly 

into the pit (evident form limited to no pit inflows during mining). Groundwater inflow 

is estimated to be in the order of approx. 90 m³/day, if aquifer layers are intercepted. 

• The volume of the pit was determined by assessing the pit layouts provided by SAM 

for this study. Global Mapper was used to estimate the cut and fill volumes. 

• Reduced pit volumes as a result of the proposed pit backfilling activities, were not 

considered in the calculations. 

• It is important to remember that the opencast workings will be backfilled with a 

material, decreasing the total water filled volume. It is anticipated that the total 

volume of the pit may decrease by as much as 25 to 50 % the total pore volume if it is 

backfilled. The calculation for an open pit void, 25 % and 50% pore space is illustrated. 

 

 
Figure 7-2: SAM – Area 8 estimated time to flood 
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Figure 7-3: SAM – Area 9 estimated time to flood 
 
Based on the calculations and as seen in Figure 7-2 and Figure 7-3 above, it is estimated that: 

• The total flooding time for the Luhlanga Pit (Area 8) ranges from 40 to 80 years. This 

is based on the assumption that the pit will be backfilled with overburden rock.  

o The above mentioned flooding range for Area 8 can be considered preliminary 

due to no final layout plan being available. The calculation is based on the 

current mine layout (November 2018) and the proposed Luhlanga expansion 

(called box cut zero). 

• The total flooding time for the KwaQubuka Pit (Area 9) ranges from 3 to 7 years. This 

is based on the assumption that the pit will be backfilled with coal discard and slurry 

waste. 

o It should be noted that wet slurry deposition in the pit will greatly increase 

the flooding time. 

 
7.5 Decant assessment 

Based on the current pit layout and future pit layout plans (provided by SAM) for Area 8 and 

Area 9, the following decant levels were identified (refer to Figure 7-5 and Figure 7-6): 

• Pit Luhlanga (Area 8) will likely decant along the western boundary of the pit. This is 

the lowest portion of the pit. The decant elevation ranges from 76 to 80 mamsl.  

• Pit KwaQubuka (Area 9) will likely decant along the south-western boundary of the 

pit. This is the lowest portion of the pit. The decant elevation ranges from 98 to 110 

mamsl. 
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7.5.1 Probability of decant 
If disposal does take place above the demarcated decant elevations, a positive hydraulic head 

may form in the pits, which could lead to decant. It is important to note that decant may not 

be a point source discharge (i.e. seen on the surface as a running stream of water such as a 

spring) but can occur from the pit via the weathered aquifer or vadose zone (i.e. as baseflow 

seepage). The concept is illustrated in Figure 7-4. 

Based on the closure philosophy, decant risk is estimated to be low. However, the construction 

of the overburden dump above pre-mining water levels in Area 8 could induce decant from 

the area 8 pit. Due to the hydraulic characteristics of co-disposed discard and slurry, decant 

from the Area 9 pit is unlikely. 

 

 
Figure 7-4: Concept of decant from backfilled pits 
 
7.5.2 Decant quantity and quality 
Table 7-2 summaries the anticipated decant elevations, qualities, quantities of decant and 

the probability of decant occurring. 

Table 7-2: Anticipated decant qualities and quantities 
Opencast Area Anticipated Decant 

Elevation (mamsl) 
Estimated Decant 
Quantity (m³/day) 

Estimated Decant 
Quality (TDS in mg/l) 

Probability 

Pit Luhlanga (Area 8) 76 to 80 180 to 350 800 - 1500 Low 

Pit KwaQubuka (Area 
9) 

98 to 110 180 to 350 800 - 1500 Moderate-Low 
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Figure 7-5: Area 8 – Site conceptual model 
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Figure 7-6: Area 9 – Site conceptual model 
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8 NUMERICAL GROUNDWATER MODEL 

The numerical groundwater model developed describes the potential zone of influence for the 

Area 8 and Area 9 pits and operations during the closure phases of the areas. 

 
8.1 Objective of the model 

As stated above, the groundwater flow and transport models were developed to: 

• Understand the operational and assumed post operational groundwater flow system. 

• Simulate the temporal and spatial extent of the pollution plume generated from the 

disposal of coal waste into the Luhlanga and KwaQubuka Pits for the: 

1. Closure phase (when backfilling is complete); and 

2. 50Y and 100Y plumes (post-closure). 

• Two scenarios were assessed, with regards to the above mentioned: 

1. Base case (pits are backfilled with coal waste and overburden, areas are 

sloped but not compacted); 

2. Capping (i.e. plastic liner or compacted overburden to reduce infiltration) of 

the pits after they are backfilled. 

 
8.2 Model process 

The modelling processes followed is indicated in Figure 8-1. 

 
Figure 8-1: Modelling Approach 

Conceptualisation 
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8.3 Model calibration and output visualization process 

The model calibration process was as follows: 

• Due to the model objective, only the flow model was calibrated. The model aims to 

evaluate the movement of groundwater pollution form the backfilled pits, after 

closure.  

• Based on the monitoring data for the site, SO4 was used to model likely pollution 

migration. It is noted that SO4 is typically associated with pollution at coal mines in 

South Africa (INAP, 2018).  

o SO4 is known to be stable in a groundwater environment and tends to be less 

reactive than other ionic compounds.  

o High SO4 concentrations are noted at boreholes and surface water sites close 

to the beneficiation area, old underground workings and various coal waste 

disposal facilities. A gradual decrease in groundwater sulphate 

concentrations towards boreholes situated further away from the site is 

observed (refer to Section 5). 

• The plume presentation indicates 50 mg/l, 250 mg/l and 500 mg/l sulphate plume 

contour lines. The above mentioned was applied to demarcate potential 

contaminated groundwater zones, based on model calibration. The 250 mg/l and 500 

mg/l zones represent the SANS 241-1:2015 water quality ranges.  

o These guidelines are not intended to be used for environmental compliance 

and are used only as a benchmark value, to contextualise the results. 

o Table 8-1supplies the target water quality range for sulphate as per the DWAF 

1996 and SANS 241-1 guideline documents. 

