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LIST OF ACRONYMS AND ABBREVIATIONS 

ACRONYM DESCRIPTION 

DWA Department of Water Affairs  

DWS Department of Water Affairs and Sanitation  

EMPr Environmental Management Program 

GCS GCS Water and Environment (Pty) Ltd 

GIS Geographic Information Systems 

GN704  
General Notice 704 (GN704) of the South African National Water Act (36 
of 1998) 

ha Hectare 

mamsl Metres above mean sea level 

m3/d Water consumption – cubic metre per day 

MAE Mean Annual Evaporation 

MAP Mean Annual Precipitation 

MAR Mean Annual Runoff 

NEMA National Environmental Management Act, 1998 

NWA The South African National Water Act (No.36 of 1998) 

PCD Pollution Control Dam 

PFD Process Flow Diagram 

SAWS South African Weather Service 

SWMP Storm Water Management Plan 

WMA Water Management Area 

IWULA Integrated Water Use Licence Application 
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LIST OF DEFINITIONS 

TERM DEFINITION 

Catchment 
A catchment defines an area from which water will naturally drain to a 
defined point. 

Flooding 
Flooding is a result of heavy or continuous rainfall exceeding the absorptive 
capacity of soil and the flow capacity of rivers and streams. 

Groundwater 
Recharge 

Groundwater recharge or deep drainage or deep percolation is a hydrological 
process whereby water moves downward from surface water to groundwater. 
This process usually occurs in the vadose zone below plant roots and is often 
expressed as a flux to the water table surface.  

Hydrograph 
A description of streamflow or stage versus time, with the flow on the vertical 
axis (y-axis) and time on the horizontal axis (x-axis) 

Hydrology  

Hydrology describes a field of study that analyses natural cycles of water as 
it passes through the environment. Aspects analysed include rainfall, 
evaporation, transpiration and runoff. Hydrology also refers to the results of 
analysis of certain aspects of hydrological cycles, such as river flow, or likely 
peak floods. 

Infiltration The movement of water from the land surface into the soil 

Peak flow The point of a hydrograph that has the highest flow 

River / Stream 

A river is a natural flowing watercourse, usually freshwater, flowing towards 
an ocean, sea, lake or another river. In some cases, a river flows into the 
ground and becomes dry at the end of its course without reaching another 
body of water. Small rivers can be referred to using a name such as a stream. 

Runoff 
Surface runoff is defined as the water that finds its way into a surface stream 
channel without infiltration into the soil and may include overland flow, 
interflow and base flow. 

Storm Water 
Management 
Plan (SWMP) 

The purpose of a SWMP is to prevent the pollution of water resources in and 
around mining areas, or areas where mining-related activity occurs.  It also 
prevents flooding and provides a safe working environment during extreme 
events. 

Time of 
Concentration 

Time of concentration is a concept used in hydrology to measure the response 
of a watershed to a rain event (Haan et al., 1994). It is defined as the time 
needed for water to flow from the most remote point in a catchment to the 
catchment outlet. 

Watercourse 
A watercourse refers to a river or spring, a natural channel in which water 
flows regularly or intermittently, or a wetland, lake or dam into which, or 
from which water flows and any collection of water. 
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EXECUTIVE SUMMARY 

GCS Water and Environmental Consultants (Pty) Ltd (GCS) was appointed by Buffalo Coal (Pty) 

Ltd to conduct a hydrological assessment for the Magdalena Colliery. The Magdalena Colliery 

is an existing coal mine located approximately 22 km north of the town of Dundee and 

approximately 325 km west-northwest of the City of Durban, in the KwaZulu-Natal Province.  

This study forms part of an Integrated Water Use License Application (IWULA), according to 

the South Africa National Water Act, 1998 (Act No. 36 of 1998) as well as updating the 

Environmental Management Program (EMPr) as per the requirements of the National 

Environmental Management Act, 1998 (NEMA) (Act No. 107 of 1998). 

 

Hydrology Update 

The climate at the Magdalena Colliery is warm and temperate with a Koppen-Geiger climate 

classification of Cwb (warm temperate, winter and hot summer) (Conradie, 2012). The site 

area is located within the V32D Quaternary Catchment of the Thukela Water Management 

Area (WMA). Local sub-catchments in the vicinity of the Magdalena Colliery form part of the 

Poonaspruit and Bloubankspruit, which are tributaries of the larger Thukela River Catchment. 

Mean Annual Precipitation (MAP) indicated a long term average of approximately 744 

mm/year using WR2012 data and Mean Annual Evaporation (MAE) was calculated at 

1500m/year based on Symons Pan (S-Pan). 

Runoff from natural (unmodified) catchments in this area is simulated in WR2012 as being 

equivalent to 47 mm/year over the surface area (~6.25% of the MAP). It was estimated that 

likely runoff from the mine site (plant area and workshop area) is influenced by buildings and 

compacted soil surfaces with a heavy traffic load (~38% of MAP). For the discard dump area, 

water will seep into surfaces more easily and will be held in temporary storage before being 

released at a more constant rate (~44% of MAP). The design rainfall depths were obtained for 

the site in order to calculate the design flood peaks using the closest rain gauge (Try_again 

(0371150_W)) (+/- 9km from the site).  

 

Conceptual SWMP 

Based on background information provided by Buffalo Coal, clean and dirty water areas were 

delineated based on topography and mine infrastructural plans. 
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The proposed conceptual SWMP measures, associated with the Magdalena Colliery included 

proposed drains, berms and proposed PCDs. The location of the proposed Dam 2 PCD, 

proposed PCD 1 and Spray Dam PCD was requested by Buffalo Coal to contain dirty water 

runoff from the Discard Dump Area and Processing Plant Area.  

The PCDs were sized using a daily mass-balance spreadsheet and daily rainfall and 

evaporation data along with SCS-SA to simulate runoff from the dirty areas. Transfers 

between the PCDs were simulated to determine that sizing of PCDs was adequate. 

 

Static Water Balance 

To set up the average water balance model based on the discussions and correspondence 

with the client, a PFD was drafted to create insight into all water-linked flows within the 

present and proposed infrastructure.  

Three water balances were calculated for the Magdalena Colliery. These includes an annual 

average water balance, a monthly water balance and a daily water balance. 

The largest contribution of inflow on site is from raw water being pumped from Spray Dam 

(~451 474 m3/year) where 117 316 m3/year is pumped to the processing plant. Borehol water 

is pumped into the Spray Dam and Bulwer Dam at 252 024 m3/year and 32 732 m3/year 

respectively. 

 

Floodline Assessment 

The 1:50 and 1:100-year return period floodlines and 100 m buffer indicate that some 

infrastructure and mine activity falls within the exclusion zone. It was recommended that 

any mine activity within the exclusion zone be avoided, unless an exemption is applied for 

and granted by the DWS. 

 

Risk identification and mitigation assessment 

The identified risks include erosion and siltation of nearby water sources due to the 

movement of vehicles in the mine. Recommendations to mitigate this impact were to keep 

vehicle movement within designated access roads, implement measures to mitigate erosion, 

such as diversion berms and the installation of silt traps to stop sediments from reaching 

nearby watercourses. 
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Furthermore, the reduction of water quality resulting from hydrocarbon spills including 

grease, oils and other pollutants which are washed away by overland flow may cause pollution 

in nearby watercourses. This may be mitigated by minimising spills and carrying out quick 

cleans in the event of spills occurring. Additionally, the implementation of the suggested 

stormwater management plan will mitigate potential pollution of other water sources. 

 

Additionally, non-operational adits that are not rehabilitated may collect contaminated 

runoff from the site which might contaminate groundwater through seepage. This may be 

mitigated by ensuring that all infrastructure (i.e. adits, discard dumps and PCDs) is 

rehabilitated after use to prevent the pollution of groundwater. 

 

Hydropedology 

The perceived dominant hydrological responses in the Magdalena Colliery are overland flow 

and interflow owing to the presence of shallow responsive and interflow soils (soil/bedrock 

& A/B interflow). Midslope soils are perceived to experience downward vertical flow towards 

groundwater aquifers. Return flow and throughflow seeps conceptually occur in selected 

sections within the midslope hillslope positions across the Magdalena Colliery site. 
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Recommendations 

The following recommendations have been made based on the outcomes of this hydrological 

assessment: 

 The Water Balance study was conducted with limited information; it is recommended that, 

when updated information becomes available, the water balance report be updated. This will 

add confidence to the water balance figures. 

 It is recommended that, for a more accurate Water Balance, all the water uses at the mine 

should be measured over a longer and extended period using flow meters to enable more 

accurate quantification of flows. 

 If the Spray Dam is decommissioned, a new return water dam facility must be considered as 

proposed PCDs must be kept empty. 

 It is recommended that a salt balance will be developed using surface and water quality data. 

 To minimize dirty water runoff at Magdalena it is recommended that the adits and stockpiles 

that are not in use be rehabilitated.  
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1 INTRODUCTION 

GCS Water and Environmental Consultants (Pty) Ltd (GCS) was appointed by Buffalo Coal (Pty) 

Ltd (Buffalo Coal) to conduct a hydrological assessment for the Magdalena Colliery. The 

Magdalena Colliery is an existing coal mine located approximately 22 km north of the town 

of Dundee and approximately 325 km west-northwest of the City of Durban, in the KwaZulu-

Natal Province. The site is found in quaternary catchment V32D and within the Thukela Water 

Management Area (WMA 7) (see Figure 1-1). 

This study forms part of an Integrated Water Use License Application (IWULA), according to 

the South Africa National Water Act, 1998 (Act No. 36 of 1998) as well as updating the 

Environmental Management Program (EMPr) as per the requirements of the National 

Environmental Management Act, 1998 (NEMA) (Act No. 107 of 1998). 

 

1.1 Project Description 

A water balance of the mine was developed by GCS in 2017 (GCS Project Number 16-0349) 

(GCS, 2017). This water balance was updated to represent the existing infrastructure and 

operational philosophy of the mine. 

The main objectives of this study are to provide hydrological specialist input, triggered by 

the above-mentioned activities, into the IWULA, as this was used to determine that the 

previously sized proposed PCDs were adequate to meet GN704 regulations. 
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Figure 1-1: Locality of the Magdalena Colliery 
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2 SCOPE OF WORK 

The water balance review and update that were undertaken included the following tasks: 

1. Information sourcing and literature review that included: 

 Acquisition and an assessment of existing literature, and 

 Investigation and summary of legislative and policy frameworks relating to 

the relevant surface water resource management. 

2. Updating of the Hydrology- the following was undertaken: 

 Catchment delineation for the water balance and SWMP (for areas that have 

changed since the original SWMP). This will be undertaken based on the site 

topography and site layout, and 

 Runoff calculations will be performed for the catchments of interest. 

3. A conceptual SWMP that included: 

 Identification of clean and dirty catchments for the new areas as well as the 

extension of the previous dirty water areas to include the extension of the 

discard dump and slurry pond; 

 Determination of impacts of infrastructure on the mean annual runoff of the 

catchment will be undertaken; 

 Determination of storm water flows and volumes were undertaken; 

 Calculations were undertaken for channel and storm water attenuation ponds 

sizing; 

 Indication and explanations of the placement of berms, channels and storm 

water attenuation infrastructure were offered; 

 Conceptual designs were undertaken and illustrated using GIS software for 

the updated and existing infrastructure, and 

 Merging of the current SWMP (after updating) with the SWMP derived and 

developed for the new areas near the Thembelisha Shaft and associated 

infrastructure. 

4. Static Water Balance: 

 A Visio-based, updated water process flow diagram (PDF) was generated 

based on the outcomes of a meeting with the client. The water balance 

model was based on the client-approved water process flow diagram, and 
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 An average annual water balance and water balances for a dry and wet 

month, on average (Department of Water and Sanitation (DWS) spreadsheet 

format) was compiled. 

 

5. Floodlines: 

 Simulate the 1:50 and 1:100-year peak floods for the two natural drainage 

lines and 3 rehabilitated drainage lines; and 

 Obtain cross sectional data for the drainage lines from the survey data 

provided; and 

 Simulate flood utilising the HEC-RAS model to determine the lateral extent 

of the 1:50 and 1:100 year floods. 

6. Hydropedology: 

 Hillslope delineation using Google Earth satellite imagery and 10 m contours; 

 Survey and mapping of hydrological soil types (HST); and 

 Construction of conceptual hydrological process models. 

7. Reporting of the abovementioned tasks was undertaken. 
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3 METHODOLOGY 

A holistic approach to this study was followed, thus local hydrological studies were linked to 

regional and national concerns, regulations and management strategies. This involved 

working primarily at the scale of the development site, but also assessing the hydrology at a 

catchment scale and at a Water Management Area (WMA) scale. 

 

3.1 Information Sourcing / Literature Review 

A desktop assessment of the area of interest was carried out, including a review of existing 

data and literature pertaining to the Magdalena Colliery.  

An investigation and summary of legislative and policy frameworks relating to the relevant 

surface water resource management was undertaken. 

 

3.2 Baseline Hydrology 

Climate data were obtained from the WR2012 database (WRC, 2015). This included monthly 

rainfall from 1920 to 2009 and fixed monthly Symons Pan evaporation.  

Catchments of river systems and drainage areas around the Magdalena Colliery were reviewed 

using the WR2012 database and topographical survey of the area, as provided by the Client.  

Local hydrology and hydrological inputs into the conceptual SWMP and water balances were 

determined. This included determining monthly unit runoff for various land use types present 

on the Magdalena Colliery and peak design rainfall.  

The design rainfall estimation tool (Smithers & Schulze, 2000) was used to extract peak design 

rainfall from SAWS weather station 0371150W_Try Again. 

 

3.3 Conceptual SWMP 

The conceptual SWMP was designed using the provided mine layout plans, reviewing the 

existing conceptual SWMP and topographical data in order to delineate areas of clean and 

dirty water and to contain dirty water on site. Measures to be taken to achieve an efficient 

and legally-compliant conceptual SWMP were compiled, using a series of recommended 

channels, berms and Pollution Control Dams (PCDs).   
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The conceptual SWMP was designed with adherence to relevant South African legislation – 

General Notice 704 of the South African National Water Act (Act 36 of 1988) (NWA, 1998) and 

the Department of Water and Sanitation (DWS) (previously the Department of Water Affairs) 

Best Practice Guidelines (BPG) G1: Storm Water Management Plant (DWA, 2006a) for use in 

the mining industry. 

The proposed PCDs must meet GN704 design criteria, as discussed in Section 4.2, to ensure 

that the proposed PCDs in the project area will not spill more than once, on average, in 50 

years. The storm water dams were sized using a mass balance, continuous daily time step 

Goldsim simulation model (Goldsim Technology Group, 2015).  

The water balance for the proposed PCDs were modelled by simulating inflows and outflows 

of the PCDs using daily rainfall, runoff (Section 5.5) and evaporation (Section 5.4) as 

hydrological inputs.  

