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an inverted cone and develops around a well/mine shaft/open pit mine from which water is being withdrawn.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

 

LIST OF ACRONYMS 

 

ABA Acid-Base Accounting 

AD Acid Drainage 

AMD Acid Mine Drainage 

ANC Acid Neutralising Capacity 

ARD Acid Rock Drainage 

CAMDMP Conceptual Acid Mine Drainage Management Plan 

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

DWA Department of Water Affairs 

DWAF Department of Water and Forestry 

EMPR Environmental Management Plan Report 

GCS GCS Water and Environment Consultants (Pty) Ltd 

GW Groundwater 

HMP Hydrogeological Management Plan 

INAP The International Network for Acid Prevention 

IWULA Integrated Water Use License Application 

IWWMP Integrated Water and Waste Management Plan 

NAG Net Acid Generation 

ND Neutral Drainage 

NEMA National Environmental Management Act 

Non-PAG Non-Potentially Acid Generation 

NWA National Water Act 

OC (O/C) Opencast Workings 

PAF Potentially Acid Forming 

PAG Potentially Acid Generating 

PAN Potentially Acid Neutralising 

PCD Pollution Control Dam 

RMS Root Mean Squared / Normalised Distribution 

RO Reverse Osmosis 

ROM Run of Mine 
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SD Saline Drainage 

SMD Saline Mine Drainage 

WQ Water Quality 

WUL Water Use License 

WULA Water Use License Application 

XRD X-Ray Diffraction 

XRF X-Ray Fluorescence 

SAM Somkhele Anthracite Mine 

AMDMP Acid Mine Drainage Management Plan 

MP Management Plan 

mbpgl Metres below premining groundwater levels 
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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 (GCS) by Tendele Coal Mining (Pty) Ltd, historical specialist 

studies undertaken by GCS and data extracted from the Somkhele Water Monitoring Database 

and Reports.  

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

Conceptual Acid Mine Drainage Management Plan (CAMDMP) for the Somkhele Anthracite Mine 

(SAM) situated near Somkhele, KwaZulu-Natal Province.  

The CAMDMP should be seen as a work in progress document to be implemented during the 

mining, closure and post-closure phases and is designed to be updated in unison with the 

development of the mining operations. Ongoing static leach testing results should be 

incorporated in the CAMDMP on a routine basis to update and refine the proposed conceptual 

AMD managed strategies within this document. 

 

1.1 Background 

The Department of Water and Sanitation (DWS) recently supplied a list of comments to the 

Water Use Licence Application (WULA) for the SAM. In their comments they stated that a short, 

medium and long-term AMD management plan needs to be compiled for Pit A, Pit BDE and Pit 

KwaQubuka. Hence, GCS was asked to assess all available geochemical data for the SAM and 

compile a CAMDMP. 

 

1.2 Project setting 

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

KwaZulu-Natal Province. The SAM 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.  

Currently, the SAM composes out of four (4) active mining areas, namely Area 1, Area 2, Area 8 

and Area 9, and SAM proposes to mine three (3) additional areas by mid-2019 (refer to Figure 

1-1): 

• Area 1 is situated to the south-west of the coal beneficiation area (in Area 2), towards 

the Umfolozi River; 

• Area 2 is situated in the northern part of the operational mining area; 

• Area 8 and Area 9 are situated adjacent to Area 2, along the eastern boundary of the 

beneficiation area; and 

• Ophondweni, Mahujini and Emalahleni (situated in mining Areas 4 and 5) are future 

mining areas, situated towards the north-east of Area 2, 8 and 9.  
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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 can be found in Area 1, Area 8 and Area 9. 

Area 1 and Area 2 have been mined out with some opencast workings being utilised for spoil, 

coal slurry and/or coal discard disposal. Moreover, the mine proposed to use the Area 8 and 

Area 9 Pits; and likely the North Pit 1 and future Mahujini Pit for future co-disposal. Hence, 

this mine drainage plan is relevant to all active mining areas; and will be updated as mining 

progresses to new areas and disposal sites are confirmed. 
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Figure 1-1: Site locality and disposal sites 
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1.3 Objectives 

The overall aim of the CAMDMP is to outline a conceptual strategy for the storage and handling 

of geological materials produced from mining activities, which will minimise the 

environmental impact from AMD leaching. 