 
Table 8-1: Summary of the target water quality range as per the DWAF 1996 and SANS 
241-1: 2015 guideline documents for SO4 (mg/l) 

System Aquatic 
Ecosystems Domestic / Potable Use Recreation Industry Agriculture 

DWAF 
1996 N/A Human 

Consumption 
0-200 
mg/l 

Full Contact NA 

Category 1 0-30 
mg/l Livestock 

Watering 
0-1000 
mg/l 

Category 2 0-80 
mg/l 

Irrigation N/A 

Intermediate 
Contact NA 

Category 3 0-200 
mg/l 

Agriculture N/A 
Category 4 0-500 

mg/l 

SANS 241-
1: 2015 N/A 

Aesthetic >250 
mg/l 

N/A N/A N/A 

Acute Health >500 
mg/l 
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8.4 Assumptions and limitations 

The following model assumptions and limitations are recognised: 

• It is assumed that the recharge into the aquifer has not changed significantly from 

pre-mining conditions. Artificial recharge or reduced recharge as a results of mining 

in the area was not incorporated into the model. 

• Groundwater-specific yield and specific storage values (refer to Section 4.6) were 

derived from reported ranges for the rock types encountered in the study area.  

• The model does not consider kinetic mineral reactions (i.e. oxidation of pyrite within 

the coal wastes). However, the long term SO4 load as presented in Section 6.4 were 

applied to the backfill areas (i.e. to transport cells in the model domain which 

represents overburden or coal wastes). 

• The geohydrological properties of coal slurry are reportedly very similar to that of clay 

and silt, and the properties of discard are similar to that of unsorted spoils and gravel 

material (refer to reference list).  

• The model grid was constructed based on the regional geology map for the area, and 

refined in areas where there is available drilling log data and/or geophysical data.  

 
8.5 Model confidence level classification 

The Australian Groundwater Modelling Guidelines (Barnett et al., 2012) refer to the following 

two principles that were considered in the numerical calibration process: 

• Guiding Principle 2.3:  

o A target model confidence level classification should be agreed and 

documented at an early stage of the project to help clarify expectations. The 

classification can be estimated from a semi-quantitative assessment of the 

available data on which the model is based (both for conceptualisation and 

calibration), the way the model is calibrated and how the predictions are 

formulated.  

o GCS aimed to construct a Class 2 to 3 flow model. Class 2-3 flow models are 

founded on sufficient hydrogeological data (i.e. water level data and aquifer 

hydraulic parameters, excluding hydrochemical data) and can be used to 

predict the future behaviour of a groundwater aquifer system.  

• Guiding Principle 2.4:  

o The initial assessment of the confidence level classification should be revisited 

at later stages of the project, as many of the issues that influence the 

classification will not be known at the model planning stage. 
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8.6 Model software package 

The numerical model for the project was constructed using Visual Modflow Classic and Modflow 

Flex, 2018.1 Pro, Build 4.6.0.168, a pre- and post- processing package for the modelling code 

MODFLOW. MODFLOW is a modular three-dimensional groundwater flow model developed by 

the United States Geological Survey (Harbaugh et al., 2000). MODFLOW uses 3D finite 

difference discretisation and flow codes to solve the governing equations of groundwater flow. 

8.6.1 Flow and transport engine  
The flow engine used is the USGS MODFLOW-NWT package. The USGS MODFLOW-NWT is a 

Newton-Raphson formulation for MODFLOW-2005 to improve solution of unconfined 

groundwater-flow problems. MODFLOW-NWT is a standalone program that is intended for 

solving problems involving drying and rewetting nonlinearities of the unconfined groundwater-

flow equation. The MT3DMS solute transport code was used to simulate solute transport. 

 
8.6.2 Governing equations 
The numerical model used in this modelling study was based on the conceptual model 

developed from the findings of the desktop and the baseline investigations. The simulation 

model simulates groundwater flow based on a three-dimensional cell-centred grid and may be 

described by the following partial differential equation: 

 
   Equation 3 
 
 
where:  

• Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, y, and z coordinate 

axes, which are assumed to be parallel to the major axes of hydraulic conductivity 

(L/T); 

• h is the potentiometric head (L); 

• W is a volumetric flux per unit volume representing sources and/or sinks of water,  

with:  

• W < 0.0 for flow out of the ground-water system, and W>0.0 for flow in (T-1); 

• Ss is the specific storage of the porous material (L-1); and 

• t is time (T). 

 
Equation 3, when combined with boundary and initial conditions, describes transient three-

dimensional groundwater flow in a heterogeneous and anisotropic medium, provided that the 

principal axes of hydraulic conductivity are aligned with the coordinate directions (Harbaugh 

et al., 2000).  
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8.7 Model grid 

Based on the available data, the model grid was updated. The sub-sections discuss the model 

boundary conditions, model grid dimensions and grid discretisation. The model grid developed 

is based on the conceptual hydrogeological model developed for the entire SAM area (Areas 1 

to 9). 

 
8.7.1 Construction of the finite difference grid 
Compilation of the finite difference grid using the Visual Modflow graphic user interface 

facilitated the construction of a rectangular horizontal grid, as well as vertical geometry 

provided for each of the layers. The flow model was set up as a five (5) layer, confined / semi-

confined aquifer. 

The positions of the different geological boundaries are incorporated in the modelling grid. A 

grid refinement of 12 m x 12 m cells for the Somkhele Anthracite Mine area which gradually 

coarsens away from the site was applied (refer to Appendix E). This is standard practice and 

does not influence the accuracy of the results obtained. 