A separate daily rainfall record, sufficiently long for the water balance modelling of the PCDs, 

were obtained from the DWS weather station of Chelmsford Dam (V3E002). The record is a 

continuous daily rainfall record between 1/10/1964 and 30/01/2016. 

 

3.4 Static Water Balance 

A Process Flow Diagram (PFD) was set up in conjunction with the client to give insight into 

the flow linkages within the present mine layout and future developments of Magdalena 

Colliery. Based on values provided by the client (partially measured), average volumes were 

calculated where possible. This information was then used to guide and calculate the average 

water balance and volumes present in the updated water balance and this was verified by 

the Client. 

The development of three spreadsheet-based water balances and salt balances in DWS format 

were undertaken: an average annual balance, an average dry month and an average wet 

month water and salt balance. 

The water balance was based on techniques used by the DWS Best Practice Guidelines (BPG) 

G2: Water balances (DWA, 2006b) for use in the mining industry. 
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3.5 Floodlines 

A Digital Elevation Model (DEM) indicating mean average metres above sea level (mamsl) 

created from survey data provided by the client was used to represent elevation data. 

Elevation data was transferred into HEC-RAS using HEC-GEORAS. The HEC-RAS model was then 

used to simulate flooding potential in rivers close proximity to the Magdalena Colliery study 

site. The HEC-RAS model simulates total energy of water by applying basic principles of mass, 

continuity and momentum as well as roughness factors between all cross sections (US Army 

Corps of Engineers, 1995). A height is calculated at each cross-section, which represents the 

level to which water will rise at that section, given the potential peak flows. This was 

calculated for the 1:50 year and 1:100-year flows on river sections.  

Three methods were used to calculate peak flows for the Magdalena site. These are the 

Rational Method, Standard Design Flood (SDF) and the Midgley and Pitman (MIPI) methods. A 

brief description of each of the peak flow methods can be seen in the following box: 

Rational Method 

The rational method was developed in the mid-19th century and is one of the most widely 

used methods for the calculation of peak flows for small catchments (< 15 km2). The formula 

indicates that Q = CIA, where I is the rainfall intensity, A is the upstream runoff area and C 

is the runoff coefficient. Q is the peak flow. There are 3 alternatives to the Rational Method 

which differ on the methodology used to calculate rainfall intensities. The first alternative 

(RM1) uses the depth-duration frequency relationships approach, the second uses the 

modified Hershfield equation while the third alternative uses the Design Rainfall software for 

South Africa (SANRAL, 2013). 

 

Midgley and Pitman  

The Midgley and Pitman (MIPI) method is an empirical method that relates peak discharge to 

catchment size, slope, and distance from drainage point to the centroid of the catchment 

(Campbell, 1986). The MIPI method uses 10 unit hydrographs for 10 zones in South Africa. The 

method does not consider overland flow as a component separate from streamflow but 

considers only the total longest flow path (Campbell, 1986). 

 

Standard Design Flood Method 

The Standard Design Flood (SDF) method was developed specifically to address the 

uncertainty in flood prediction under South African conditions (Alexander, 2002). The runoff 

coefficient (C) is replaced by a calibrated value based on the subdivision of the country into 

26 regions or Water Management Areas (WMAs). The design methodology is slightly different 

and looks at the probability of a peak flood event occurring at any one of a series of similarly 
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sized catchments in a wider region, while other methods focus on point probabilities 

(SANRAL, 2013). 

 

 

3.6 Risk and mitigation assessment 

The risk and mitigation assessment was undertaken with adherence to GCS’ risk assessment 

methodology. The risk assessment was conducted to identify the risks that the Magdalena 

Colliery may pose to the receiving environment. This was undertaken using a risk matrix 

whereby the various impacts are scored according to qualitative measures of the extent, 

magnitude, duration, reversibility and probability of the risk occurring. 

The risk rating matrix methodology used within this study is based on the following 

quantitative measures:  

Table 3-1: Risk Rating Matrix 

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 

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 

 

The ratings are combined to determine the risk significance points for the impacts according 

to the following equation: Risk significance value = (Magnitude + Duration + Scale) x 

Probability. 

The maximum value that can be achieved is 100 Significance Points (SP). Environmental 

effects were rated as follows: 
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Table 3-2: Risks Significance Points 

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 

 

3.7 Hydropedology 

The survey was undertaken according to a hydropedological survey technique presented in 

(Le Roux, et al., 2011). This involved the identification of representative hillslopes in the 

study area, augering observations along transects perpendicular to the slope, detailed 

descriptions, identification of horizons, taxonomic classification of the soil profiles ( Soil 

Classification Working Group, 1991), and recording of all soil features related to hydrology.  

The soil information was interpreted and related to associate hydrological behaviour. 

Conceptual hydrological process models were developed based on the identified hydrological 

soil types and associated hydrological responses for the surveyed hillslope transects.  

 

3.8 Software 

Software used during the study included the following: 

 ESRI ArcGIS 10.1 for Geographic Information Systems (GIS) work and mapping 

 GoldSim® model package for PCD sizing; and 

 Microsoft Visio software for generating the PFD. 
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4 LEGISLATIVE AND POLICY FRAMEWORKS 

This section describes the policy and legal framework within which the hydrological 

assessment was undertaken. 

 

4.1 The National Water Act 

The National Water Act (NWA), Act 36 of 1998 (NWA, 1998) is the principal legal instrument 

relating to water resource management in South Africa. As guardian and trustee of the 

nation’s water resources, the Government (specifically the Department of Water and 

Sanitation) must ensure that water is protected, used, developed, conserved, managed and 

controlled in a sustainable and equitable manner for the benefit of all persons and in 

accordance with its constitutional mandate. 

 

4.2 Regulations on the Use of Water for Mining and Related Activities  

General Notice 704 and Regulation 77 of the National Water Act (Act 36 of 1988) stipulate 

the requirement in respect of the use of water for mining and related activities is aimed at 

the protection of water resources. As mentioned, the GN704 was established for the mining 

industry but, in the absence of more appropriate or project-specific legislation, can be and 

often is applied to other sectors because it is a conservative and detailed piece of legislation. 

GN704 stipulates that no mining infrastructure is allowed to be placed and constructed closer 

than 100 m from a river or from the 1:50-year flood line; whichever of the 2 is farthest from 

the river in question at any one point. The area within this designation is termed the Exclusion 

Zone. Regulation 4(b) of GN704 reads; ‘No person in control of a mine or activity may - except 

in relation to a matter contemplated in regulation 10, carry on any underground or opencast 

mining, prospecting or any other operation or activity under or within the 1:50-year flood 

line or within a horizontal distance of 100 meters from any watercourse or estuary, whichever 

is the greatest’.  

GN704 further specifies that every person in control of a mine or activity must- design, 

construct, maintain and operate any dirty water system at the mine or activity so that it is 

not likely to spill into any clean water system more than (on average) once in 50 years. 
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5 HYDROLOGY UPDATE 

The following describes a brief summary of the investigated receiving environment including 

baseline meteorology, climate and hydrology at the Magdalena Colliery. 

 

5.1 General Climate and Meteorological analysis 

The Magdalena Colliery site is located in the upper Thukela Catchment and lies predominantly 

in KwaZulu-Natal. The vegetation biome that dominates this area is Central Bushveld of 

KwaZulu-Natal Province (Kruger, 2004). This includes steep valleys and hillslopes with fragile 

soil systems. 

The climate at the Magdalena Colliery is warm and temperate with a Koppen-Geiger climate 

classification of Cwb (warm temperate, winter and hot summer) (Conradie, 2012). 

 

5.2 Catchment and Drainage Characteristics 

The Magdalena Colliery is situated approximately 22 km north of the town of Dundee and 

approximately 325 km west-northwest of the City of Durban, in the KwaZulu-Natal Province.  

The site area is located within the V32D Quaternary Catchment of the Thukela Water 

Management Area (WMA) (see also Figure 1-1). 

 

5.3 Rainfall 

Rainfall for the site is based on 90 years of record obtained from the Water Resources of 

South Africa Report 2012 (WR2012) (WRC, 2015). The WR2012 records indicate a long term 

average of approximately 744 mm per annum (see Figure 5-1).  

In addition, a daily rainfall data record in the vicinity of the mine was used from the South 

African Weather Service (SAWS) (Try again, 0371150_W) to verify average rainfall. This 

station had a shorter historical record of 26 years, but also indicated a long term average of 

approximately 736 mm per annum, which confirmed the WR2012 record for the Magdalena 

site. 
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Figure 5-1: Monthly rainfall distribution at the Magdalena Colliery 

 

 
 

 

Figure 5-2: S-Pan Evaporation for Magdalena Colliery (WRC, 2005) 
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5.4 Evaporation 

Mean Annual Evaporation (MAE) data used for this site is based on the 1 500 mm/year Symons 

Pan (S-Pan) evaporation and Evaporation Zone 21A (WRC, 2015). Evaporation is likely to be 

distributed as presented in Figure 5-2. 

 

5.5 Runoff 

Runoff from natural (unmodified) catchments in this area is simulated in WR2012 as being 

equivalent to 47.81 millimetres per annum (mm/annum) over the surface area (WRC, 2015). 

This is equal to approximately 3.5% of the MAP. WR2012 simulated natural runoff for 

Quaternary Catchment V32D is distributed and shown in Figure 5-3. 

The climatic factors described above combine to influence the surface runoff expected for 

the Magdalena Colliery. Many undisturbed areas will contribute runoff of similar quantities 

and with similar distribution patterns to the natural runoff described above. 

 

 

Figure 5-3: Simulated natural runoff for quaternary catchment V32D (WRC, 2015) 
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6 CONCEPTUAL SWMP 

A conceptual SWMP was developed for the Magdalena Colliery. The methodology is described 

in Section 3.3.  

 

6.1 Delineation of Clean and Dirty Water Areas 

Based on the proposed scope and background information provided by the client, dirty water 

areas were defined with regards to the Thembelisha Shaft, Processing Plant area, Discard 

Dump Area (including the Slurry Pond and Spray Dam). The same information was also used 

to propose SWMP measures that were satisfactory to mitigate potential surface water risks in 

order to comply with the relevant legislation. 

Clean and dirty water areas were delineated based on topography and mine infrastructural 

plans. The mine site was broken up into three dirty water sections (see Figure 6-1 and Error! 

Reference source not found.): 

A. Discard Dump Area (including Slurry Pond); 

B. Processing Plant Area with Offices and Workshops; and 

C. Thembelisha Shaft. 

These three areas have different drainage characteristics and, therefore, separate SWMPs 

were drawn up for each area. The dirty areas are presented in green where dirty water must 

be contained within the dirty water areas by placing a set of lined dirty water drains, berms 

and PCDs.  

The areas in blue represent clean water that must be diverted away from the dirty water 
areas by constructing a set of clean water drains and berms. A summarised overview of 
dirty and clean water areas, listing the footprint sizes, is given in  

 

Table 6-1 and Table 6-2.  
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Table 6-1: Overview of all delineated dirty water catchment areas in the vicinity of the 
Magdalena Colliery 

DIRTY CATCHMENT SURFACE AREA (ha) 

 

D1 3.44 

D2 3.16 

D3 3.80 

D4 2.59 

D5 1.32 

D6 9.18 

D7 2.51 

D8 1.00 

D9 5.92 

D10 9.65 

D11 1.55 

D12 4.15 

D13 2.34 

D14 5.00 

D15 2.12 

 

 
Table 6-2: Overview of all delineated clean water catchment areas in the vicinity of the 
Magdalena Colliery 

CLEAN CATCHMENT SURFACE AREA (ha) 

Clean water catchments 

Clean Water Catchment 1 120.00 

Clean Water Catchment 2 7.56 

Clean Water Catchment 3 2.54 

Clean Water Catchment 4 106.00 

Clean Water Catchment 5 30.70 

Clean Water Catchment 6 16.50 

Clean Water Catchment 7 15.30 

Clean Water Catchment 8 51.60 
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6.2 Proposed SWMP Measures 

The proposed conceptual SWMP measures, associated with the Magdalena Colliery are shown 

in Error! Reference source not found., including proposed drains, berms and proposed PCDs. 

Sizing of the proposed PCDs is discussed in Section 6.3. In general, re-use of dirty water in 

PCDs and the mining process should be promoted and was also taken into account in the 

average balance (Section 7.1). 

The location of the proposed Dam 2 PCD and PCD 1 was requested by Buffalo Coal to contain 

dirty water runoff from the Discard Dump Area and Processing Plant Area. It was also advised 

that sediment/ silt traps be placed before water enters the PCDs to reduce the amount of 

silt that deposits in these dams, which is likely to affect the storage areas of these dams. 

As the Processing Plant Area is considered a dirty water area, the Dam 2 PCD has been 

proposed at the lowest point of the dirty water area. Designs for Dam 2 PCD and PCD 1 are 

shown in Appendix C. The processing plant area should be surrounded by berms and clean 

water drains to divert clean water runoff around the processing plant area (see Error! 

Reference source not found.). Dirty water storm water drains should be built to divert 

polluted storm water runoff into the proposed Dam 2 PCD. Water from the unrehabiliatated 

stockpiles should be diverted to the sump of the nearest adit, where it can be pumped to 

Dam 2 PCD. 

For storm water measures concerning the Thembelisha Shaft, a combined dirty drain and 

berm system should be placed around the overburden dump and shaft area to prevent clean 

water entering the dirty water area. A sump should be placed at the lowest point of the 

Thembelisha Shaft and water collected here should be used in the underground working or 

pumped and utilised in the mining processes (processing plant and/or dust suppression). The 

unrehabilitated adits that are no longer in use require sumps to catch runoff. All sumps should 

be pumped either to underground for dust suppression or to the Planned Dam2 PCD. Dam 2 

PCD should be connected to both PCD1 and the Spray Dam so that excess water can be 

pumped to the PCD 1 and the Spray Dam. 
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Figure 6-1: Overview of the SWMP (Processing Plant and Discard Dump Area) and delineated catchments at the Magdalena Colliery 
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Figure 6-2: Conceptual design of berms and drains 
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6.3 Sizing of PCDs 

The proposed PCDs must meet GN704 design criteria, as discussed in Section 4.2, to ensure 

that the proposed Dam 2 PCD and Slurry Discard PCD in the project area will not spill more 

than once, on average, in 50 years.  

The PCDs were sized using a daily time step spreadsheet and SCS-SA runoff calculation to 

simulate a mass water balance of the PCDs with the following inflows and outflows: 

Inflows: 

 Direct rainfall; 

 Runoff from upstream catchments; and 

 Inflows from mining infrastructure (processing plant area and seepage from Slurry 

Pond). 

Outflows: 

 Evaporation losses; 

 Return pumping to mine infrastructure; 

 Seepage losses through HDPE Liner; 

 Dust Suppression; and 

 Spillage losses. 

Direct rainfall and evaporative losses (see Section 5.3 and 5.4) were calculated using the 

surface area of the dams at the time of calculation.  

Seepage rates through the HDPE liner, at a rate of 1x10-9 m/s, was taken from the previous 

SWMP of Ilanda Water Services (2011). This is generally accepted as an acceptable seepage 

rate through an HDPE liner. 