The objectives of this CAMDMP are to: 

• Develop conceptual AMD management strategies that will first prevent, then 

minimise, then treat AMD if it occurs to acceptable/regulated environmental 

protection levels. 

• To provide conceptual strategies for overburden and soil management, water 

management and a range of mitigation measures. 

• Integrate with the mine plans. 

• Outline operational and closure monitoring strategies (short-mid-long term). 

• Monitor and improve AMD management. 

 

1.4 Limitations 

The following limitations are recognised: 

• This CAMDMP applies to precautionary principle which stipulates that in the absence 

of certainty (data) a conservative assumption is made. Furthermore, the strategies 

and mitigation measures are conservative. 

• The CAMDMP has been developed based on available geochemical data (both static 

and leach test data) and available mining plans for the SAM 

 

1.5 Relevant documents 

The CAMDMP will be consistent with the following guidance documents that have gained 

regulatory acceptance in Australia and in jurisdiction around the world: 

• Managing Acid and Metalliferous Drainage – Leading Practice Sustainable Development 

Program for the Mining Industry (DiTR, 2007). 

• The Global Acid Rock Drainage (GARD) Guide (INAP, 2018). 

• ARD Test Handbook – Prediction and Kinetic Control of Acid Mine Drainage (AMIRA, 

2002). 

• Prediction Manual for Drainage Chemistry from Sulphidic Geological Materials (Price, 

2009). 

• Acid Mine Drainage Prediction (USEPA, 1994). 
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2 GEOLOGICAL MODEL AND DISPOSAL ACTIVITY 

From the drilling of boreholes; and the collection of rock samples as mining has progressed in 

Area 1, Area 2, Area 8 and Area 9, the main lithological units encountered during mining are: 

• Dolerite; 

• Sandstone; 

• Mudstone; 

• Siltstone; 

• Shale; and  

• Coal. 

 
Similar lithology is expected for future mining Area 4 an 5. Based on the above mentioned, 

the following mining wastes are associated with the SAM: 

• Overburden (mixture of sandstone, siltstone, mudstone, shale and dolerite); 

• Coal slurry; and 

• Coal discard 

 

2.1 Geochemical characteristics 

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.  

The geochemical data obtained are considered a good representative of the proposed disposal 

philosophy; and relate to conditions of the rock that is mined at the SAM. A brief summary of 

key geochemical findings relative to the AMD plan is summarised in the sub-sections below. 

 
2.1.1 Static testing 

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

(Figure 2-1): 

• Discard and some shale overburden rock are generally Potentially Acid Generating 

(PAG); 

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

• Overburden lithologies are generally non-PAG. 
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The Net Acid Generation (NAG) results present a different picture of acid potential (Figure 

2-2): 

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

Available X-ray diffraction (XRD) data indicates that calcite, dolomite and siderite minerals 

are typically the only carbonate minerals within the rock mined. Pyrite is generally the main 

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

dolomite and siderite. 

 
2.1.3 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 2-3. Table 2-1 lists the condensed sulphate release rates. 

The following is noted: 

• 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 discard and slurry samples). 
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• 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. 

 

 
Figure 2-3: Comparison of initial vs. long-term sulphate release rates 
 
 
Table 2-1: 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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2.2 Site selection and disposal risks 

The SAM have selected the following sites for the disposal of coal waste (i.e. coal discard and 

coal slurry) and overburden material: 

• Pit A (in Area 2) – Coal slurry; 

• Pit BDE (in Area 2) – Coal discard and slurry (co-disposal); and 

• KwaQubuka Pit (in Area 9) – Coal discard, slurry (co-disposal) and overburden material. 

 
The above mentioned opencast workings were selected based on the following criteria: 

1. Decant risk; 

2. Groundwater (GW) ingress / outflow risk; 

3. Risk to the receiving groundwater and surface water environment (receivers). 

 
Moreover, the geological and hydrogeological nature, associated with these pits are, are most 

favourable for the selected type of mine waste disposal. Existing data obtained from the 

boreholes drilled suggest low hydraulic conductivity and low groundwater movement in the 

chosen areas. 