 
8.7.2 Boundary conditions 
Boundary conditions express the way in which the considered domain interacts with its 

environment. In other words, they express the conditions of known water flux, or known 

variables, such as the hydraulic head. Different boundary conditions result in different 

solutions, hence the importance of stating the correct boundary conditions. Boundary 

condition options in MODFLOW can be specified either as: 

• Specified head or Dirichlet; or 

• Specified flux or Neumann; or 

• Mixed or Cauchy boundary conditions. 

From the conceptual point of view, it was essential to meet two criteria to the maximum 

extent possible: 

• The modelled area should be defined by natural geological and hydrogeological 

boundary conditions, i.e. the model domain should preferably encompass entire 

hydrogeological structures; and 

• The mesh size of model grid must correspond to the nature of the problem being 

addressed with the model. 

 
Local hydraulic boundaries were identified for model boundaries. They are represented by: 

• Local watershed boundaries; 

• Topographical highs; 
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• Constant head and general head boundaries; and 

• The delineated area of the entire model domain.  

 
These hydraulic boundaries were selected far enough from the area of investigation to not 

influence the numerical model behaviour in an artificial manner.  

The model boundaries and model grid are shown in Appendix E. Table 8-2 provides a summary 

of the boundaries, boundary descriptions and boundary conditions specified in the 

hydrogeological model. 

 
Table 8-2: Model and real-world boundaries 

Boundary Boundary Description Boundary Condition 

Top Top surface of water table Mixed type: River cells for main rivers; drains for non-

perennial streams. Recharge is constant for the model area. 

Recharge flux is applied to the highest active cell. 

North No-flow boundary  Topographical high and streams 

East No-flow boundary Topographical high/low/streams 

South No-flow boundary and River Umfolozi River 

West No-flow boundary Topographical low and streams 

 
 
8.7.3 Vertical discretization 
Along the vertical direction, the steady state hydrogeological model is structured in 5 model 

layers (refer to Figure 8-2 and Appendix G). The layer positions were selected to best 

incorporate the conceptual model and to allow for accurate horizontal and vertical 

groundwater flow in the model. Layer 2 and 3 were structured such, to represent the supposed 

pit floors and elevations to which waste disposal will take place. 

The following layers were defined: 

• Layer 1: Weathered Karoo and known intrusive (dolerite) occurrences; 

• Layer 2: Upper weathered and fractured Karoo with coal seams (30-60 m thickness). 

Disposal elevations for KwaQubuka and Luhlanga (identified in conceptual phase) are 

assigned to the top of this layer. The opencast pit bottom below the supposed disposal 

levels (15 to 70 m thickness for pits) are applied to the bottom of this layer; 
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• Layer 3-4: Fresh fractured Karoo rock. The pit floors (obtained from DEMs) are assigned 

to the top of layer 3; and 

• Layer 5: Older fractured Karoo and pre-Karoo rock (very low permeabilities). 

 

 
Figure 8-2: Model zones 
 
8.8 Time discretization 

Time parameters are relevant when modelling transient (time-dependent) conditions. They 

include time unit, the length and number of time periods and the number of time steps within 

each period. All model parameters associated with boundary conditions and various stresses 

remain constant during one period. Having more time periods allows these parameters to 

change in time more often (Kresic, 2007). 

The steady-state groundwater flow model was used for sensitivity analysis. For simulation of 

pollution plume migration and dewatering, the transient simulation was discretised into stress 

periods of 4 months. 
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8.8.1 Model simulation time 
The model simulation time runs from the year 2002 to the year 2126. Table 8-3 lists the model 

simulation time and the mining schedule and anticipated backfilling and closure schedules for 

Area 8 and 9 pits. 

 
Table 8-3: Model simulation time 

Year Mine Progress 
(years) 

Model 
Time Area 8 Comments Area 9 Comments Model 

Phase 

2006 0 0  Oldest WL data. 
Model Start. 

 Oldest WL data. 
Model Start. 

Calibration 
2015 9 3285  Pit Luhalanga Mining 

Start 
 Pit Luhalanga Mining 

Start 
2016 10 3650     

2017 11 4015    Pit KwaQubuka Start 
2018 12 4380     

2019 13 4745    Pit KwaQubuka LOM 

Prediction 

2020 14 5110  
Pit Luhlanga Box Cut 

Zero (BCO) / 
Expansion 

 
Mining predicted to 
end in August 2020.  

 
Pit KwaQubuka 

Backfill Start (Co-
Disposal of slurry 

and discard) 
thereafter. 

 
120 000 m³ per 

month 6 992 664  m³ 
will take approx. 58 
Months followed by 
capping with 2 900 

000 m³ spoils 
including the shaping 

2021 15 5475    

2022 16 5840  Pit Luhalanga LOM  

2023 17 6205  Pit Luhlanga Backfill 
Start (Overburden) 

 

2024 18 6570  Construction of new 
overburden dump. 

 Rehabilitation, apply 
for closure. 

2025 19 6935  
Mine indicates that 
discard may be used 

to backfill BCO. 
  

2026 20 7300  Rehabilitation, apply 
for closure. 

  

2029 23 8395    5Y 
2031 25 9125  5Y   

2034 28 10220    10Y 
2041 35 12775  10Y   

2044 38 13870    20Y 
2046 40 14600  20Y   

2074 68 24820    50Y 
2081 75 27375  50Y   

2124 118 43070    100Y 
2126 120 43800  100Y   
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8.9 Input parameters / initial model conditions 

Model input parameters for the flow model are divided into two groups:  

1. Hydrogeological parameters (hydraulic conductivity, recharge and aquifer storage); 

and 

2. Initial conditions. 

 
The initial estimates for the hydraulic properties were assigned based on the aquifer test 

results (conducted on numerous boreholes from 2008 to 2018) at the Somkhele Anthracite 

Mine. These hydraulic conductivity values were assigned to geological layers in the model 

area. The initial estimates were used for a combination of PEST2 and manual calibration. 