Seepage rates from the Slurry Pond to the Slurry Discard PCD were conservatively assumed 

at 100 m3/d.  

Pumping inflows from the processing plant area to Dam 2 PCD was based on data from the 

client, pumping approximately ~315 m3/d of water (see also Section 7.1.1). Maximum 

pumping rates from the Slurry Discard PCD to the Spray Dam were also assumed at ~78 m3/d, 

which is approximately half of the current pump rate between the Slurry Pond and Spray 

Dam. 
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The results show that Dam 2 PCD and the Planned PCD 1 and the Spray Dam will require a 

capacity of approximately 20 000 m3, 8 000 m3 and 40 000 m3 respectively not to spill more 

than once in the 50 years on average (see Error! Reference source not found. and Error! 

Reference source not found.). 

Table 6-3: Proposed PCDs and calculated storage capacities 

DAM CAPACITY (m3) 

Dam 2 PCD 20 000 

Planned PCD 1 8 000 

Spray Dam 40 000 

 

 

 

6.4 Design Flood Peaks 

The EPA SWMM model was used to calculate the design flood peaks for the relevant delineated 

clean and dirty areas, see Table 6-4.  

The SWMP is based on future land cover conditions that will cause an increase in impervious 

areas, thus the best flood peak determination methods for the purpose of this study is the 

rational method as this method incorporates a runoff factor that is based on surface slope, 

perviousness (ability of water to infiltrate into the ground) of the site and vegetation. 

Within the clean and dirty water areas of the processing plant area, it was required to 

calculate design flood peaks to size the proposed drains with a return period of 50 years, as 

required by GN704. Calculations were based on future land cover conditions. Subsequently, 

by using the Manning’s equation, the required depth (d) of the drain can be established. A 

typical drain and berm arrangement is presented in Figure 6-2. 

The flood peaks can be seen in Table 6-4 and the calculation sheet is presented in Appendix 

A.  

Table 6-4: Design flood peaks for the relevant dirty and clean water catchments. 

CATCHMENT 
SURFACE AREA 

(ha) 

50 YEAR DESIGN FLOOD 
PEAK (m3/s) 

RETURN PERIOD (YEARS) 

50 YEAR DESIGN FLOOD 
Volume (m3 x 1000) 

RETURN PERIOD 
(YEARS) 

  

D1 3.44 1.56 3.49 

D2 3.16 1.46 3.21 

D3 3.80   

D4 2.59   

D5 1.32   

D6 9.18   

D7 2.51   

D8 1.00   
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D9 5.92   

D10 9.65   

D11 1.55   

D12 4.15   

D13 2.34   

D14 5.00   

D15 2.12   

Clean Water Catchment 1 120.00 15.6 83.73 

Clean Water Catchment 2 7.56 2.39 52.22 

Clean Water Catchment 3 2.54 0.85 1.83 

Clean Water Catchment 4 106.00 10.12 72.73 

Clean Water Catchment 5 30.70 5.16 21.65 

Clean Water Catchment 6 16.50 3.57 11.73 

Clean Water Catchment 7 15.30 3.88 10.93 

Clean Water Catchment 8 51.60 4.13 34.94 
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7 STATIC WATER BALANCE 

The following section investigates the average water balance of the Magdalena Colliery Site. 

 

7.1 Water Balance 

The following section described the results of the Magdalena Colliery. 

 

7.1.1 Operational Philosophy and PFD 

To set up the average water balance model based on discussions with the client, a PFD was 

drafted to create insight into all water-linked flows within the present and proposed 

infrastructure. The final PFD, shown inError! Reference source not found. Figure 7-1, was 

developed in liaison with the Client and the dirty water locations can be seen in Figure 7-1. 

Some of the values were measured and are provided in Appendix B. 

The following assumptions were made to develop the PFD and water balance model: 

 Volumes indicated in the PFD are average values provided by the client and illustrates 

the water balance concept. 

 Potable water is provided by uThukela Water at 60 m3/d (provided by the client). 

Grey and sewage water is transported off site via a honey sucker. 

 Borehole water pumped into the Spray Dam and Bulwer Dam is 252 0245 m3/year and 

32 734 m3/year respectively. 

 Dust Suppression was assumed to make up the remainder of water used from the 

spray dam. 

 It was assumed that 50 m3/d is used for dust suppression around offices and workshop 

sites at Thembelisha Shaft and STA1&2 Adits. The rest is used in the underground for 

dust suppression. 

 Surface water resources are rainfall/runoff captured in various water containing 

dams (Dam EV1, Dam 2 PCD, Slurry Discard PCD, Slurry Pond and Spray Dam); 

 Stormwater runoff collected on the Processing Plant Area and Discard Dump Area will 

be considered ‘dirty’ and must be capture in the proposed Dam 2 PCD and Slurry 

Discard PCD and should be used where possible to compensate for the make-up 

demand in preference of clean raw water sources. 

 Monthly unit runoff (per square metre) for the area corresponds with values described 

in Section 5.5. This was used to calculated runoff/seepage from the processing plant 

area and discard dump area captured in the PCDs, Spray Dam and Slurry Pond; 
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 It was estimated that 100 m3/d of groundwater inflows into the underground are 

expected (GCS, 2017).  

 Seepage losses from the Slurry Pond were assumed at a soil permeability k-value of 

1x10-2 m/d. 

 The Spray Dam is currently acting as a return water dam. Pumped inflows into the 

Spray Dam are raw water pumped from Bulwer Dam and return water from the Slurry 

Pond. 

 Symons Pan Evaporation (evaporation expected off an open body of water) will be 

nearly constant, averaging at 1 500 mm/annum (as discussed in Section 5.4). 
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Figure 7-1: PFD for the Magdalena Colliery
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7.1.2 Average Water Balance Results 

Three water balances were calculated for the Magdalena Colliery Site. These include an 

annual average water balance (see Table 7-1), an average monthly water balance (see Table 

7-2) and an average daily  water balance (see Table 7-3). These water balances provide 

general insight into the overall total water use and consumption of the mine site.  

The largest contribution of inflow on site is from raw water being pumped from Spray Dam 

Dam (~451 474 m3/year) where 117 316 m3/year is pumped to the processing plant. Borehole 

water is used to top up the Spray dam and Bulwer dam with volumes of 252 024 m3 and 

32 732 m3 respectively. 
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Table 7-1: Average annual water balance for the Magdalena Colliery 

 

  

Facility Name Water In

Water 

Out Balance

Magdalena Water Circuit/stream

Quantity 

(m3/a) Water Circuit/stream

Quantity 

(m3/a) Balance

From: Groundwater ingress 36 500 To: Dust suppression 0

To: Underground workings 36 500

Total 36 500 Total 36 500 0

To: Service water use 29 941

From: Groundwater Ingress 36 500 To: Dust Suppression 18 250

From: Dam EV1 96 507 To: Underground Dam 84 816

Total 133 007 Total 133 007 0

From: Rainfall 5 012 To: Evaporation 4 785

From: Dam 2 PCD 107 500 To: STA 1&2 96 507

To: Lossess 11 220

Total 112 512 Total 112 512 0

From: Rainfall 21 261 To: Evaporation 40 115

From: Borehole 32 732 To: Processing Plant 130 394

From: Runoff 379 347 To: Spray dam 165 370

To: Dust Suppression 97 461

Total 433 340 Total 433 340 0

From: Rainfall 7 595 To: Evaporation 15 000

From: Processing Plant 114 905 To: Dam EV1 107 500

Total 122 500 Total 122 500 0

From:  Rainfall 3 975 To: Evaporation 7 500

From: Runoff 71 555 To: Spray Dam 68 530

From: Seepage 500

Total 76 030 Total 76 030 0

From: Rainfall 41 155 To: Evaporation 77 651

From: Processing Plant 79 991 To: Seepage 15 000

To: Spray Dam 28 495

Total 121 146 Total 121 146 0

From: Spray Dam 117 316 To: Slurry Pond 79 991

From: Bulwer Dam 130 394 To: Dam 2 PCD 114 905

From: Potable Wazter supply 21 900 To: Lossess 7 814

To: Dust Suppression 45 000

To: Septic Tanks 21 900

Total 269 610 Total 269 610 0

From: Rainfall 5 585 To: Evaporation 10 538

From: Borehole 252 024 To: Dust suppression 349 898

From: Slurry Pond 28 495 To: Plant 117 316

From: Bulwer Dam 165 370

From: Runoff from Discard Dump 26 277

Total 477 751 Total 477 751 0

From: Thukela Water 5 110 To: Septic Tanks 5 110

Total 5 110 Total 5 110 0

TOTALS 1 787 505 1 787 505

Offices and change house

Slurry Discard PCD

Slurry Pond

Processing plant

Spray Dam

Dam 2 PCD

Annual Water Balance for Magdalena

Tembalisha shaft and Underground

STA 1&2 Adits and Underground

Dam EV1

Bulwer Dam



Buffalo Coal (Pty) Ltd Hydrological Assessment for Magdalena Colliery 

18-0564 13 November 2018 Page 27 

Table 7-2: Average monthly water balance of the Magdalena Colliery 

 

  

Facility Name Water In

Water 

Out Balance

Magdalena Water Circuit/stream

Quantity 

(m3/m) Water Circuit/stream

Quantity 

(m3/m) Balance

From: Groundwater ingress 3 042 To: Dust suppression 0

To: Underground workings 3 042

Total 3 042 Total 3 042 0

To: Service water use 2 495

From: Groundwater Ingress 3 042 To: Dust Suppression 1 521

From: Dam EV1 8 042 To: Underground Dam 7 068

Total 11 084 Total 11 084 0

From: Rainfall 418 To: Evaporation 399

From: Dam 2 PCD 8 958 To: STA 1&2 8 042

To: Lossess 935

Total 9 376 Total 9 376 0

From: Rainfall 1 772 To: Evaporation 3 343

From: Borehole 2 728 To: Processing Plant 10 866

From: Runoff 31 612 To: Spray dam 13 781

To: Dust Suppression 8 122

Total 36 112 Total 36 112 0

From: Rainfall 633 To: Evaporation 1 250

From: Processing Plant 9 575 To: Dam EV1 8 958

Total 10 208 Total 10 208 0

From:  Rainfall 331 To: Evaporation 625

From: Runoff 5 963 To: Spray Dam 5 711

From: Seepage 42

Total 6 336 Total 6 336 0

From: Rainfall 3 430 To: Evaporation 6 471

From: Processing Plant 6 666 To: Seepage 1 250

To: Spray Dam 2 375

Total 10 095 Total 10 095 0

From: Spray Dam 9 776 To: Slurry Pond 6 666

From: Bulwer Dam 10 866 To: Dam 2 PCD 9 575

From: Potable Wazter supply 1 825 To: Lossess 651

To: Dust Suppression 3 750

To: Septic Tanks 1 825

Total 22 468 Total 22 468 0

From: Rainfall 465 To: Evaporation 878

From: Borehole 21 002 To: Dust Suppression 29 158

From: Slurry Pond 2 375 To: Plant 9 776

From: Bulwer Dam 13 781

From: Runoff from Discard Dump 2 190

Total 39 813 Total 39 813 0

From: Thukela Water 426 To: Septic Tanks 426

Total 426 Total 426 0

TOTALS 148 959 148 959

Slurry Discard PCD

Slurry Pond

Processing plant

Spray Dam

Offices and change house

Dam 2 PCD

MonthlyWater Balance for Magdalena

Tembalisha shaft and Underground

STA 1&2 Adits and Underground

Dam EV1

Bulwer Dam
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Table 7-3: Average daily water balance average of the Magdalena Colliery 

 

 

 

 

 

 

Facility Name Water In

Water 

Out Balance

Magdalena Water Circuit/stream

Quantity 

(m3/d) Water Circuit/stream

Quantity 

(m3/d) Balance

From: Groundwater ingress 100 To: Dust suppression 0

To: Underground workings 100

Total 100 Total 100 0

To: Service water use 82

From: Groundwater Ingress 100 To: Dust Suppression 50

From: Dam EV1 264 To: Underground Dam 232

Total 364 Total 364 0

From: Rainfall 14 To: Evaporation 13

From: Dam 2 PCD 295 To: STA 1&2 264

To: Lossess 31

Total 308 Total 308 0

From: Rainfall 58 To: Evaporation 110

From: Borehole 90 To: Processing Plant 357

From: Runoff 1 039 To: Spray dam 453

To: Dust Suppression 267

Total 1 187 Total 1 187 0

From: Rainfall 21 To: Evaporation 41

From: Processing Plant 315 To: Dam EV1 295

Total 336 Total 336 0

From:  Rainfall 11 To: Evaporation 21

From: Runoff 196 To: Spray Dam 188

From: Seepage 1

Total 208 Total 208 0

From: Rainfall 113 To: Evaporation 213

From: Processing Plant 219 To: Seepage 41

To: Spray Dam 78

Total 332 Total 332 0

From: Spray Dam 321 To: Slurry Pond 219

From: Bulwer Dam 357 To: Dam 2 PCD 315

From: Potable Wazter supply 60 To: Lossess 21

To: Dust Suppression 123

To: Septic Tanks 60

Total 739 Total 739 0

From: Rainfall 15 To: Evaporation 29

From: Borehole 690 To: Dust Suppression 959

From: Slurry Pond 78 To: Plant 321

From: Bulwer Dam 453

From: Runoff from Discard Dump 72

Total 1 309 Total 1 309 0

From: Thukela Water 14 To: Septic Tanks 14

Total 14 Total 14 0

TOTALS 4 897 4 897

Slurry Discard PCD

Slurry Pond

Processing plant

Spray Dam

Offices and change house

Dam 2 PCD

Daily Water Balance for Magdalena

Tembalisha shaft and Underground

STA 1&2 Adits and Underground

Dam EV1

Bulwer Dam
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8 FLOODLINE ASSESSMENT 

Floodlines on river sections are analysed to evaluate risks associated with potential flooding or 

inundation of infrastructure and for the protection of water resources.   

8.1 Peak Flows 

Flood peak flows for the delineated sub-catchments were calculated using the Rational, Midgley and 

Pitman (MIPI) and the SDF methods. The delineated sub-catchments can be seen in Figure 8-1. The 

rational method peaks were selected for use in HEC-RAS because this method is generally more 

appropriate for small catchments (i.e. catchments < 15 km2). The calculated peak flows can be seen 

in Table 8-1. 

Table 8-1: Peak flows for river sections in Magdalena Colliery 

Catchment 

 
 
Area (km2) 
 

Method 

RATIONAL MIPI SDF 

1:50yr 1:100yr 1:50yr 1:100yr 1:50yr 1:100yr 

(m3/s) 

N1 0.208 24 29 10 12 11 14 

N2 0.237 13 15 9 11 10 13 

N3 0.117 17 20 7 8 7 8 

N4 1.33 74 87 33 42 54 70 

N5 0.77 45 53 35 44 32 42 

 

8.2 Floodline Results 

Floodlines were calculated for the river sections within close proximity of the Magdalena Colliery. 