 
Table 2-2: Summary of confimred chosen site selections 

Opencast Working Selected Mine residue material 

selected 

Risk  Comment 

Pit A Coal slurry Decant Risk: Low 

GW Risk: Low 

Receivers: No groundwater. 

Only an ephemeral non-

perennial stream 

Disposal started in 2007-2008.  

Pit A is nearing operational 

capacity. Conceptual designs 

are being finalised for pit 

closure. 

Pit BDE Coal slurry and coal discard 

(co-disposed) 

Decant Risk: Low 

GW Risk: Low 

Receivers: No groundwater. 

Only an ephemeral non-

perennial stream 

Disposal started in 2007-2008. 

Pit BDE is almost at 

operational capacity, in terms 

of co-disposal. Conceptual 

designs are being finalised for 

pit closure. 

KwaQubuka Pit Coal discard and slurry Decant Risk: Low 

GW Risk: Low 

Receivers: No groundwater. 

Only an ephemeral non-

perennial stream 

Disposal to start mid-late 

2019. 
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2.3 AMD likelihood 

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. 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 1 

 
 

𝑭𝒆𝟐+ +  
𝟏

𝟒
𝑶𝟐(𝒈) + 𝑯+ → 𝑭𝒆𝟑+ + 

𝟏

𝟐
𝑯𝟐𝑶(𝒍)       Equation 2 

 
 

𝑭𝒆𝑺𝟐(𝒔) +  𝟏𝟒𝑭𝒆𝟑+ +  𝟖𝑯𝟐𝑶(𝒍)  →  𝟏𝟓𝑭𝒆𝟐+ +  𝟐𝑺𝑶𝟒
𝟐− + 𝟏𝟔𝑯+     Equation 3 

 
 

𝑭𝒆𝟑+ +  𝟑𝑯𝟐𝑶 →  𝑭𝒆(𝑶𝑯)𝟑(𝑺) +  𝟑𝑯−       Equation 4 
 
 

𝑭𝒆𝑺𝟐(𝒔) +  
𝟏𝟓

𝟒
𝑶𝟐(𝒈) +  

𝟕

𝟐
𝑯𝟐𝑶(𝒍) →  𝑭𝒆(𝑶𝑯)𝟑(𝒔) +  𝟐𝑺𝑶𝟒

𝟐− + 𝟒𝑯−    Equation 5 

 
 
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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3 MANAGEMENT PLAN 

The general sequence of steps for the development, implementation and assessment of an 

CAMDMP are based on the global best-practice guidelines (INAP, 2018). As demonstrated by 

Figure 3-1, the AMDMP will be regularly updated with the development and closure of the 

mine. 

The AMDMP is intended to: 

• Identify geological materials to be encountered during mining including defining any 

materials that require AMD management (i.e. overburden, coal discard and slurry). 

• Include risk assessment and management to refine strategies and implementation 

steps. 

• Integrate fully with mine plans and closure objectives. 

• Include operational controls such as standard operating procedures (SOPs), key 

performance indicators (KPIs) and quality assurance and quality control (QA/QC) 

procedures. 

• Clearly identify and define roles, responsibilities, and accountabilities for mine 

operation staff. 

• Develop data management, analysis, and reporting schemes to track the 

implementation of the AMD Plan. 

• Include specific targets such as the meeting of specific discharge water quality. 
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Figure 3-1: Flowchart for performance assessment and management 
review (INAP, 2018) 
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3.1 Management options 

The following section outlines conceptual strategies available to the SAM for the storage and 

handling of earth and rock materials that will minimise the potential of AD/SD. Some control 

measures are provided below as input to the design of spoil dumps and coal residue disposal 

sites. 

 
3.1.1 Identification 

To comply with leading practices, GCS will confirm lithology, mineralogy, acid potential and 

volumes during the course of mining to ensure any AMD risks are articulated and managed 

appropriately. 

 
3.1.2 Selective placement of waste rock material 

Encapsulation of potentially acid forming (PAF) materials; co-disposal of coal residue and 

disposal under pre-mining saturated conditions (to reduce oxygen ingress) is recommended. 