 

 
Figure 8-3: Hydraulic conductivities for predominantly occurring hydrogeology in the 
study area (2008 to 2018 data) 
 
 
The initial head conditions, specified in the steady-state model, were estimated from 

topography. Initial transient model heads were derived from the steady-state model results. 

Two to four percent (2 - 4 %) recharge of average annual rainfall was applied, which is 

approximately 16-33 mm/annum. Due to the anticipated homogeneous nature of the geology 

in the study area, similar parameter values were assigned to the entire model domain. 

Table 8-4 summarises the input parameters used in the steady-state and transient state flow 

models. 

 
 
 

                                                 
2 PEST (Parameter Estimation Simulation): automated parameter estimation tool, which provides a sensitivity and 
uncertainty analysis of the model, and much more. 
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Table 8-4: Initial parameters to the flow model 
Parameter Value used 

Horizontal Hydraulic conductivity (Kxy) 0.005 to 0.2 m/day 

Vertical Hydraulic conductivity (Kz) 0.0005 to 0.02 m/day 

Specific storage coefficient (Ss) In the order of 1 x 10-4 

Specific yield (Sy) 0.02 - 0.1 

Recharge (Re) 28.8 mm/yr  

Porosity (n) (total) 0.1 - 0.2 

 
 
8.10 Model calibration 

Calibration is the process of finding a set of boundary conditions, stresses and hydrogeological 

parameters that produce results which most closely matches field measurements of hydraulic 

heads and flows. 

In a regional catchment –scale groundwater flow model, a difference between calculated and 

measured heads of up to several meters can be tolerated and is usually expressed as a function 

of the total range of observations. A scaled absolute mean value of below 10-15 % (RMS < 15%) 

is generally regarded as acceptable for a regional model (Tiedeman and Hills, 2005). 

This calibration was done under steady state conditions. When calibrated, the model can be 

used to predict the influence of various management scenarios. The transport model was not 

calibrated due to the objective function of the model (i.e. scenario modelling for likely future 

events). 

 
8.10.1 Calibration targets 
The calibration achieved for the flow model is shown in Figure 8-4, below. There are a few 

outliers, however, the steady-state flow was successfully calibrated to a normalized RMS < 

10%.  
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Figure 8-4: Flow model - Steady state calibration achieved 
 
 
8.10.2 Model sensitivity 
A sensitivity analysis was carried out on the calibrated steady-state model using zones to assess 

the influence on groundwater level and flow dimensions by running the model in the PEST and 

sensitivity mode. 

It can be seen from Figure 8-5 that the calibrated residuals (calculated heads vs observed 

heads) is slightly skewed towards the left. However, most of the data plots within 10-15% of 

the normalised distribution of the dataset used for calibration.  

The following summarises the sensitivity analyses (refer to Figure 8-6): 

• Vertical hydraulic conductivity on the x and z axis for layer 1 to 3; and 

• Groundwater recharge (par001). 
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Figure 8-5: PEST Sensitivity Analysis - Histogram 
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Figure 8-6: PEST Sensitivity Analysis - Jacobian Iteration Sensitivity3 

                                                 
3 K = hydraulic conductivity along the model grid and layer, Ss = storage coefficient for the specific layer, Sy = specific yield for the specified layer, par001 = recharge. Please note that the clour 
code is insignificant and only is a number assigned to a PEST simulation run. 
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8.11 Calibrated flow model 

The calibrated flow model is shown by Figure 8-7. The groundwater flow model indicates 

groundwater flow velocities ranging from 0.01 (min) to 0.13 (max) m/day, indicating very 

slow-moving groundwater in the study area. 

 
8.12 Scenario modelling 

The calibrated flow model was used in order to model: 

• The sulphate plume extent at closure phase of the mine for both KwaQubuka and 

Luhlanga Pits; and 

• The 50 and 100-year (Y) plumes after closure for both pits. 

 
Both a base case (no-mitigation) and mitigation scenario were simulated, for the transport 

model. The impact of the mitigation applied to the spatial extent and movement of the plumes 

was then recorded. Figure 8-8 and Figure 8-9 visualises the results of the transport scenario 

models. The assumptions and the results of the modelling are discussed below.  

 
8.12.1 Scenario 1 - Base Case / No Mitigation 
This scenario aims to describe the zone of influence (i.e. the sulphate plume movement and 

impact on local surface water streams) for the KwaQubuka and Luhlanga opencast pits, if they 

are to be backfilled with no rehabilitation or mitigation applied. In context this scenario 

simulates a worst case trade off. 

The following pertains to the no-mitigation scenario: 

• A constant concentration n the order of 2 000 mg/l is applied to areas backfilled with 

discard and 240 mg/l for areas backfilled with overburden rock (refer to Section 6 and 

GCS, 2018). 

• Recharge in the range of 15-20% were assigned to the opencast areas (Hodgson & 

Krantz, 1998). 

• The backfill coal waste and overburden hydraulic properties (specific yield, effective 

porosity and total porosity) are assumed to be similar to that of a bulk clayey and 

sandy gravel material, respectively. 

• The model does not consider kinetic mineral reactions (i.e. oxidation of pyrite or other 

S-rich minerals within the coal wastes). It is assumed that oxidation of the top part of 

the waste still takes place due to fluctuating water levels and oxygen ingress through 

the overburden layer.  
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8.12.2 Scenario 2 - Mitigation (liner installed, and capping layer compacted) 
This scenario aims to describe the zone of influence for the KwaQubuka and Luhlanga opencast 

pits, if they are to be backfilled with mitigation applied after closure. The mitigation scenario 

assumes that an impermeable barrier or capping layer is installed ontop of the pits before it 

is sloped to pre mining surface topography.  

The following pertains to the no-mitigation scenario: 

• No change in constant concentration cells in the model domain are made.  