100 m buffers were demarcated for river sections on the project site.  

Floodlines were calculated for the river sections for flood events of the 1:50-year and 1:100-year 

return periods (See Figure 8-2). The exclusion zone represents an area where no development should 

take place and is marked by the furthest of either the 1:50-year flood line or the 100 m buffer from 

a watercourse (See Figure 8-3). The exclusion zone is demarcated in order to ensure protection of 

infrastructure from flood hazards as well as to protect the water resources in the area. 

As can be seen from Figure 8-3, a portion of the mine area falls within the exclusion zone. It is 

recommended that any mine activity within the exclusion be avoided, or exemption be applied for in 

order to ensure compliance with the NWA guidelines.  
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Figure 8-1: Delineated sub-catchments at the Magdalena Colliery 
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Figure 8-2: Floodline delineation for Magdalena Colliery 
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Figure 8-3: Exclusion zone for the Magdalena Colliery 
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9 RISK IDENTIFICATION AND MITIGATION 

The following potential surface water impacts or risks were identified for the Magdalena Colliery: 

Impact: 

 Increased runoff and flow velocities resulting from soil compaction due to movement of 

vehicles and machinery. This will lead to accelerated erosion and the siltation of nearby 

watercourses. 

Mitigation: 

 Keep vehicle movement to designated access roads to avoid spreading the impact to wider 

areas; and 

 Ensure flow velocities are managed along the roads by implementation of flow 

break/diversion berms, etc. 

 Construct silt traps to stop sediments from reaching nearby watercourses. 

Impact: 

 Reduction of water quality resulting from hydrocarbon spills including grease, oils and other 

pollutants which are washed away by overland flow and cause pollution in nearby 

watercourses. 

Mitigation: 

 Minimise spills and keep vehicles away from the watercourse and conduct quick clean-ups 

when spills occur. Used oils and grease should be disposed of by accredited vendors. 

 All dirty water should be contained as indicated in the stormwater management plan. 

Impact:  

 Non-operational adits that are not rehabilitated may collect contaminated runoff from the 

site which might contaminate groundwater through seepage. 

Mitigation: 

 Ensure that all infrastructure (i.e. adits, discard dumps and PCDs) is rehabilitated after use 

to prevent the pollution of groundwater. 

Impact: 

 Decrease in water quality of receiving waters from runoff. 

Mitigation: 

 Correct implementation and maintenance of storm water management plan. 

The aforementioned impacts and the proposed mitigation measures are summarised in Table 9-1. 
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Table 9-1: Surface water impact assessment and mitigation 
 

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 

Soil compaction may 
be caused by the 
movement of heavy 
machinery which may 
result in soil erosion 
and siltation 

General mine 
area 

Movement of 
heavy 
machinery 

8 4 2 3 42 - M 

Restrict vehicle 
movement to 
designated access 
roads 

4 2 2 2 16 - L 

Hydrocarbon spills 
from site vehicles 
pollute local water 
resources 

Mine vehicle 
routes 

Mine Vehicles 4 4 2 4 40 - M 

Minimise areas 
where spills might 
occur; capture and 
contain runoff from 
these areas; install 
an oil and grease 
trap at the 
discharge into the 
PCD/Sump; safely 
dispose of captured 
pollutants 

4 2 
2 

 
 

3 24 - L 

Water discharging from 
the site could lead to 
river bank erosion  

Receiving 
surface water 
bodies 

Bank erosion 2 5 2 3 27 - L 

Bank stabilisation 
and engineering 
design of water 
discharge points 

2 5 1 1 8 - L 

Polluted decant from 
the colliery may cause 
pollution of water in 
the receiving water 
body 

Receiving 
water bodies 

Sump/Storage 6 4 2 4 48 - M 

Decant water 
should be captured 
and contained in 
the sump, and 
disposed of in an 
approved manner 

2 1 1 1 4 - L 

Pollution of 
groundwater  

Mine 
infrastructure 
not 
rehabilitated 
after use 

Discard 
dump, adits 
and PCDs 

6 4 1 4 44 - M 
Rehabilitate all 
mine infrastructure 
following usage 

2 2 1 4 20 - L 

Pollution of receiving 
surface water bodies 

Receiving 
water bodies 

Mining 6 4 2 4 48 - M 

Correct 
implementation and 
maintenance of 
storm water 
management plan 

2 1 1 1 4 - L 
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10 HYDROPEDOLOGY 

Soil genesis is influenced by physical and chemical water related processes and soils are, therefore, 

a first order control of hydrological processes. The water transfer function of soils varies with a 

number of factors including soil properties, topography and climate. Characteristic soil properties 

make it possible to conceptualise hillslope hydrological responses within catchments. The approach 

followed in this study includes the classification of hillslopes on the site and physical site 

investigations to determine the hydrological soil types (HST). Finally, a conceptualization of 

hydrological processes that occur on the various hillslopes, based on HST was undertaken.  

10.1  Soil Classification 

A site visit was undertaken to classify the soil found at the Magdalena site. Most of the study area was 

found to be disturbed, hence adequate soil classification could not be undertaken. Sample points 

were therefore used to interpolate the soil types that would be anticipated prior to soil disturbances 

resulting from mine activity in the Magdalena Colliery.  

The soils at the Somkhele Anthracite Mine predominantly fall within the Dc40 and land type (ARC, 

2006). The Dc land use is characterized by either red or non-red duplex soils (sandier topsoil abruptly 

overlying more clayey subsoil). The geology is mainly dolerite, with sandstone of the Vryheid formation, 

Ecca Group (ARC, 2006).  
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Figure 10-1: Soil distribution for Magdalena Colliery 
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10.2 Site Visit and Hydropedological Assessment  

A site visit was undertaken on the 18th of September 2018 during which the perceived hillslope 

hydrological processes were characterised on the sites. Hillslopes across the sites were delineated in 

ArcGIS using 10 m contours. The hillslopes across the different sites can be seen in Figure 10-2. 
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Figure 10-2: Hillslope classification at Magdalena Colliery 
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10.3 Hydrological Soil Types 

In the determination of Hydrological Soil Types (HST), soils were divided into classes based on their 

expected hydrological responses (Van Tol et al., 2013). Hydrological processes were perceived from 

traceable signatures in the soil matrix resulting from the soil’s ability to transmit, store and react 

with water (Le Roux, et al., 2011). Three (3) HST were identified within the surveyed hillslopes at 

the Magdalena Colliery. These HST include recharge soils, interflow (A/B) soils and responsive 

(shallow) soils. The HST, associated descriptions and representative symbols are presented in Table 

10-1. 

Table 10-1: Hydrological soil types of the surveyed hillslopes   

 
(Adapted from (Van Tol et al., 2013)) 

 

  

Hydrological soil type Description Symbol 

Recharge 

The soils do not have any morphological indication of 

saturation. Vertical flow through and out of the profile 

into the underlying bedrock is the dominant flow path. 

These soils are deep and freely drained and are 

experiencing the leaching of nutrients to underlying soil 

horizons. 

 

 

Interflow (A/B) 

The soils have a textural discontinuity which facilitates 

build-up of water in the topsoil, the water that sits on 

the upper layer then flows laterally into the stream on 

the A/B horizon interface. The flow path is 

predominantly downslope in a lateral direction. 

 

 

Responsive (Shallow) 

The soils are shallow and they overly a relatively less 

permeable weathered rock or bedrock. They have 

limited storage capacity which results in the generation 

of overland flow after rainfall events. 

ooo 
ooo 
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10.4 Conceptual Hydrological Process Responses  

The identified HST were used to develop conceptual hydrological process models for the studied 

hillslopes using the aforementioned representative symbols (See Table 10-1) and these are indicated 

in Figure 10-4). The arrows within the diagrams indicate the water flow paths perceived to be 

dominant within the specified hillslope catena. Oblique arrows at the interface of 2 different HST 

indicate return flow or seepage onto the surface resulting from groundwater ridging, and/or a break 

in slope and/or when there is encounter with a less permeable soil plug within the hillslope.    
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Figure 10-3: Hydrological soil types in Magdalena Colliery 
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  Hillslope 13, 14, 15, 16, 17 & 22 

 

Figure 10-4: Conceptual hydrological process responses within Magdalena Colliery 
 

 ooooooooooooooooooooo 
ooooooooooooooooooooo 
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11 CONCLUSIONS 

Based on the activities undertaken within this study, the following conclusions were drawn. 

 

11.1 Hydrology Update 

 Runoff from natural (unmodified) catchments in this area was equivalent to 25.89 mm/year 

over the surface area and is equal to approximately 3.5% of the MAP.  

 It is expected that likely runoff from the mine site (processing plant and workshop area) is 

influenced by buildings and compacted soil surfaces with a heavy traffic load. It is expected 

that runoff (~38% of MAP) will occur. 

 For the discard dump area water will seep into surfaces more easily and will be held in 

temporary storage before being released at a more constant rate (~44% of MAP). 

 

11.2 Conceptual SWMP 

 Two proposed PCDs (Dam 2 PCD and PCD 1) must be constructed to meet GN704 design 

criteria.  

 Dam 2 PCD and the Slurry Discard PCD will require a capacity of approximately 20 000 m3 and 

8 000 m3 respectively not to spill more than once in the 50 years on average. 

 

11.3 Static Water Balance 

 The largest contribution of inflow on site is from raw water being pumped from Spray Dam 

Dam (~541 474 m3/year). 

 Bulwer dam also receives 32 732 m3/year from boreholes. 

 Approximately 130 394 m3/year is pumped to the processing plant from the Bulwer Dam. 

 It was calculated that a total of 117 316  m3/year is pumped to the processing plant from re-

used water (Spray Dam).  

11.4 Floodline Assessment 

An exclusion zone which consists of a 1:50 year floodline and a 100 m buffer was created for river 

sections within close proximity to Magdalena Colliery. The floodline assessment revealed that some 

mine activity falls within the exclusion zone. This is prohibited by the NWA (NWA, 1998). It was 

therefore recommended that an exception to this guideline be applied for in order to ensure 

compliance with the guidelines set out by the DWS.  
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11.5 Risk identification and Mitigation 

The identified risks pertain to soil erosion, siltation, and the reduction of water quality for 

downstream water users from activities taking place within the Magdalena colliery. Recommendations 

to mitigate the identified potential risks were made. 

11.6 Hydropedology 

The hydropedological study at the Magdalena Colliery was undertaken in order to provide conceptual 

hydrological process models for the hillslopes that were delineated across the site. These models 

allow for an understanding of water flow from the crest of the hillslope into the footslope. The soil 

distribution map was used to categorize the HST, into the following categories: recharge, responsive 

(shallow) and interflow (A/B).  

Generally, the responsive shallow and recharge soils were dominant across the site. The responsive 

shallow HST includes the Mispah and Milkwood soil forms. Responsive shallow HST are characterized 

by the high production of overland flow due to their low water storage ability. The longlands soil form 

represents the recharge HST. The recharge HST contributes little to stream flow as most water 

directly recharges the groundwater.  

A limitation of the hydropedology study is that it is a simplification of the temporal variability of 

water transfer functions. Realistically, water transfer functions, such as throughflow and groundwater 

sources, may take a few months up to a number of years to recharge streams (Van Tol et al., 2013). 

However, hydropedology hillslopes have been effectively applied to simulate runoff response 

mechanisms (Van Tol et al., 2013). Further uses of hydropedological hillslopes extend to effective 

land management by assessing land use changes and water quality monitoring (Van Tol et al., 2013).  
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12 RECOMMENDATIONS 

The following recommendations have been made based on the outcomes of this hydrological 

assessment: 

 The Water Balance study was conducted with limited information; it is recommended that, 

when updated information becomes available, the water balance report be updated. This will 

add confidence to the water balance figures. 

 It is recommended that, for a more accurate Water Balance, all the water uses at the mine 

should be measured over a longer and extended period using flow meters to enable more 

accurate quantification of flows. 

 If the Spray Dam is decommissioned, a new return water dam facility must be considered as 

proposed PCDs must be kept empty. 

 It is recommended that a salt balance will be developed using surface and water quality data. 

 To minimize dirty water runoff at Magdalena it is recommended that the adits and stockpiles 

that are not in use be rehabilitated.  
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APPENDIX A: PEAK FLOW CALCULATION SHEETS 

 
River N1 
 

RATIONAL METHOD 3 
Description of catchment Catchment 1 

River detail Magdalena Rehab 1 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.208 km2 Rainfall region T5A 

Longest watercourse (L) 0.43 km Area distribution factors 

Average slope (Sav)   0.0830 m/m Rural (α) Urban (β) Lakes (γ)   

Dolomite area (D%)   0 % 1 0 0   

Mean annual rainfall(MAR) 760 mm         

Rural URBAN 

Surface slope % Factor Cs Description % Factor C2 

Vleis and pans (<3%) 0.00 0.05 0.00 Lawns   

Flat areas (3 - 10%) 50.00 0.11 5.50 Sandy,flat<2% 0 0.08 0 

Hilly (10 - 30%) 
50.00 0.20 10.00 

Sandy,steep>7% 0 0.16 0 

Steep Areas (>30%)  
0.00 0.30 0.00 

Heavy s,flat<2% 0 0.15 0 

Total 100.00 
0.66 15.50 

Heavy s,steep>7% 0 0.3 0 

Permeability % Factor Cp Residential Areas   

Very permeable 0 0.05 0.00 Houses 0 0.5 0 

Permeable 100 0.1 10.00 Flats 0 0.6 0 

Semi-permeable 0 0.2 0.00 Industry   

Impermeable 0 0.3 0.00 Light industry 0 0.6 0 

Total  100 0.65 10.00 Heavy industry 0 0.7 0 

Vegetation % Factor Cv Business   

Thick bush & plantation 0 0.05 0.00 City centre 0 0.8 0 

Light bush & farm-lands 0 0.15 0.00 Suburban 0 0.65 0 

Grasslands 60 0.25 15.00 Streets 0 0.75 0 

No vegatation 40 0.3 12.00 Max flood   1   

Total 100 0.75 27.00 Total (C2) 0   0 

Time of concentration (TC)   

Overland flow Defined watercourse   

 

  

 

 

  
 

Use Defined watercourse 

0.475 hours 0.090 hours   

Run-off coefficient 

Return Period (years)   2 5 10 20 50 100 PMF 

Run-off coefficient, C1         0.525 0.525   

Adjusted for dolomitic areas, C1D         0.525 0.525   

Adj factor for initial saturation, Ft         0.95 1   

Adjusted run - off coefficient, C1T         0.499 0.525   

Combined run - off coefficient, CT         0.499 0.525   

Rainfall 

Return Period (years)   2 5 10 20 50 100 PMF 

Point rainfall (mm), PT         87.64 97.76   

Point Intensity (mm/h), Pit         970.65 1082.73   

Area reduction factor (%),ARFT         0.870 0.870   

Average intensity (mm/hour),IT         844.464 941.976   

Return Period (years)   2 5 10 20 50 100 PMF 

Peak flow (m3/s)         24.335 28.57   
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STANDARD DESIGN FLOOD (SDF) METHOD 
Description of catchment Catchment 1 