Moreover, adequate storm water infrastructure for waste disposal sites is recommended. 

 
Encapsulation of PAF materials 

The strategy is to selectively place PAF material (weathered overburden or other) 

preferentially in the middle of a waste rock dump; or opencast workings for encapsulation by 

NAF materials. This advantage of this strategy, form an AMD risk mitigation perspective, is 

that the encapsulation will result in limiting the available of oxygen and water to PAF materials 

though operations and though mine closure. 

 
Co-Disposal of PAF materials 

Co-disposal entails the mixture of course (discard) and fine (slurry) waste products to reach 

an optimum cemented waste mixture, in terms of the ability of air and water to move through 

the pore spaces. Reduced air and water flow greatly reduces the AMD risk associated with the 

material. 

For existing and future opencast workings where the co-disposal technique will be 

implemented, disposal will consists out of the construction of a series of cells or ponds within 

the discard material, which will be filled with slurry; or dried slurry layers encapsulating 

discard ponds. A series of these cells will be constructed; and as the one cell is filled the other 

cell will be left to dry. A synthetic flocculent polymer will be introduced to aid with rapid 

settlement of the slurry particles and aid in water recovery. This will also greatly increase the 

drying rate of the slurry material.  
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Disposal of PAF under saturated conditions 

The strategy is to dispose coal residue products under saturated conditions; or conditions 

which will unavoidably induce saturation of the material for mine closure. The aim is to ensure 

that the PAF material is situated at least 2-5 metres below pre-mining groundwater levels 

(mbpgl) to reduce oxygen ingress into the waste material. 

Subsequently, if less oxygen and oxygenated water ingress (i.e. rainwater infiltration) is 

obtained, less oxidation of pyrite baring minerals in the coal residue and overburden can be 

achieved. The main focus of the waste disposal protocol for Somkhele will therefore be to 

endeavour less saline drainage (SD) from the waste material.  

 
Minimise footprint area of PAF materials 

The strategy to keep overburden and coal stockpile footprint areas as small as possible, and 

where possible isolated to a central location, will limit the impact of PAF materials on the 

receiving environment. Moreover, designing toe drainage systems to intercept any poor quality 

rainfall runoff and groundwater seepage will help minimise the impact. 

 
Stormwater containment and clean and dirty water separation 

The following should be considered in the design of a waste facility (i.e. opencast workings 

used for deposition): 

• Surface run-off from undesired ground should be diverted away from the opencast 

workings. 

• All stormwater generated within the footprint (contact water) of the waste facility 

should be controlled and internally managed. 

• The facilities should be progressively monitored and rehabilitated. 

• Contact water measures should take account of climatic variation and run-off 

qualities, particular suspended solid loads (possibility of stilling basins / silt traps / 

drainage systems) and have appropriate containment. 

• The volumes and qualities of stormwater reporting to the stormwater control dams 

and infiltration ponds should be considered in overall mine water balance to identify 

re-use options. 
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3.1.3 Ore stockpiles 

Ore stockpiles are as large as required to provide a continuous feed to the SAM processing 

facility. A minimum stockpile and catchment size have been considered and is maintained to 

reduce water capture. 

Ore stockpile timeframes should incorporate oxidation rates estimated from pending kinetic 

testing. 

 
Stormwater containment and clean and dirty water separation 

The following should be considered in the design of the stockpile areas: 

• Surface run-off should be diverted away from stockpiles. 

• All stormwater generated within the footprint (contact water) of the stockpile pads 

should be controlled and internally managed. 

• The ROM pad surface should be designed to be graded to limit the ponding of water. 

• Contact water measures should take account of climatic variation and run-off 

qualities, particular suspended solid loads (possibility of stilling basins / silt traps / 

drainage systems) and have appropriate containment. 

• The volumes and qualities of stormwater reporting to the stormwater control dams 

and infiltration ponds should be considered in overall mine water balance to identify 

re-use options. 

• Minimising catchment sizes where water could carry suspended solids. 

 

3.2 Performance monitoring 

For the objectives of the CAMDMP to be achieved the implementation and the results of 

implementation must be monitored (INAP, 2018). Performance indicators shall be established 

for mine water and AMD monitoring. 