• No change to hydraulic properties of the backfill material is made. 

• Recharge to the opencast workings are reduced to a range of 0.1 to 0.3 % of the MAP 

(Hodgson & Krantz, 1998). 
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Figure 8-7: SAM – Calibrated steady state flow model 
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Figure 8-8: Modelled sulphate plume extent - No mitigation 
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Figure 8-9: Modelled sulphate plume extent - Mitigation scenario 
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9 CONCLUDING REMARKS 

Concluding remarks concerning the investigation and the groundwater model are summarised 

as follows: 

• The steady-state model was successfully converted into a transient state, and the 

model was successfully calibrated against monitoring groundwater level data.  

• Groundwater level data for 108 observation points within the Somkheke area were 

successfully applied.  

• A calibration with a correlation between 0.92 to 0.97 ( 9 to 10 % - RMS) was achieved 

for the flow model. A model calibrated to a scaled absolute mean value (RMS) ranging 

from < 10 to 15% is generally regarded as acceptable (Tiedeman and Hills, 2005). 

• The following is noted form the transport models: 

o No mitigation scenario: 

 The predicted sulphate plume at closure remains localised to the 

opencast areas.  

 From the 50Y and 100Y plumes generated, it is clear that predominant 

plume movement is towards the south for pit Luhlanga; and east and 

west for pit KwaQubuka. 

 The plume is likely to intercept the non-perennial streams in the area. 

However, the model suggests a large concentration gradient where 

only the 50 mg/l contour intercepts the aforementioned streams. 

o Mitigation scenario (capping): 

 The predicted sulphate plume at closure remains localised to the 

opencast areas.  

 The same plume migration directions are noted as for the no-mitigation 

scenario. 

 Only the plume from pit Luhlanga is likely to intercept the non-

perennial stream downstream of the pit. The plume likely to be 

generated by pit KwaQubuka remains localised to the pit, with little 

change from closure to the 100Y plume. 

o From the scenarios simulated, it is clear that reduced infiltration decreases 

the spatial spread of the plume over time. Hence, mitigation should focus on 

reducing infiltration into the backfilled pits.  
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• According to Guiding Principle 2.3 and 2.4 in the Australian groundwater modelling 

guidelines (Barnett et al., 2012) the degree of confidence of the groundwater flow and 

transport model was evaluated:  

o The flow model is assigned a Class 2 confidence level due to the numerous 

groundwater head boreholes available for calibration.  

o Class 2 models are suitable for assessing higher risk developments in higher-

value aquifers (i.e. major aquifer for groundwater supply or an aquifer that is 

highly susceptible to pollution). 

• It is fair to conclude that all data made available for this investigation has successfully 

been incorporated into the model. The model can be regarded as a true representation 

of the actual aquifer conditions and the likely zone of influence for the Area 8 and 9 

pits were successfully simulated and presented in this report. 

• The following parameters were observed to be sensitive (refer to Section 8.10.2): 

o Vertical hydraulic conductivity on the x and z axis for layer 1 to 3; and 

o Groundwater recharge (par001). 
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10 GROUNDWATER RISK AND MANAGEMENT 

As part of the geohydrological update for Area 8 and 9, the likely groundwater related risks at 

the were updated. Subsequently, mitigation measures which may improve groundwater quality 

during and after mine closure were formulated. The updated groundwater risks and mitigation 

measures are available in Appendix F. 

 
10.1 Acid Drainage 

Based on available geochemical data, Acid Drainage (AD) and neutral drainage (ND) are likely 

to be associated with exposed overburden rock (specifically shale) and coal discard (refer to 

Section 6). The typical steps for AMD generation (for pyrite minerals) are shown by Equation 

4 to 8. 

 
𝑭𝑭𝑪𝑪𝑭𝑭𝟐𝟐(𝒔𝒔) +  𝟕𝟕

𝟐𝟐
𝑶𝑶𝟐𝟐(𝒈𝒈) + 𝑯𝑯𝟐𝟐𝑶𝑶(𝑪𝑪)  → 𝑭𝑭𝑪𝑪𝟐𝟐+ + 𝟐𝟐𝑭𝑭𝑶𝑶𝟒𝟒

𝟐𝟐−(𝒄𝒄𝒂𝒂) +  𝟐𝟐𝑯𝑯+     Equation 4 
 
 

𝑭𝑭𝑪𝑪𝟐𝟐+ +  𝟏𝟏
𝟒𝟒
𝑶𝑶𝟐𝟐(𝒈𝒈) + 𝑯𝑯+ → 𝑭𝑭𝑪𝑪𝟑𝟑+ + 𝟏𝟏

𝟐𝟐
𝑯𝑯𝟐𝟐𝑶𝑶(𝑪𝑪)       Equation 5 

 
 

𝑭𝑭𝑪𝑪𝑭𝑭𝟐𝟐(𝒔𝒔) +  𝟏𝟏𝟒𝟒𝑭𝑭𝑪𝑪𝟑𝟑+ +  𝟖𝟖𝑯𝑯𝟐𝟐𝑶𝑶(𝑪𝑪)  →  𝟏𝟏𝟏𝟏𝑭𝑭𝑪𝑪𝟐𝟐+ +  𝟐𝟐𝑭𝑭𝑶𝑶𝟒𝟒
𝟐𝟐− + 𝟏𝟏𝟏𝟏𝑯𝑯+     Equation 6 

 
 

𝑭𝑭𝑪𝑪𝟑𝟑+ +  𝟑𝟑𝑯𝑯𝟐𝟐𝑶𝑶 →  𝑭𝑭𝑪𝑪(𝑶𝑶𝑯𝑯)𝟑𝟑(𝑭𝑭) +  𝟑𝟑𝑯𝑯−        Equation 7 
 
 