River detail Magdalena Rehab 1 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.208 km2 Days of thunder per year (R) 9 days 

Longest watercourse (L) 0.43 km Time of concentration, t 5.417 minutes 

Average slope (Sav)   
0.083 

m/m Time of 
concentration, 

Tc 

 
  

 

  

0.0903 

SDF Basin   25     

2-year return period rainfall (M) 55 mm     

TR102 n-day rainfall data 

Weather Service Station   MAP   350 mm 

Weather Service Station no.   Coordinates Lat: -27.147957° Long:  22.856927° 

Duration 

Return Period (years) 

2 5 10 20 50 100 200 

                  

Rainfall 

Return Period (years), T   2 5 10 20 50 100 200 

Point precipitation depth (mm) 
Pt,T 

        22.2 25.6   

Area reduction factor (%),ARFT         1.099 1.099   

Average intensity (mm/hour),IT         270.2 311.3146   

Run-off coefficient 

Calibration factors 
C2 

(%) 10 C100 (%) 80   

Return Period (years), T   2 5 10 20 50 100 200 

Return period factors (YT) 0 0.84 1.28 1.64 2.05 2.33 2.58 

Run-off coefficient, CT         0.716 0.800   

Peak flow (m3/s)         11.18 14.39   
 
 
 
 
 

MIDGLEY & PITMAN (MIPI) METHOD 

River Detail 
Catchment 
Area MAP S L Lc Constant KT 

Catchment 
Parameter Peak Flows 

  (km2) (mm) m/m km km 
1: 50 
year 

1: 100 
year (Dimensionless) 

1: 50 
year 

1: 100 
year 

Catchment 1 0.208 760 0.0830 0.43 0.5 1.11 1.4 0.2787 9.60 12.11 
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River N2 
 

RATIONAL METHOD 3 
Description of catchment Catchment 2 

River detail Magdalena Rehab 2 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.237 km2 Rainfall region T5A 

Longest watercourse (L) 0.34 km Area distribution factors 

Average slope (Sav)   0.0087 m/m Rural (α) Urban (β) Lakes (γ)   

Dolomite area (D%)   0 % 1 0 0   

Mean annual rainfall(MAR) 760 mm         

Rural URBAN 

Surface slope % Factor Cs Description % Factor C2 

Vleis and pans (<3%) 0.00 0.05 0.00 Lawns   

Flat areas (3 - 10%) 80.00 0.11 8.80 Sandy,flat<2% 0 0.08 0 

Hilly (10 - 30%) 
20.00 0.20 4.00 

Sandy,steep>7% 0 0.16 0 

Steep Areas (>30%)  
0.00 0.30 0.00 

Heavy s,flat<2% 0 0.15 0 

Total 100.00 
0.66 12.80 

Heavy s,steep>7% 0 0.3 0 

Permeability % Factor Cp Residential Areas   

Very permeable 20 0.05 1.00 Houses 0 0.5 0 

Permeable 80 0.1 8.00 Flats 0 0.6 0 

Semi-permeable 0 0.2 0.00 Industry   

Impermeable 0 0.3 0.00 Light industry 0 0.6 0 

Total  100 0.65 9.00 Heavy industry 0 0.7 0 

Vegetation % Factor Cv Business   

Thick bush & plantation 0 0.05 0.00 City centre 0 0.8 0 

Light bush & farm-lands 0 0.15 0.00 Suburban 0 0.65 0 

Grasslands 85 0.25 21.25 Streets 0 0.75 0 

No vegatation 15 0.3 4.50 Max flood   1   

Total 100 0.75 25.75 Total (C2) 0   0 

Time of concentration (TC)   

Overland flow Defined watercourse   

 

  

 

 

  
 

Use Defined watercourse 

0.720 hours 0.180 hours   

Run-off coefficient 

Return Period (years)   2 5 10 20 50 100 PMF 

Run-off coefficient, C1         0.476 0.476   

Adjusted for dolomitic areas, C1D         0.476 0.476   

Adj factor for initial saturation, Ft         0.95 1   

Adjusted run - off coefficient, C1T         0.452 0.476   

Combined run - off coefficient, CT         0.452 0.476   

Rainfall 

Return Period (years)   2 5 10 20 50 100 PMF 

Point rainfall (mm), PT         87.64 97.76   

Point Intensity (mm/h), Pit         488.05 544.41   

Area reduction factor (%),ARFT         0.870 0.870   

Average intensity (mm/hour),IT         424.603 473.633   

Return Period (years)   2 5 10 20 50 100 PMF 

Peak flow (m3/s)         12.627 14.83   
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STANDARD DESIGN FLOOD (SDF) METHOD 
Description of catchment Catchment 2 

River detail Magdalena Rehab 2 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.237 km2 Days of thunder per year (R) 9 days 

Longest watercourse (L) 0.34 km Time of concentration, t 10.774 minutes 

Average slope (Sav)   
0.009 

m/m Time of 
concentration, 

Tc 

 

  
 

  

0.1796 

SDF Basin   26     

2-year return period rainfall (M) 55 mm     

TR102 n-day rainfall data 

Weather Service Station Try Again MAP   760 mm 

Weather Service Station no. 0371150_W Coordinates Lat: -27.147957° Long:  22.856927° 

Duration 

Return Period (years) 

2 5 10 20 50 100 200 

                  

Rainfall 

Return Period (years), T   2 5 10 20 50 100 200 

Point precipitation depth (mm) 
Pt,T 

        34.1 39.3   

Area reduction factor (%),ARFT         1.117 1.117   

Average intensity (mm/hour),IT         212.0 244.2834   

Run-off coefficient 

Calibration factors 
C2 

(%) 10 C100 (%) 80   

Return Period (years), T   2 5 10 20 50 100 200 

Return period factors (YT) 0 0.84 1.28 1.64 2.05 2.33 2.58 

Run-off coefficient, CT         0.716 0.800   

Peak flow (m3/s)         9.99 12.87   
 
 
 
 
 

MIDGLEY & PITMAN (MIPI) METHOD 
River 
Detail 

Catchment 
Area MAP S L Lc Constant KT 

Catchment 
Parameter Peak Flows 

  (km2) (mm) m/m km km 
1: 50 
year 

1: 100 
year (Dimensionless) 

1: 50 
year 

1: 100 
year 

Catchment 
1 0.237 760 0.0087 0.34 0.5 1.11 1.4 0.1300 8.92 11.24 
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River N3 
 

RATIONAL METHOD 3 
Description of catchment Catchment 3 

River detail Magdalena Rehab 3 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.117 km2 Rainfall region T5A 

Longest watercourse (L) 0.34 km Area distribution factors 

Average slope (Sav)   0.1140 m/m Rural (α) Urban (β) Lakes (γ)   

Dolomite area (D%)   0 % 1 0 0   

Mean annual rainfall(MAR) 760 mm         

Rural URBAN 

Surface slope % Factor Cs Description % Factor C2 

Vleis and pans (<3%) 0.00 0.05 0.00 Lawns   

Flat areas (3 - 10%) 80.00 0.11 8.80 Sandy,flat<2% 0 0.08 0 

Hilly (10 - 30%) 
20.00 0.20 4.00 

Sandy,steep>7% 0 0.16 0 

Steep Areas (>30%)  
0.00 0.30 0.00 

Heavy s,flat<2% 0 0.15 0 

Total 100.00 
0.66 12.80 

Heavy s,steep>7% 0 0.3 0 

Permeability % Factor Cp Residential Areas   

Very permeable 20 0.05 1.00 Houses 0 0.5 0 

Permeable 80 0.1 8.00 Flats 0 0.6 0 

Semi-permeable 0 0.2 0.00 Industry   

Impermeable 0 0.3 0.00 Light industry 0 0.6 0 

Total  100 0.65 9.00 Heavy industry 0 0.7 0 

Vegetation % Factor Cv Business   

Thick bush & plantation 0 0.05 0.00 City centre 0 0.8 0 

Light bush & farm-lands 0 0.15 0.00 Suburban 0 0.65 0 

Grasslands 85 0.25 21.25 Streets 0 0.75 0 

No vegatation 15 0.3 4.50 Max flood   1   

Total 100 0.75 25.75 Total (C2) 0   0 

Time of concentration (TC)   

Overland flow Defined watercourse   

 

  

 

 

  
 

Use Defined watercourse 

0.395 hours 0.067 hours   

Run-off coefficient 

Return Period (years)   2 5 10 20 50 100 PMF 

Run-off coefficient, C1         0.476 0.476   

Adjusted for dolomitic areas, C1D         0.476 0.476   

Adj factor for initial saturation, Ft         0.95 1   

Adjusted run - off coefficient, C1T         0.452 0.476   

Combined run - off coefficient, CT         0.452 0.476   

Rainfall 

Return Period (years)   2 5 10 20 50 100 PMF 

Point rainfall (mm), PT         87.64 97.76   

Point Intensity (mm/h), Pit         1314.19 1465.94   

Area reduction factor (%),ARFT         0.870 0.870   

Average intensity (mm/hour),IT         1143.342 1275.367   

Return Period (years)   2 5 10 20 50 100 PMF 

Peak flow (m3/s)         16.785 19.71   
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STANDARD DESIGN FLOOD (SDF) METHOD 
Description of catchment Catchment 3 

River detail Magdalena Rehab 3 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.117 km2 Days of thunder per year (R) 9 days 

Longest watercourse (L) 0.34 km Time of concentration, t 4.001 minutes 

Average slope (Sav)   
0.114 

m/m Time of 
concentration, 

Tc 

 

  
 

  

0.0667 

SDF Basin   26     

2-year return period rainfall (M) 55 mm     

TR102 n-day rainfall data 

Weather Service Station   MAP   760 mm 

Weather Service Station no.   Coordinates Lat: -27.147957° Long:  22.856927° 

Duration 

Return Period (years) 

2 5 10 20 50 100 200 

                  

Rainfall 

Return Period (years), T   2 5 10 20 50 100 200 

Point precipitation depth (mm) 
Pt,T 

        16.9 19.5   

Area reduction factor (%),ARFT         1.114 1.114   

Average intensity (mm/hour),IT         283.2 326.3014   

Run-off coefficient 

Calibration factors 
C2 

(%) 10 C100 (%) 80   

Return Period (years), T   2 5 10 20 50 100 200 

Return period factors (YT) 0 0.84 1.28 1.64 2.05 2.33 2.58 

Run-off coefficient, CT         0.716 0.800   

Peak flow (m3/s)         6.59 8.48   
 
 
 
 
 

MIDGLEY & PITMAN (MIPI) METHOD 
River 
Detail 

Catchment 
Area MAP S L Lc Constant KT 

Catchment 
Parameter Peak Flows 

  (km2) (mm) m/m km km 
1: 50 
year 

1: 100 
year (Dimensionless) 

1: 50 
year 

1: 100 
year 

Catchment 
1 0.117 760 0.1140 0.34 0.5 1.11 1.4 0.2324 6.56 8.27 
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River N4 
 

RATIONAL METHOD 3 
Description of catchment Catchment 4 

River detail Magdalena 4 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 1.33 km2 Rainfall region T5A 

Longest watercourse (L) 0.93 km Area distribution factors 

Average slope (Sav)   0.0830 m/m Rural (α) Urban (β) Lakes (γ)   

Dolomite area (D%)   0 % 1 0 0   

Mean annual rainfall(MAR) 760 mm         

Rural URBAN 

Surface slope % Factor Cs Description % Factor C2 

Vleis and pans (<3%) 0.00 0.05 0.00 Lawns   

Flat areas (3 - 10%) 95.00 0.11 10.45 Sandy,flat<2% 0 0.08 0 

Hilly (10 - 30%) 
5.00 0.20 1.00 

Sandy,steep>7% 0 0.16 0 

Steep Areas (>30%)  
0.00 0.30 0.00 

Heavy s,flat<2% 0 0.15 0 

Total 100.00 
0.66 11.45 

Heavy s,steep>7% 0 0.3 0 

Permeability % Factor Cp Residential Areas   

Very permeable 20 0.05 1.00 Houses 0 0.5 0 

Permeable 80 0.1 8.00 Flats 0 0.6 0 

Semi-permeable 0 0.2 0.00 Industry   

Impermeable 0 0.3 0.00 Light industry 0 0.6 0 

Total  100 0.65 9.00 Heavy industry 0 0.7 0 

Vegetation % Factor Cv Business   

Thick bush & plantation 0 0.05 0.00 City centre 0 0.8 0 

Light bush & farm-lands 0 0.15 0.00 Suburban 0 0.65 0 

Grasslands 99 0.25 24.75 Streets 0 0.75 0 

No vegatation 1 0.3 0.30 Max flood   1   

Total 100 0.75 25.05 Total (C2) 0   0 

Time of concentration (TC)   

Overland flow Defined watercourse   

 

  

 

 

  
 

Use Defined watercourse 

0.681 hours 0.164 hours   

Run-off coefficient 

Return Period (years)   2 5 10 20 50 100 PMF 

Run-off coefficient, C1         0.455 0.455   

Adjusted for dolomitic areas, C1D         0.455 0.455   

Adj factor for initial saturation, Ft         0.95 1   

Adjusted run - off coefficient, C1T         0.432 0.455   

Combined run - off coefficient, CT         0.432 0.455   

Rainfall 

Return Period (years)   2 5 10 20 50 100 PMF 

Point rainfall (mm), PT         87.64 97.76   

Point Intensity (mm/h), Pit         535.92 597.80   

Area reduction factor (%),ARFT         0.870 0.870   

Average intensity (mm/hour),IT         466.251 520.090   

Return Period (years)   2 5 10 20 50 100 PMF 

Peak flow (m3/s)         74.457 87.43   
 
 



Buffalo Coal (Pty) Ltd Hydrological Assessment for Magdalena Colliery 

18-0564 13 November 2018  Page 55 

STANDARD DESIGN FLOOD (SDF) METHOD 
Description of catchment Catchment 4 

River detail Magdalena 4 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 1.33 km2 Days of thunder per year (R) 9 days 

Longest watercourse (L) 0.93 km Time of concentration, t 9.812 minutes 

Average slope (Sav)   
0.083 

m/m Time of 
concentration, 

Tc 

 

  
 

  

0.1635 

SDF Basin   26     

2-year return period rainfall (M) 55 mm     

TR102 n-day rainfall data 

Weather Service Station   MAP   760 mm 

Weather Service Station no.   Coordinates Lat: -27.147957° Long:  22.856927° 

Duration 

Return Period (years) 

2 5 10 20 50 100 200 

                  