 
3.2.1 Mine water and AMD management 

The approach to mine water and AMD management is to achieve a zero discharge from 

stockpiles and waste rich storage facilities during the operational, closure and post-closure 

phases of the SAM; and to have acceptable/regulated environmental compliance. 

SAM implements a mine water management hierarchy (INAP, 21018) which constantly 

considers: 

• Pollution prevention at all potential sources; 

• Minimisation of potential impacts by mitigation measures; 

• Recovery and beneficial use of mine water; and 



Tendele Coal Mining (Pty) Ltd Somkhele AMD Plan 

18-0957 19 February 2019 Page 24 

• Treatment of mine water for beneficial use and discharge (where required). 

 
3.2.1.1 Mine water and AMD monitoring 
SAM has an existing groundwater and surface water monitoring protocols. Hence, adequate 

mine water monitoring of the receiving environment as well as baseline water qualities are 

continuously used to monitor the waste disposal facilities. The monitoring network is audited 

annually to identify gap areas, to ensure sufficient monitoring is taking place. 

Moreover, GCS implemented an annual geochemical monitoring programme in 2017, which 

covers waste rock dumps (overburden), coal residue products (coal slurry and discard), ore 

stockpiles and pit voids.  

GCS has developed a robust data management system, to ensure all data collected are 

recorded and captured adequately to enable incorporation into future mine planning 

(excluding waste rock haulages). Moreover, geochemical and water monitoring coincide with 

the mine water monitoring protocols and the environmental management plan (EMP). 

 
3.2.2 Operational testing and closure monitoring 

Planned testing during the operational and initial closure phases for all the SAM workings 

(existing and future) incorporate the following: 

• Geochemical testing of waste rock and ore material; and 

• Performance monitoring of selected waste rock disposal and ore stockpiling strategies. 

 
By constant geochemical monitoring during the operation life of the SAM, exposure to 

unexpected geochemical conditions can be mitigated.  

 
3.2.3 Non-conformance and corrective action 

The following procedure for corrective action should be followed in the event of non-

conformance: 

• The GCS or SAM Environmental Manger (or equivalent) shall be notified immediately 

upon the occurrence of a non-conformance. 

• The GCS or SAM Environmental Manger (or equivalent) shall assess the nature of the 

non-conformance and notify DWS if required under relevant conditions, licences 

and/or regulations. 

• Subject to the nature and extent of the non-conformance, the GCS or SAM 

Environmental Manger (or equivalent) shall issue a work order to halt and/or rectify 

any environmental harm caused as a results of the non-conformance. 
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• The GCS or SAM Environmental Manger (or equivalent) shall ensure that the corrective 

action is implemented within the timeframe stipulated by the prepared non-

conformance report. 

 
3.2.4 AMD management plan revision 

The Plan is a working document to be updated as additional geochemical data and water 

quality data becomes available. 

The Plan needs to be informed by the feasibility/design of the waste management facilities, 

water management measures, mine plan and hydrogeological block model, detailed design of 

ore stockpiles, waste rock storage facilities, water management measures etc. 

It is recommended that the first revision be completed one (1) year since the date of this 

Plan/Report; or after issue of the WUL. 

 

3.3 Definition of roles, Responsibilities and Accountabilities 

GCS staff will ensure the development and integration of the CAMDMP into the mine site’s 

environmental management system (EMS). The role includes auditing the implementation and 

success of the EMS. Corporate staff can assist with strategic planning in the EMS and with 

consistent environmental performance when key mine operating staff change. 

 
GCS Environmental Manager (or Hydrogeologist): has overall responsibility for the AMD Pan, 

revision of the Plan, updating the tools used to supplement the Plan (i.e. geological block 

models and geochemical models) and consulting the relevant parties to ensure implementation 

of the Plan. 

 
SAM Environmental Officer (or equivalent): has responsibility to ensure the enforcement and 

implementation of the Plan at the SAM (i.e. roll out the plan at the mine). 

 
GCS Field Staff: are responsible for the sample collection, sample custody in the field, 

preservation, field testing, total and accurate completion of all relevant paperwork, sample 

shipment and delivery of data to the Environmental Manager. 
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