𝑭𝑭𝑪𝑪𝑭𝑭𝟐𝟐(𝒔𝒔) +  𝟏𝟏𝟏𝟏
𝟒𝟒
𝑶𝑶𝟐𝟐(𝒈𝒈) +  𝟕𝟕

𝟐𝟐
𝑯𝑯𝟐𝟐𝑶𝑶(𝑪𝑪) →  𝑭𝑭𝑪𝑪(𝑶𝑶𝑯𝑯)𝟑𝟑(𝒔𝒔) +  𝟐𝟐𝑭𝑭𝑶𝑶𝟒𝟒

𝟐𝟐− + 𝟒𝟒𝑯𝑯−    Equation 8 
 
 
AMD is highly likely only to occur if: 

1. There is enough oxidation of sulphide-rich material in the exposed rock (O2 

component);  

2. There is contact between the exposed oxidised rock and rainwater / groundwater 

(H2O component); and 

3. If there is sufficient iron (Fe2+
 and Fe3+) which can react to form secondary minerals 

such as iron hydroxide (Fe(OH3)), producing an acid. 

 
Eliminating one of the above-mentioned components is highly likely to reduce and limit AMD 

potential. Oxygen usually enters the mine where mine workings are not flooded or via 

excessive rainfall recharge/inflows. Therefore, it is anticipated that shallow areas where the 

overburden is <30m are more susceptible to higher rainfall ingress, oxygen ingress and AD/SD. 

SD will be more likely to occur where sulphate concentration dominates the water quality 

after closure (i.e. for saturated backfill material).  
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10.2 Groundwater and acid drainage management plan 

Best Practice Guideline - A6: Water Management for Underground Mines (DWAF, 2008b) states 

the following: 

Plan, design, operate and close the underground mining operations in a manner that 

reduces the ingress of clean water into the mine, minimizes the volume of water used 

in mining operations, maximizes water reuse, minimizes the water quality 

deterioration within the mine and minimizes the impacts on the water resource. 

 
To restrict the local groundwater and surface water impact during the operational and closure 

phase or Area 8 and 9; and to reduce likely AD/SD, the actions listed in Table 10-1 are 

proposed. 

 
Table 10-1: AMD prevention methods based on a control objective (adapted from 
Kuyucak, 2012) 

Objective of Control Control / Prevention Method 

Water mitigation Capping & seeding, diversion ditches, grout curtains, slurry 
walls, impermeable geomembranes. 

Reduction of water inflow Encapsulation, capping and sealing. 

Exclusion of oxygen Water covers (flooding), blending with finer material to 
reduce pore space, and sub-aqueous deposition. 

pH Control Waste segregation and blending, with the addition of alkaline 
/ lime. 

Sulphide removal and isolation Conditioning tailings, discard dump and waste rock. 

Control of bacterial action Bactericides. 

 
 
10.2.1 General management 
The following general management strategies must be considered to manage any long-term 

AD: 

• Plan for closure with regard to understanding where water enters the mine and would 

normally accumulate, how it flows, how it should preferably flow in order to minimize 

water quality deterioration. 

• Dispose all coal waste or overburden material at least 2-5 m below the pre-mining 

groundwater levels. Disposing the material underneath the pre-mining water level will 

ensure saturated disposal conditions. 
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• Cover all rock and coal waste facilities (i.e. the opencast workings and planned Area 

8 dump) to reduce rainfall and oxygen ingress into the backfill material. 

 
10.2.2 Site specific 
The focus areas for AD management should be: 

• To reduce oxygen ingress into the opencast workings; and  

• To reduce excessive rainfall recharge/inflows into the opencast workings after 

closure.   

 
10.2.3 Monitoring 
The focus of monitoring should be: 

1. Operational and closure:  

a. Multiple-level monitoring wells must be constructed to monitor base-flow 

quality within the identified sensitive zones (refer to predicted plume 

movement in Section 8.12); and  

b. Monitor groundwater level behaviour in the surrounding aquifer.   

2. Use the results of the monitoring programme to confirm/validate the predicted 

impacts on groundwater availability and quality after closure. 

3. Update existing predictive tools to verify long-term impacts on groundwater, if 

required. 

 
10.3 Treatment options 

Following a worst-case scenario approach, mine decant will need to be treated before it is 

discharged into the receiving environment. Available geochemistry data shows that shale and 

discard material is representative of AMD conditions with acidic pH values and high salt and 

metal concentrations. 

Based on available data, two (2) treatment systems are considered: 

1. Active water treatment system; and 

2. Semi-passive water treatment system. 

 
The treatment systems are discussed in the sub-sections below. In selecting a suitable water 

treatment system, the following should be considered: 

• Composition of the inlet water; 

• Specific cations of product water; 

• Infrastructure and space available;  
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• Capital expenditure (CAPEX); 

• Operational expenditure (OPEX); and 

• Waste generation. 

 
10.3.1 Active water treatment 
Active water treatment is highly effective at treating AMD, however, comes with high long-

term operational costs. The following treatment options were considered: 

1. Reverse osmosis process: 

a. The concept of this type of process is that very high purity water is recovered 

by reverse osmosis, and the salts in solution are concentrated and kept in 

solution using anti-scaling technology. The supersaturated solutions are then 

treated in precipitation reactors in a controlled thereby removing sparing 

soluble salts from solution. The reactors can be designed and operated for the 

removal of specific salts or for the generation of a mixed salt. In some cases, 

lime may be added, and the reactors then operated for “cold lime softening” 

and the pH elevated. 