Rainfall 

Return Period (years), T   2 5 10 20 50 100 200 

Point precipitation depth (mm) 
Pt,T 

        32.5 37.4   

Area reduction factor (%),ARFT         1.034 1.034   

Average intensity (mm/hour),IT         205.4 236.6364   

Run-off coefficient 

Calibration factors 
C2 

(%) 10 C100 (%) 80   

Return Period (years), T   2 5 10 20 50 100 200 

Return period factors (YT) 0 0.84 1.28 1.64 2.05 2.33 2.58 

Run-off coefficient, CT         0.716 0.800   

Peak flow (m3/s)         54.32 69.94   
 
 
 
 
 

MIDGLEY & PITMAN (MIPI) METHOD 
River 
Detail 

Catchment 
Area MAP S L Lc Constant KT 

Catchment 
Parameter Peak Flows 

  (km2) (mm) m/m km km 
1: 50 
year 

1: 100 
year (Dimensionless) 

1: 50 
year 

1: 100 
year 

Catchment 
1 1.33 760 0.0830 0.93 0.75 1.11 1.4 0.5493 33.48 42.22 
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River N5 
 

RATIONAL METHOD 3 
Description of catchment Catchment 5 

River detail Magdalena 5 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.77 km2 Rainfall region T5A 

Longest watercourse (L) 0.835 km Area distribution factors 

Average slope (Sav)   0.0690 m/m Rural (α) Urban (β) Lakes (γ)   

Dolomite area (D%)   0 % 1 0 0   

Mean annual rainfall(MAR) 760 mm         

Rural URBAN 

Surface slope % Factor Cs Description % Factor C2 

Vleis and pans (<3%) 0.00 0.05 0.00 Lawns   

Flat areas (3 - 10%) 89.00 0.11 9.79 Sandy,flat<2% 0 0.08 0 

Hilly (10 - 30%) 
11.00 0.20 2.20 

Sandy,steep>7% 0 0.16 0 

Steep Areas (>30%)  
0.00 0.30 0.00 

Heavy s,flat<2% 0 0.15 0 

Total 100.00 
0.66 11.99 

Heavy s,steep>7% 0 0.3 0 

Permeability % Factor Cp Residential Areas   

Very permeable 20 0.05 1.00 Houses 0 0.5 0 

Permeable 80 0.1 8.00 Flats 0 0.6 0 

Semi-permeable 0 0.2 0.00 Industry   

Impermeable 0 0.3 0.00 Light industry 0 0.6 0 

Total  100 0.65 9.00 Heavy industry 0 0.7 0 

Vegetation % Factor Cv Business   

Thick bush & plantation 0 0.05 0.00 City centre 0 0.8 0 

Light bush & farm-lands 0 0.15 0.00 Suburban 0 0.65 0 

Grasslands 85 0.25 21.25 Streets 0 0.75 0 

No vegatation 15 0.3 4.50 Max flood   1   

Total 100 0.75 25.75 Total (C2) 0   0 

Time of concentration (TC)   

Overland flow Defined watercourse   

 

  

 

 

  
 

Use Defined watercourse 

0.676 hours 0.162 hours   

Run-off coefficient 

Return Period (years)   2 5 10 20 50 100 PMF 

Run-off coefficient, C1         0.467 0.467   

Adjusted for dolomitic areas, C1D         0.467 0.467   

Adj factor for initial saturation, Ft         0.95 1   

Adjusted run - off coefficient, C1T         0.444 0.467   

Combined run - off coefficient, CT         0.444 0.467   

Rainfall 

Return Period (years)   2 5 10 20 50 100 PMF 

Point rainfall (mm), PT         87.64 97.76   

Point Intensity (mm/h), Pit         542.31 604.93   

Area reduction factor (%),ARFT         0.870 0.870   

Average intensity (mm/hour),IT         471.808 526.288   

Return Period (years)   2 5 10 20 50 100 PMF 

Peak flow (m3/s)         44.809 52.61   
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STANDARD DESIGN FLOOD (SDF) METHOD 
Description of catchment Catchment 5 

River detail Magdalena 5 

Calculated by Haden Jacobs Date 2018/10/03 

Physical characteristics 

Size of catchment (A) 0.77 km2 Days of thunder per year (R) 9 days 

Longest watercourse (L) 0.835 km Time of concentration, t 9.696 minutes 

Average slope (Sav)   
0.069 

m/m Time of 
concentration, 

Tc 

 

  
 

  

0.1616 

SDF Basin   26     

2-year return period rainfall (M) 55 mm     

TR102 n-day rainfall data 

Weather Service Station   MAP   760 mm 

Weather Service Station no.   Coordinates Lat: -27.147957° Long:  22.856927° 

Duration 

Return Period (years) 

2 5 10 20 50 100 200 

                  

Rainfall 

Return Period (years), T   2 5 10 20 50 100 200 

Point precipitation depth (mm) 
Pt,T 

        32.3 37.2   

Area reduction factor (%),ARFT         1.060 1.060   

Average intensity (mm/hour),IT         211.6 243.8521   

Run-off coefficient 

Calibration factors 
C2 

(%) 10 C100 (%) 80   

Return Period (years), T   2 5 10 20 50 100 200 

Return period factors (YT) 0 0.84 1.28 1.64 2.05 2.33 2.58 

Run-off coefficient, CT         0.716 0.800   

Peak flow (m3/s)         32.40 41.73   
 
 
 
 
 

MIDGLEY & PITMAN (MIPI) METHOD 

River Detail 
Catchment 
Area MAP S L Lc Constant KT 

Catchment 
Parameter Peak Flows 

  (km2) (mm) m/m km km 
1: 50 
year 

1: 100 
year (Dimensionless) 

1: 50 
year 

1: 100 
year 

Catchment 1 1.33 760 0.0690 0.835 0.65 1.11 1.4 0.6437 34.56 43.58 
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APPENDIX B: FLOW RATES 

 

Magdalena Monthly Water Usage

01/03/2016 01/04/2016 01/05/2016 30/06/2016 July August Sept October Nov Dec

sites

Bore-hole to Bulwer 27941 18312 11479 28359

Bulwer to Spray Dam  6626 6036 12537 25646

Spray to Plant 73466 56887 54465 67110

Plant To Dam 2 6584 5555 3326 6366

Slurry to Spray (right) 24859 18829 14394 15514

Slurry to Spray (Left) 16284 12638 10566 8307

Bulwer to Plant  50432 34748 51098 80257

Plant To Slurry 92626 74128 72323 73146

Shaft to STA 6992 7034 7051 8912

Frank Shaft to Spray 0 0 0 0

STA 1 Undergrand 3524 3347 2575 3081

STA 2 Undergrand 2670 2955 3366 5408

Dam 2 to Shaft 7357 11146 7554 8489

Number of Days 20 20 21 22

Total Monthly Usage 319361 251615 250734 330595

Daily Usage 15968.05 12580.75 11939.71429 15027.04545
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APPENDIX C: PCD DESIGN FOR DAM 2 PCD 
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APPENDIX D; PCD 1 DESIGN 
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EXECUTIVE SUMMARY 

 

GCS (Pty) Ltd was appointed by Zinoju Coal (Pty) Ltd, trading as Buffalo Coal (Pty) Ltd, to 

undertake the Water Use Licensing (WULA) and Section 24G processes and to update the 

hydrogeological study for the Magdalena Colliery, situated near Dundee, Kwa-Zulu Natal 

Province. This report encompasses the 2018 hydrogeological assessment, numerical flow and 

transport model update for the Magdalena Colliery.  

 

Project background 

The Magdalena Colliery is located 22 km from the town of Dundee in KwaZulu-Natal, South 

Africa and encompasses approximately 1,844 hectares. The Magdalena underground mine had 

an estimated measured and indicated mineable coal resource of 50.29 million tonnes (t) of 

in situ coal with an estimated volume of 33.52 million cubic meters (m³) and production 

capacity of 100,000 t of saleable bituminous coal per month. However, recently the mine has 

opted to likely cease all mining activities (at the end of 2018) due to unforeseen financial 

and mining difficulties. A Care and Maintenance Plan has been compiled by GCS and will be 

implemented over the next 7 years, and mine closure is expected nearing the year 2030. 

In the past several years (2013 to 2017) the mine has expanded towards the north to access 

the untapped coal reserve in the area. As part of the expansion the following activities have 

occurred at the mine: 

 Construction and operation of Thembelisha Shaft and ancillaries; 

 Stockpiling of overburden in and adjacent to drainage lines; 

 Extension of the underground workings; 

 Expansion and rehabilitation of opencast sections; and 

 Construction of ventilation pit. 

The mining proceeded without the required Water Use Licence (WUL) in terms of the National 

Water Act, 1998 (Act No. 36 of 1998) (NWA) and hence the existing groundwater studies and 

models conducted for the mine needed to be updated to support a Water Use License 

Application (WULA). The updated information will also be used to supplement the section 

24G application in terms of the National Environmental Management Act, 108 (Act No. 107 of 

1998) (NEMA) and describes the existing mining infrastructure impacts as well as the potential 

future mining-related impacts. Therefore, the aim of this study was to update previous and 

outdated geohydrological information, to include new information and to combine everything 

into one updated and comprehensive geohydrological report. 
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Study approach 

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

hydrogeological conceptual model for the Magdalena Colliery. 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. 

 

Local aquifer characteristics 

The following summarises the hydrogeological, geological, hydrochemical and geological data 

for the project area: 

 The Magdalena Colliery is underlain by sediments of the Vryheid Formation (Karoo 

Sequence) as well as an intrusive dolerite sill. 

o Available mine plan data indicates that several dolerite dyke structures were 

intercepted during the extension of the underground workings. 

 The primary aquifer zones directly underlying the site were identified as follows: 

o Perched weathered aquifer zone (semi-confined); and 

o Confined fractured aquifer zone. 

 Based on a field level and desktop level hydrocensus, a combined total of sixty-six 

(66) registered groundwater users were identified within a 5km radius of the site. 

 The groundwater level for the area ranges from 1 to 64 metres below ground 

level (mbgl).  
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 Available borehole water level data suggest a good correlation (≈ 89 %) between 

surface and groundwater elevations. This indicates that the groundwater table is 

prone to mimic the surface topography. 

 Available data suggest that groundwater is typically encountered within: 

o Dolerite dyke and sill contacts with host rock; 

o Contacts zones between lithologies or unconformities; and 

o Faults and associated fracture zones.  

 No blow yield data are available for boreholes drilled at Magdalena. However, the 

aquifer is considered a low to moderate yielding aquifer and has a reported yield in 

the order of 0.5 l/s to 2 l/s (King et al., 1998). 

 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 conductivity for the aquifer range from 0.001 to 0.005 

m/d. The data suggest very slow groundwater movement through the area. 

 Groundwater recharge, calculated using the chloride (Cl) method, gives rainfall 

recharge figures varying between as high as 7.5 % and as low as 4.8 %. Using 4.8 %, 

the groundwater recharge is estimated to be in the order of 42.5 mm/yr. 

 

Hydrochemistry: 

Based on available data for the area, the hydrochemistry for the area is summarised as 

follows: 

 Catchment groundwater quality: 

o The groundwater generally exhibits neutral pH conditions. 

o Electrical conductivity (EC), total dissolved solids (TDS), Calcium (Ca), 

sodium (Na) and iron (Fe) plots above DWAF (1996) ideal water quality ranges 

for domestic use.  

o Sulphate (SO4) and 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 domestic use. 

 Local groundwater quality: 

o The groundwater boreholes situated on site; and downstream of the various 

processing plants, stockpiles, slurry pond, underground workings and 

opencast workings generally exhibit neutral pH conditions.  
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o A marked increase in dissolved ions (Ca, Mg, Na, SO4, Fe and Mn) is noted for 

boreholes situated at the site, when compared to the ambient boreholes. 

 Local surface water quality: 

o All surface water sites exhibit neutral pH conditions. 

o All surface water sites, except site NGA and GAT, exhibit high EC and TDS 

above DWAF (1996) ideal water quality ranges. 

o SO4 is high (> 200 mg/l) with regards to DWAF (1996) ideal water quality 

ranges at all surface water sites, except at GAT. 

o Dissolved metal concentrations are below laboratory detection ranges, 

except at SPRING. SPRING is a decant point from the old Ngisana underground 

workings. 

o From available surface water monitoring data (2001 to 2018), the Magdalena 

Colliery has had an impact on streams situated close to the beneficiation and 

coal waste disposal areas.  

 Available data suggest that surface water quality improves further 

away from the site. 

 According to DWAF (1996a &1996b) there are no risk associated with 

using stream water for livestock or irrigation purposes. However, the 

water may have some aesthetic effects for domestic use. 

 

Geochemistry 

The following summarises the key geochemical test work findings (2011 to 2018): 

 Shale, coal, coal discard and coal slurry are generally PAG (Potentially Acid 

Generating). 

 Sandstone (adit areas and rehabilitated opencast pits) is generally non-PAG (Not 

Potentially Acid Generating). 

 NAG results confirm that shale, coal and coal waste products are PAG. Sandstone 

overburden is generally non-PAG. 

 Shale, coal, coal discard and coal slurry are highly likely to cause long-term AD (Acid 

Drainage). Sandstone shows no long-term AD potential.  

 The coal and shale waste rock pose the greatest risk to groundwater quality as both 

these rock types have a high AD potential.  
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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.  

 

Existing and Potential Pollution Sources 

The identified groundwater pollution sources are listed in the table below. 

Operational / Decommissioning Closure 

 The old Ngisana workings; 

 The rehabilitated and un-rehabilitated opencast 

workings; 

 The overburden dumps surrounding the adits 

(Box, Frank shaft, STA and Thembelisha); 

 Discard dump; 

 Slurry pond; 

 Pollution control dams (PCDs); 

 Ventilation pit; 

 The underground workings; 

 Beneficiation and coal stockpile areas; and 

 Workshops. 

 Rehabilitated shafts / adits; 

 Rehabilitated opencast areas; 

 Rehabilitated waste rock and overburden rock 

dumps; 

 Rehabilitated slurry pit and discard dump; and 

 Flooded mine workings. 

 
 

Aquifer dewatering 

The Magdalena Colliery can be described as a dry mine, for no active groundwater dewatering 

takes place. Magdalena pumps surface water underground to mine the coal in the area.  

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 

(refer to Section 6).  

The data indicates that there is no drawdown in the surrounding groundwater aquifer. Hence, 

a groundwater dewatering and water level rebound model was not carried out as part of this 

model update. 
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Mine flooding 

It is estimated that it will take approximately 12 to 24 years for the mine to completely flood 

after mine closure. The inflow rate is estimated at 1192 m³/day for recharge and 1239 

m³/day for groundwater recharge and inflow of 0.5 l/sec along contact / dolerite dyke 

contacts with the underground workings. 

 

Mine decant 

The old Ngisana underground workings are decanting at a topographical low area, referred 

to as sample point SPRING. However, decant is highly unlikely to occur from the Magdalena 

underground workings for the following reasons: 

 The underground workings and access adits (box cuts) are well below the regional 

groundwater table (refer to Figure 6-3 and Figure 6-4); and 

 The coal seam dips down into the mountain and not up-into the mountain. Hence, 

the underground workings which extend into the mountain area do not occur above 

the lowest access elevation (in other word no positive pressure heads are 

anticipated). 

 

Moreover, it is anticipated that the old Ngisana workings are isolated from the Magdalena 

workings. Hence, mine interflow or preferred groundwater flow though the workings to the 

Ngisana decant area is unlikely. 

 

Numerical model update 

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 7. 

 

Calibrated flow and transport model outputs 

From the calibrated models, the following is noted: 

 Groundwater flow towards the non-perennial streams in the area is observed. 

 The flow model indicates flow velocities ranging from 0.001 to 0.05 m/day. Hence, 

groundwater flow though the aquifer is slow. 

 The sulphate plume ZOI (Zone of Influence) is localised to the discard and slurry 

disposal facilities, and concentration gradients tend to increase close to coal and 

waste rock sources and gradually decreases further away. 
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Prediction transport model outputs 

From the prediction models, the following is noted: 

 Based on the current mine plan and maintenance plan, the ZOI at mine closure will 

remain mostly unchanged, compared to the 2018 calibration.  

o It is anticipated that the underground workings will only start to contribute 

to the mass transport once they are partially or fully flooded.  

o Based on the flooding assessment, this will most likely take place nearing the 

year 2030 – based on recharge calculations. 

 The 50Y and 100Y plumes indicate that the ZOI will gradually extend from the flooded 

underground workings, discard dump, slurry pond and opencast areas but remain 

localised in the Magdalena mine works area. 

 

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 models are assigned a Class 2 confidence level due to 

the numerous groundwater heads and transport concentration 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). 

 

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 groundwater level data.  

 Groundwater level data for 31 observation points within Magdalena Colliery area were 

successfully applied.  

 Sulphate concentration data for more than 19 observation points within Magdalena 

Colliery area were successfully applied to the mass transport model. 
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 A calibration with a correlation between 0.94 to 0.97 (7 to 10 % - RMS) was achieved 

for the flow and transport 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). 

 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 ZOI of the Magdalena Colliery was successfully 

simulated and is presented in further detail in this report. 

 

Groundwater risk and management 

As part of the geohydrological update, the likely groundwater-related risks at the Magdalena 

Colliery 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 E. 

Available geochemical and hydrochemistry data suggest that Acid Mine Drainage (AMD) is 

highly likely to be associated with the exposed rock in the underground and opencast 

workings. Even though decant from the Magdalena underground workings is highly unlikely, 

an AMD management and mitigation plan as well as preliminary water treatment options is 

presented in Chapter 9. 

 

Recommendations 

 Continue with groundwater quality and groundwater level monitoring for a period of 

at least two to four years after the decommission phase to establish post-closure 

groundwater level and quality trends. 

o The monitoring information must be used to update, verify and recalibrate 

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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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. 
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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) 

DEM Digital Elevation Model 

DUN Dundas coal seam 

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 The 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 

m metres 

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 

NGDB National Groundwater Database 

NO3 Nitrate (mg/l) 

Non-PAG Non-Potentially Acid Generation 

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 

SANS South African National Standards 

Sb Antimony (mg/l) 

SD Saline Drainage 

SD Saline Drainage 

SMD Saline Mine Drainage 

SO4 Sulphate (mg/l) 

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) 

W Groundwater Flux 

WQ Water Quality 

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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DISCLAIMER 

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

Water and Environment (Pty) Ltd (GCS) by Zinoju Coal (Pty) Ltd, historical specialist studies 

undertaken by GCS and other consulting service providers, data extracted from the National 

Groundwater Archive (NGA) and DWAF databases. The opinions in this Report are provided in 

response to a specific request from Zinoju 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 Zinoju Coal (Pty) Ltd, trading as Buffalo Coal (Pty) Ltd, to 

undertake the Water Use Licensing (WULA) and Section 24G processes and to update the 

hydrogeological study for the Magdalena Colliery, situated near Dundee, Kwa-Zulu Natal 

Province. This report encompasses the 2018 hydrogeological assessment, numerical flow and 

transport model update for the Magdalena Colliery.  

 

1.1 Project Background 

The Magdalena Colliery is located 22 km from the town of Dundee in KwaZulu-Natal, South 

Africa and encompasses approximately 1,844 hectares. The Magdalena underground mine had 

an estimated measured and indicated mineable coal resource of 50.29 million tonnes (t) of in 

situ coal with an estimated volume of 33.52 million cubic meters (m³) and production capacity 

of 100,000 t of saleable bituminous coal per month. However, recently the mine has opted to 

likely cease all mining activities (at the end of 2018) due to unforeseen financial and mining 

difficulties. A Care and Maintenance Plan has been compiled by GCS and will be implemented 

over the next 7 years, and mine closure is expected nearing the year 2030. 

In the past several years (2013 to 2017) the mine expanded towards the north to access the 

untapped coal reserve in the area. As part of the expansion the following activities have 

occurred at the mine: 

 Construction and operation of Thembelisha Shaft and ancillaries; 

 Stockpiling of overburden in and adjacent to drainage lines; 

 Extension of the underground workings; 

 Expansion and rehabilitation of opencast sections; and 

 Construction of ventilation pit. 

These activities have proceeded without the required Water Use Licence (WUL) and 

Environmental Impact Assessment (EIA) processes and hence the existing groundwater studies 

and models conducted for the mine needed to be updated to support a Section 24G application 

in terms of the National Environmental Management Act, 1998 (Act No. 107 of 1998) and the 

Water Use Licensing Application (WULA) process in terms of the National Water Act, 1998 (Act 

No. 36 of 1998).  

The updated groundwater studies describe both the existing mining infrastructure impacts as 

well as the potential future mining-related impacts. Therefore, the aim of this study was to 

update previous and outdated geohydrological information, include new information and 

combine all data into one updated and comprehensive report. 
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1.2 Objectives 

The objective of the study was to: 

 Update existing hydrogeology, hydrochemistry and geochemical information for the 

Magdalena Colliery. 

 Update the site conceptual hydrogeological and geological model. 

 Update the geohydrological numerical flow and transport model. 

 Verify and update previously identified groundwater-related risks for the operational 

and closure phase of the Magdalena Colliery. 

 Assess potential treatment options to process accumulated water in the underground 

workings at the Magdalena Colliery. 

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

for decision-making purposes.  

 

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 scope of work completed was as follows: 

1. Desktop study and Data Review: 

a. All available groundwater monitoring data, geochemical studies, groundwater 

studies, geophysical studies and geotechnical studies relating to the site were 

reviewed.  
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b. A desktop level hydrocensus was completed for the study area. The latest 

National Groundwater Archive (NGA, 2018) and groundwater resource 

information project (GRIP, 2016) data was assessed. 

c. Data was extracted from the reports to establish groundwater quality and 

quantity conditions. Subsequently, data was assimilated for numerical 

application. 

2. Field Sampling: 

a. Four (4) rock samples (dry coal slurry, sandstone waste rock, coal discard and 

shale waste rock) were collected from Magdalena Colliery to update the 

source term(s).  

i. GCS has previously investigated the overburden, wet slurry and fresh 

discard material (in 2011 and 2013) as well as coal floor, roof and 

pillar (2016) and this data is also included in this investigation.  

3. Hydrogeological and Geological Conceptual Model Update: 

a. A hydrogeological and geological site conceptual model was updated based on 

the data extracted from the reviewed reports. 

4. 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. This helped to identify potential impacts in terms of:  

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 underground workings and other surface 

sources (such as the slurry ponds, overburden dumps and discard 

dumps). 

c. The following model scenarios were simulated: 

i. Simulate the temporal and spatial extent of the pollution plume for 

the: 

1. Operational phase (current setting); 

2. Closure phase; and 

3. 50Y and 100Y plumes. 
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5. Reporting: 

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

b. Impact 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 Magdalena Colliery Groundwater Monitoring Network Expansion Report (GCS, 

2012). 

o Hydrogeological Assessment - Slurry Assessment for the Magdalena Colliery 

(GCS, 2012b). 

o Slater Coal Groundwater Impact Assessment - Slurry and Discard Disposal 

(GCS, 2010). 

o Updated Groundwater Assessment for the Proposed Magdalena Opencast 

Extension (GCS, 2013). 

o Water Ingress into the Magdalena Underground Workings (GCS, 2014). 

o Magdalena Colliery quarterly surface and groundwater monitoring reports 

(2001-2018). 

 GRIP (Groundwater Resource Information Project, 2016) borehole data; 

 NGA (National Groundwater Database Archives, 2018) borehole data; 

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

 2730 Vryheid – 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 Magdalena Colliery. 

 

2.1 Regional setting, topography and climate 

The Magdalena Colliery is located approximately 22 km north of Dundee in the KwaZulu-Natal 

Province (refer to Figure 2-2). The site falls within the Dannhauser Local Municipality within 

the Amajuba District Municipality. 

The site topography is characterised by moderate to steep slopes, with much of the mining 

infrastructure situated along the northern and eastern foot of a mountainous area. Elevations 

typically range from 1 200 to 1 380 meters above mean sea level (mamsl). 

The Colliery falls within the upper catchments of the Poonaspruit and Bloubankspruit, which 

are non-perennial tributaries of the Buffalo River. All streams occurring within the vicinity of 

the Magdalena Colliery area are seasonal, thus very little to no flow occurs during dry seasons.  

The site is situated within the Thukela Water Management Area (WMA) and falls partially 

within quaternary catchment V32D and V32E (DWAF, 2006). The site is situated in a sub-

tropical climate area which receives rainfall in summer months. The mean annual 

precipitation (MAP) is in the range 740 to 780 mm / annum and the mean annual evaporation 

(MAE) is in the range 1 300 to 1 500 mm / annum (S-Pan) for the catchment (WR2012, 2012). 

 

2.2 Geological setting 

The regional geological map (2730 Vryheid - 1:250 000 Geological map series) indicates that 

the study area is underlain by sediments of the Vryheid Formation as well as an intrusive 

dolerite sill (refer to Figure 2-2). 

 
2.2.1 Local stratigraphy and coal seams 

From the drilling of boreholes MAG-GCS1 to MAG-GCS5 near the Frank Shaft, STA adit, slurry 

pond, discard dump, and rehabilitated opencast areas the local geology can be inferred (Refer 

ro Appendix A). Lithology typically comprises mudstone, sandstone, shale and occurrences of 

coal.  

Drilling in the area shows evidence of the presence of 3 coal seams namely, the leader, top 

and bottom seam. The leader seam occurs approximately 13 m – 18.5 m above the top seam, 

and the bottom seam occurs approximately 6 – 21 m below the top seam.  
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The parting between the top and bottom seam decreases in a northerly to north-westerly 

direction. Both the top and bottom seam are not uniform but contain one or more partings of 

shale or sandstone.  

The top seam has a seam thickness of 1.32 m to 4.38 m (average seam thickness is 2.1 m). 

This coal is ranked as a low volatile bituminous coal. The total inter-seam partings have an 

average thickness of 0.19 m. 

The bottom seam occurs at an average of 19.0 m below the top seam. The parting between 

the Top and Bottom seam consists of medium to coarse-grained sandstone. The bottom seam 

height ranges from 0.7 m to 2.04 m (on average 1.8 m). 

Approximately 50 exploration boreholes were drilled on the farms Mourne and Slieve Donald 

(within the extent of the underground mining area). This data together with the historical 

exploration data (GCS, 2008) were used to compile a coal floor map. This map can be viewed 

in Figure 2-4. The coal seam dips into a westerly direction, away from the existing mining 

portal. 

 
 
2.2.2 Structural geology 

The Ingogo sill occurs approximately 60 m above the top seam on the farm Magdalena 7574. 

This dolerite sill attains a thickness of up to 76 m. Due to its proximity, the top seam coal was 

devolatilised during emplacement, giving rise to a low volatility bituminous coal. 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 coal reserves are truncated by dolerite dykes to the north and south-east. These dykes 

were emplaced along pre-existing fault planes. The faulting gave rise to the formation of three 

distinct blocks. The block to the south-east has a 30 m displacement relative to the central 

block (mining area) whilst the block to the north was up-thrown by 12 m. 
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Figure 2-1: Local stratigraphy 
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2.3 Groundwater users in the area 

GCS undertook a field hydrocensus in 2013 and a follow-up hydrocensus in 2016. Moreover, 

the GRIP (2016) and NGA (2018) borehole databases indicate that there are several registered 

groundwater users within a 5km radius of the Magdalena Colliery.  

A combined total of sixty-six (66) registered groundwater users were identified. Table 2-1 lists 

the boreholes identified and Figure 2-3 shows the spatial distribution of the boreholes relative 

to the Colliery. The table was compiled with the latest groundwater level data available. 

 
Table 2-1: Groundwater users identified within 5km radius of the Magdalena Colliery 
(NGA, 2018 and GRIP, 2016) 

Borehole ID 
Hydrocensus 
Level 

Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

Elevation 
(mamsl) Type 

Water Level 
(mbgl) 

Water Level 
Date 

2730CC00096 Desktop -27.94740 30.13999 1274.57 Borehole 18 02/02/1999 

2730CC00102 Desktop -27.93102 30.19388 1236.15 Borehole 6.4 19/02/1999 

2730CC00103 Desktop -27.98323 30.13971 1334.05 Borehole 10.38 04/11/1998 

2730CC00104 Desktop -27.95684 30.21666 1217.33 Borehole 13.66 17/03/1999 

2730CC00106 Desktop -27.99833 30.16861 1295.27 Borehole 21.45 10/07/2001 

2730CC00107 Desktop -27.97101 30.16527 1363.61 Borehole 14 27/11/1998 

2730CC00124 Desktop -27.94379 30.20833 1200.00 Borehole 4.25 15/01/1998 

2730CC00133 Desktop -27.94500 30.16278 1270.08 Borehole 8.85 13/03/1998 

2730CCL0011 Desktop -27.96018 30.18527 1264.91 Borehole 20.62 14/03/1998 

2730CCL0029 Desktop -27.95545 30.18943 1236.00 Borehole 4.84 19/06/2000 

2730CCV0027 Desktop -27.99056 30.14722 1300.00 Borehole 5.05 10/07/2001 

2730CCV0028 Desktop -27.99139 30.14306 1303.18 Borehole 1.68 11/07/2001 

2730CCV0037 Desktop -27.93194 30.15583 1248.58 Borehole 16.6 06/07/2001 

2730CCV0038 Desktop -27.94028 30.20250 1204.38 Borehole 2 28/06/2001 

2730CCV0039 Desktop -27.96472 30.22472 1200.00 Borehole 6.68 24/07/2001 

2730CCV0042 Desktop -27.93222 30.18000 1240.00 Borehole 2.6 28/06/2001 

2730CCV0044 Desktop -27.94944 30.19056 1220.55 Borehole 5.97 02/07/2001 

2730CCV0049 Desktop -27.94750 30.17944 1249.07 Borehole 3.82 03/07/2001 

2730CCV0050 Desktop -27.95167 30.17520 1269.49 Borehole 23.65 03/07/2001 

2730CCV0051 Desktop -27.94194 30.17139 1249.20 Borehole 6.08 05/07/2001 

2730CCV0067 Desktop -27.96556 30.21278 1204.01 Borehole 7.04 13/03/2002 

2730CCV0069 Desktop -27.94861 30.20056 1215.76 Borehole 9.24 09/03/2002 

2730CCV0078 Desktop -27.97083 30.17917 1348.13 Borehole 13.3 29/05/2002 

2730CCV0155 Desktop -27.99194 30.15861 1332.64 Borehole 5.8 17/09/2004 

2730CCV0157 Desktop -27.95108 30.13492 1300.83 Borehole 12.31 18/09/2004 

2730CCV0158 Desktop -27.98592 30.16686 1357.43 Borehole 7 09/09/2004 

2730CCV0161 Desktop -27.99056 30.17944 1297.38 Borehole 3.37 16/09/2004 

2730CCV0187 Desktop -27.95936 30.19950 1234.44 Borehole 14.07 01/04/2005 

2730CCV0224 Desktop -27.93046 30.19749 1233.96 Borehole 5.6 18/02/2000 

2730CCV0239 Desktop -27.94740 30.17499 1261.71 Borehole 22.6 11/03/2000 

2730CCV0243 Desktop -27.93768 30.14721 1251.89 Borehole 11 18/02/2000 

2730CCV0244 Desktop -27.93657 30.14749 1248.93 Borehole 2.55 29/02/2000 

2730CCV0247 Desktop -27.93268 30.17499 1240.00 Borehole 6 18/02/2000 

2730CCV0253 Desktop -27.93379 30.17249 1240.00 Borehole 2.9 29/02/2000 

2730CCV0265 Desktop -27.97434 30.20360 1236.19 Borehole 4.5 22/03/2000 

2730CCV0273 Desktop -27.97018 30.16582 1368.18 Borehole 10.7 22/03/2000 
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Borehole ID 
Hydrocensus 
Level 