2. Ion exchange process: 

a. Ion exchange processes are provided as an adsorption barrier against the 

breakthrough of dissolved ions in the water. Cation exchange resins are 

employed to remove cations followed by anion exchange resins for the 

removal of anions. Although there are several pilot plants used for the 

treatment of mine water, there are currently no large installations being 

operated for the treatment of water before discharge. Ion Exchange has 

however been used in large installations to produce Demineralised water of 

power stations. One the salts are adsorbed onto the resins, these need to be 

selectively removed. Chemical addition and the potential volume of high 

concentrated wastes then becomes the underlying issue. Although Ion 

Exchange can ensure acceptable quality the volumes and concentrations of 

brines needs to be considered. The options for brine disposal include: 

i. Neutralisation is necessary as the chemicals are either acidic or 

caustic; 

ii. Evaporation is necessary as all the salts report to the regeneration as 

dissolved; 

iii. Disposal of the concentrated solutions to a waste site; and 

iv. Production of saleable by-products is possible; however, the 

quantities probably make this non-viable. 
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10.3.2 Semi-passive water treatment 
Passive treatment of AMD is a favourable method of treating contaminated waters. These 

systems are low maintenance, low cost and take advantages of naturally occurring processes 

at the given site (IMWA, 2018). Based on available chemistry data following treatment options 

were considered: 

1. Limestone diversion wells: 

a. typical well consists of a circular casing, often sunk into the ground at a 

shallow level alongside a stream. Water is forced into the well by having an 

elevation difference that creates a hydraulic head. This often involves 

damming water upstream. The water is flushed into the centre of the well 

through a pipe and exits the pipe near 

the bottom of the well. The water then 

flows upwards, fluidizing the limestone 

substrate. Calcium carbonate reacts 

with the contaminated water to raise 

the pH and increase alkalinity, thus 

allowing for the removal of metal 

contaminants. Treated water can then 

be discharged to a nearby watercourse.  

2. Linear Flow Channel Reactor (LFCR) 

a. The operation of the integrated process relies on the formation of niche 

environments within the LFCR, partitioning a distinct aerobic zone at the air-

liquid interface and an anaerobic zone within the bulk volume of the reactor. 

The Sulphate Reducing Bacteria (SRB) in the bulk volume reduce sulphate, in 

the presence of a suitable electron donor, to sulphide. The sulphide is partially 

re-oxidised by Sulphur Oxidising Bacteria (SOB) under oxygen-limiting 

conditions at the air-liquid interface, forming a floating sulphur biofilm. 

3. Artificial wetlands: 

a. If the water is of adequate quality (environmentally acceptable in accordance 

to the WUL) an artificial wetland system can be constructed downstream of 

the pit(s). This will ensure a “walk away solution” without additional cost, in 

terms of site closure. Figure 10-2 illustrates this concept. 

 
 

Figure 10-1: Limestone diversion well 
(retrieved from IMWA, 2018) 
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Figure 10-2: Artificial wetland concept 
 
 
10.3.3 Site specific 
Considering the above mentioned treatment system types, it is anticipated that a semi-passive 

treatment system may be sufficient to treat decant at Somkhele (expected high pH, low metal 

and high SO4 concentration). Figure 10-3 illustrates how a typical semi-passive treatment 

system could be installed at Area 8 and 9, to treat any decant which may occur. 
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Figure 10-3: Semi-passive treatment system 
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11 RECOMMENDATIONS 

The following recommendations are made: 

• The mine plan assessed for the Luhlanaga Pit (Area 8) suggest that there may be a un-

backfilled void situated below the pre-mining groundwater level, after closure. 

Hence, there is a possibility of a pit lake to from. It is recommended that the mine 

plan be updated to include backfilling this pit.  

• Update the numerical groundwater flow and transport model annually to: 

o Track the sulphate plume movement into the surrounding aquifer; 

o Track preferential flow paths and changes to groundwater flow;  

o Ensure no monitoring network gaps exist (i.e. check if the monitoring network 

is representative of the site); and 

o Update the groundwater management plan. 

• Continue with quarterly groundwater quality and groundwater level monitoring during 

the operational phase; and, within two to four years following the decommissioning 

phase of Area 8 and 9, to establish post-closure groundwater level and quality trends. 

o The monitoring information must be used to update, verify and re-calibrate 

the predictive tools used during the study to increase the confidence in the 

closure objectives and management plans.  

o The numerical model platforms can be updated on an annual basis to confirm 

groundwater and pollution transport movement into the environment. 

o Once the model us updated the groundwater management plan and mine 

water treatment plans can be updated. 
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APPENDIX A: GEOPHYSICAL INVESTIGATION AREA & GEOLOGICAL MODEL 
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APPENDIX B: DRILLING LOGS 
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APPENDIX C: AQUIFER TEST DATA 
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APPENDIX D: GROUNDWATER AND SURFACE WATER MONITORING HYDROCEHMISTRY MAPS (3RD QUARTER 2018) 
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APPENDIX E: MODEL GRID AND BOUNDARIES 
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APPENDIX F: GROUNDWATER RISK ASSESSMENT UPDATE FOR AREA 8 AND 9 
 
 
The likely groundwater impacts associated with the Somkhele Anthracite Mine (for the 

operational and closure phase) was assessed in terms of probability (likelihood of occurring), 

scale (spatial scale), magnitude (severity) and duration (temporal scale). To enable a scientific 

approach to the determination of the environmental significance (importance), a numerical 

value is linked to each rating scale. 

 
The following criteria were applied:  

• Occurrence: 

o Probability of occurrence (how likely is it that the impact may occur?); and 

o Duration of occurrence (how long the impact may last). 

• Severity: 

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

severity?); and 

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

environment or only that of the site?). 

 
The impact assessment rankings used are listed in Table 1. The significance of the impact was 

determined by the formula below and was screened according to Table 2. 

 
SP (significance of impact) = (magnitude + duration + scale) x probability 

 
The likely impacts and significance of the impacts identified are added in Table 3.  

 
Table 1: Impact assessment rankings 

Status of Impact 

+:  Positive (A benefit to the receiving environment) 

N:  Neutral (No cost or benefit to the receiving environment) 

-:  Negative (A cost to the receiving environment) 

Magnitude: =M Duration: =D 

10:  Very high/don’t know 5:  Permanent 

8:  High 4:  Long-term (ceases with the operational life) 

6:  Moderate 3:  Medium-term (5-15 years) 

4:  Low 2:  Short-term (0-5 years) 

2:  Minor 1:  Immediate 

0:  Not applicable/none/negligible 0:  Not applicable/none/negligible 
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Scale: =S Probability: =P 

5:  International 5:  Definite/don’t know 

4:  National 4:  Highly probable 

3:  Regional 3:  Medium probability 

2:  Local 2:  Low probability 

1:  Site only 1:  Improbable 

0:  Not applicable/none/negligible 0:  Not applicable/none/negligible 

 
 
 
Table 2: Impact significance ratings 

Significance Environmental Significance Points Colour Code 

High (positive) >60 H 

Medium (positive) 30 to 60 M 

Low (positive) <30 L 

Neutral 0 N 

Low (negative) >-30 L 

Medium (negative) -30 to -60 M 

High (negative) <-60 H 
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Table 3: Impact assessment and mitigation (operational and closure phases) 

POTENTIAL ENVIRONMENTAL IMPACT APPLICABLE  AREA ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE BEFORE 
MITIGATION 

RECOMMENDED MITIGATION MEASURES 

ENVIRONMENTAL SIGNIFICANCE AFTER 
MITIGATION 

M D S P 

TO
TA

L 

ST
A

TU
S SP M D S P 

TO
TA

L 

ST
A

TU
S SP 

Matters Pertaining to Hydrogeology (Groundwater Related Impacts) 

Operational Phase 

Soil disturbance Area 8 and 9 opencast pits Earthworks 3 3 2 4 32 - M None. 3 3 2 4 32 - M 

Hydrocarbon spills Area 8 and 9 opencast pits Mechanised machinery 2 2 2 4 24 - L 

Park vehicles in areas lined with concrete or fitted oil 
traps. 
Ensure vehicles are in good condition and not leaking fuel 
or oil when entering the mining areas. 
Do not service machinery in the opencast areas. 
Have oil & fuel spill kits on site. 

2 2 2 2 12 - L 

Poor quality seepage from rock dumps into the 
aquifer and downstream surface water bodies 
(non-perennial streams). 

Area 8 and 9 opencast pits Seepage 4 3 2 4 36 - M 

Cover rock waste storage facilities and rock dumps with a 
clay liner or geomembrane to reduce rainfall infiltration 
and hence, poor quality percolation into the aquifer. 
Reduce footprint areas to minimize reaction flow path of 
rainfall water. 

4 2 2 3 24 - L 

Drawdown of the regional water table as the 
opencast workings flood. Possible reduced 
baseflow of streams within 500 m of the 
workings. However, supporting groundwater 
monitoring indicate that local aquifer 
dewatering is not taking place. 

Area 8 and 9 opencast pits Aquifer drawdown 6 2 2 2 20 - L Water level monitoring in nearby boreholes. 6 1 2 2 18 - L 

Flooding of the opencast workings while 
operational. Potentially from contact zones or 
1:100Y flooding events. 

Area 8 and 9 opencast pits Flooding 6 2 2 3 30 - M 

Ensure that dewatering pumps are on standby to dewater 
should there be any seepage or accumulated rainwater in 
the pits. This is likely only to occur during high 
precipitation events or if mining intercepts a contact area 
under hydraulic pressure. 

6 1 2 3 27 - L 
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POTENTIAL ENVIRONMENTAL IMPACT APPLICABLE  AREA ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE BEFORE 
MITIGATION 

RECOMMENDED MITIGATION MEASURES 

ENVIRONMENTAL SIGNIFICANCE AFTER 
MITIGATION 

M D S P 

TO
TA

L 

ST
A

TU
S SP M D S P 

TO
TA

L 

ST
A

TU
S SP 

Closure  / Decommissioning Phase / Post-Closure 

Poor quality mine drainage into nearby non-
perennial streams and the groundwater 
aquifer system. 

Area 8 and 9 opencast pits Seepage 4 5 2 4 44 - M 

Divert poor quality water to treatment facilities. 
Backfill the area which is likely to form a pit lake. 
Capping / covering of the pits to reduce infiltration and 
subsequent poor quality seepage. Moreover, co-disposal 
will decrease poor quality SD/AD (as proved by the kinetic 
leach testing). 
Update predictive groundwater flow and geochemical 
numerical models on a yearly basis. 
Water monitoring for a term at least 2-3 years after pit 
closure, to reconfirm closure objectives. 

4 5 2 3 33 - M 

Area 8 overburden dump Seepage 4 5 4 4 52 - M 4 5 2 3 33 - M 

Area 8 pit lake (likely to 
occur, based on mine 
plan) 

Seepage 4 5 4 4 52 - M 4 5 2 3 33 - M 

Decant from the opencast workings. Area 8 and 9 opencast pits Decant 6 5 2 2 26 - L 

Ensure opencast workings are infilled below the regional 
groundwater table / pre-mining water level. However, if 
infilling must proceed above the pre-mining water level 
than it should be below the identified decant levels.  
Water quality monitoring. 

6 5 2 1 13 - L 

Drawdown of the regional water table as the 
opencast workings flood. Possible reduced 
baseflow of streams within 500 m of the 
workings. 

Area 8 and 9 opencast pits Aquifer drawdown 6 5 2 2 26 - L Water level monitoring in nearby boreholes. 6 5 2 1 13 - L 

Subsidence of surface topography above 
underground workings Area 8 and 9 opencast pits Collapsible soils for infilled areas. 4 2 1 5 35 - M 

Infilling material should be compacted to ensure a stable 
work platform. 
Stability testing before capping layer is installed. 

4 1 1 1 6 - L 
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