Latitude 
(Decimal 
Degrees) 

Longitude 
(Decimal 
Degrees) 

Elevation 
(mamsl) Type 

Water Level 
(mbgl) 

Water Level 
Date 

2730CCV0274 Desktop -27.96823 30.13221 1342.41 Borehole 2.6 22/03/2000 

2730CCV0281 Desktop -27.94518 30.20194 1203.20 Borehole 18.3 14/06/2000 

2730CCV0282 Desktop -27.94601 30.21055 1204.09 Borehole 6.44 20/04/2000 

2730CCV0283 Desktop -27.94601 30.21972 1199.99 Borehole 11.27 20/04/2000 

2730CCV0287 Desktop -27.94157 30.17527 1240.60 Borehole 20.6 03/04/2000 

2730CCV0300 Desktop -27.96333 30.22833 1193.40 Borehole 6.35 27/08/2003 

2730CCV0306 Desktop -27.95167 30.22167 1207.30 Borehole 8.1 17/09/2003 

2730CCV0348 Desktop -27.94602 30.14027 1267.90 Borehole 13.2 23/11/1998 

2730CCV0349 Desktop -27.99851 30.16777 1300.62 Borehole 5.15 22/01/1999 

2730CCV0353 Desktop -27.96378 30.13693 1363.80 Borehole 14.6 31/08/1999 

2730CCV0357 Desktop -27.96934 30.13249 1339.61 Borehole 2.07 25/05/1999 

2730CCV0359 Desktop -27.94407 30.15471 1274.74 Borehole 15.8 17/05/1999 

2730CCV0360 Desktop -27.93796 30.17443 1240.00 Borehole 5.25 30/08/2000 

2730CCV0361 Desktop -27.94963 30.18082 1247.82 Borehole 17.4 29/08/2000 

2730CCV0364 Desktop -27.95823 30.22416 1202.23 Borehole 14.6 30/03/2001 

2730CCV0365 Desktop -27.95739 30.22333 1204.13 Borehole 35.1 08/05/2001 

2730CCV0368 Desktop -27.94796 30.19304 1220.00 Borehole 9.93 05/03/2001 

2730CCV0388 Desktop -27.94685 30.20500 1206.34 Borehole 3.9 23/07/2001 

2730CCV0390 Desktop -27.96962 30.22139 1200.00 Borehole 18.95 06/08/2001 

2730CCV0395 Desktop -27.93602 30.17499 1240.00 Borehole 3.7 20/08/2001 

2730CCV0398 Desktop -27.94768 30.18471 1240.00 Borehole 17.4 17/08/2001 

2730CCV0410 Desktop -27.93268 30.15943 1251.76 Borehole 45 03/04/1998 

2730CCV0469 Desktop -27.93102 30.17221 1240.00 Borehole 8.1 20/07/1998 

2730CCV0470 Desktop -27.97128 30.20778 1220.00 Borehole 6.47 18/08/1998 

MGH1 Field -27.95908 30.17355 1292.32 
Borehole - Hand 
Pump 

Could not 
measure 26/11/2013 

MGH2 Field -27.94352 30.17010 1258.16 
Borehole - Hand 
Pump 

Could not 
measure 26/11/2013 

MGH3 Field -27.94707 30.16620 1271.38 
Borehole - Hand 
Pump 

Could not 
measure 26/11/2013 

MGH4 Field -27.95173 30.17575 1266.26 
Borehole - Hand 
Pump 

Could not 
measure 26/11/2013 

MagEXP1 Field -27.95120 30.17657 1262.13 
Exploration 
Borehole 19.79 26/11/2013 

MagEXP2 Field -27.95173 30.17507 1270.17 
Exploration 
Borehole 23.71 26/11/2013 

min (mbgl) 1.68 

max (mbgl) 45 

average (mbgl) 11.1 

 
 

2.4 Mining operations 

The sub outcrop of the top seam was mined by opencast methods using the rollover method. 

Underground reserves are accessed via the old adit (first box cut in the area), Frank Shaft, 

STA adit and the Thembelisha Adit. Board and pillar mining methods are used for the 

underground sections. 

Most of the mining infrastructure (i.e. stockpile area, siding, slurry dam, discard dump, 

pollution control dams) area situated near the first box-cut and adit which was made in the 

area in 2002. Figure 2-4 shows the infrastructure at the mine. 
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Figure 2-2: Regional setting and local geology 
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Figure 2-3: Groundwater users identified within a 5km radius of the Magdalena Colliery 
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Figure 2-4: Magdalena Colliery site layout and coal floors 
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3 AQUIFER CHARACTERISTICS 

Based on available literature data, field data and borehole log data the aquifers occurring in 

the area can be divided into two (2) distinct zones: 

 Perched weathered aquifer zone (semi-confined): 

o The weathered aquifer is an unconfined system located in the weathered 

sandstone formation of the Ecca Group. In the Ecca group, multi-layered 

aquifers are common. It is, however, conceptualised as a single unit with 

interconnectivity between layers, as a best-case scenario. 

o On average the saturated thickness for the weathered to semi-confined 

aquifer zone, determined by boreholes drilled at the site, varies from 15 to 

24 m. However, on a catchment scale the average weathered thickness is 

estimated to be in the order of 28 m (King et al., 1998). 

 Confined fractured aquifer zone: 

o The Dwyka Formation, which underlies the Ecca Group, 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.  

o The fractured aquifer is found in sandstones and coal layers. It has been found 

that the sand grains within the sandstones are very well cemented by 

carbonate minerals and therefore there is no flow of groundwater through the 

matrix of the rock. Nevertheless, permeable zones can be created over time 

when acid water leaches the carbonate from the sandstone matrix adjacent 

to the mine. Groundwater is flowing essentially in the preferential pathway 

including fractured zones, joints and fissures. It has also been found that the 

coal layer is usually fractured and capable of transmitting groundwater (GCS, 

2011). 

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

be in the order of 100 - 110 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 3-1. 
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Figure 3-1: Conceptualisation of the study area aquifer zones 
 
 

3.1 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. 

Various dolerite dykes and contact zones have been mapped during the underground 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. 

 

3.2 Primary groundwater occurrence 

Figure 3-2 plots available water strike data for boreholes drilled into the weathered to semi-

unconfined aquifer zone (up to depths of < 50 mbgl). The first water strike generally occurs 

at a depth in the order of 26 mbgl (along coal, sandstone and mudstone beddings). A second 

water strike was encountered at one borehole at a depth in the order 36 mbgl (along a 

sandstone and shale contact zone).  

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; 

                                                 
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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 Contact zones between lithologies or unconformities; and 

 Faults and associated fracture zones.  

 
 

 
Figure 3-2: Borehole water strike depths 
 
 

3.3 Aquifer yield 

No blow yield data are available for boreholes drilled at Magdalena. However, the aquifer is 

considered a low to moderate yielding aquifer and has a reported yield in the order of 0.5 l/s 

to 2 l/s (King et al., 1998). 

 

3.4 Aquifer hydraulics and aquifer testing 

Table 3-1 list all available aquifer test data for the Magdalena area. GCS undertook pump 

testing on various boreholes, dating back to 2011. The pump test data and analyses graphs are 

available in Appendix C. 

Available data indicate that aquifer transmissivity (T) values range from 0.01 to 8 m²/day. 

Assuming a uniform saturated aquifer thickness of ± 10 m, yields an aquifer hydraulic 

conductivity (K-value) range from 0.001 to 0.8 m/day. Higher T and K values are expected for 

boreholes drilled into dolerite contact zones. 

 
Table 3-1: Aquifer test data 

BH Test Type Analyses Lithology T (m²/day) K (m/day) 

GCS1 Slug Test Bouwer-Rice Ecca 0.093 0.003 

GCS2 Slug Test Bouwer-Rice Ecca 0.096 0.003 

GCS3 Slug Test Bouwer-Rice Ecca 0.100 0.008 

GCS4 Slug Test Bouwer-Rice Ecca 0.636 0.014 

GCS5 Slug Test Bouwer-Rice Ecca 0.018 0.001 
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BH Test Type Analyses Lithology T (m²/day) K (m/day) 

MGD1 Slug Test Bouwer-Rice Ecca 0.223 0.006 

MGD2 Slug Test Bouwer-Rice Ecca 0.086 0.002 

MGD6 Slug Test Bouwer-Rice Ecca 1.901 0.054 

MW1 Slug Test Bouwer-Rice Ecca 0.019 0.002 

MW3 Slug Test Bouwer-Rice Ecca 8.135 0.814 

MW5 Slug Test Bouwer-Rice Ecca 0.059 0.006 

MW6 Slug Test Bouwer-Rice Ecca 0.099 0.010 

Min 0.018 0.001 

Harmonic Mean 0.054 0.002 

Geometric Mean 0.162 0.008 

Max 8.135 0.814 

CRT = Constant Rate Test, RT = Recovery Test, SND = Sandstone, DOL = Dolerite 

 
 

3.5 Aquifer storage / storativity 

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

in the order of magnitude of < 9.4 x 10-5 (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%. 

 

3.6 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 4 to 5.2 % (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: 

 

𝑹 =  
𝑪𝒉𝒍𝒐𝒓𝒊𝒅𝒆 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒊𝒏 𝒓𝒂𝒊𝒏𝒇𝒂𝒍𝒍

𝑪𝒉𝒍𝒐𝒓𝒊𝒅𝒆 𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒊𝒏 𝒈𝒓𝒐𝒖𝒏𝒅 𝒘𝒂𝒕𝒆𝒓
 𝒙 𝟏𝟎𝟎   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: 

 

𝑹 =  
𝟐.𝟓 𝒎𝒈/𝒍

𝟓𝟐 𝒎𝒈/𝒍
 𝒙 𝟏𝟎𝟎 = 𝟒. 𝟖 %     Equation 2 

 

Groundwater recharge, calculated using the chloride (Cl) method, gives rainfall recharge 

figures varying between as high as 7.5 % and as low as 4.8 %. Using 4.8 %, the groundwater 

recharge is estimated to be in the order of 42.5 mm/yr. 
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3.7 Groundwater levels 

There are several monitoring boreholes situated at the Magdalena Colliery which are 

monitored. Furthermore, several groundwater levels have been recorded in hydrocensus 

boreholes identified in the area.  

Based on the available groundwater data (2002 - 2018) the groundwater levels observed are 

summarised as follows: 

 Weathered to semi-confined aquifer zone (boreholes drilled to depths < 50 mbgl): 

o The groundwater level ranges from 0.5 to 20 mbgl. 

 Confined fractured aquifer zone (boreholes drilled to depth > 50 mbgl or 

predominantly in dolerite) 

o The groundwater level ranges from 18 to 60 mbgl. 

 Regional / catchment: 

o Based on hydrocensus data for the area, the groundwater level for the general 

catchment area ranges from 1.6 to 64 mbgl.  

Figure 3-3 plots the groundwater elevation vs topographic elevation for hydrocensus and water 

monitoring boreholes, situated within the study area. There is a very good linear relationship 

(R ≈ 89 %) between topographic and groundwater elevations. The data suggest that the 

regional groundwater table is likely to mimics the topography. 

 

 
Figure 3-3: Groundwater elevation vs topographic elevation 
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3.8 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. 

 

4 HYDROCEHMISTRY 

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

Magdalena Colliery, as well as hydrocensus boreholes situated in the catchment. Data in this 

section was extracted from the Magdalena hydrochemistry database, hydrocensus studies 

undertaken by GCS and GRIP 2016 data. 

 

4.1 Catchment groundwater quality 

There are several boreholes situated within a 5 km buffer area of the Magdalena Colliery. Most 

of the boreholes fall towards the north, east and west of the site and are situated well away 

(1 to 5 km) from the Magdalena Colliery (refer to Table 2-1 and Figure 2-3).  

Extracted hydrochemistry data is summarised in Table 4-1. From the data reviewed, the 

following can be said: 

 The groundwater generally exhibits neutral pH conditions. 

 Electrical conductivity (EC), total dissolved solids (TDS), Calcium (Ca), sodium (Na) 

and iron (Fe) plots above DWAF (1996) ideal water quality ranges for potable water 

use.  

 Sulphate (SO4) and 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. 

 A piper diagram for the groundwater hydrochemistry is shown in Figure 4-1. The 

following summarises the piper interpretation: 

o Most of the samples plot near the right and left corner of the left and right 

ternary diagram, respectively. The samples are spread from the corners 

towards the middle centres of the respective ternary diagrams. Hence, the 

samples plot in the bottom and left-middle region of the centre diamond.  

o The data suggest that the ions in the groundwater fluctuates due chemical 

weathering of different types of aquifer rock. Bicarbonate (HCO3
-) and sodium 

(Na+) appears to be the dominant anions, and sulphate (SO4
2-) and chloride 

(Cl- ) are the lesser ions.  
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o The groundwater encountered in the catchment can be classified as alkali-

carbonate dominant as well as existing in a temporary hardened state. The 

data suggest significant mixing of fresher groundwaters (shallow recently 

recharged) with older and deeper groundwaters. 

 
Table 4-1: Ambient water quality ranges 

Constituent 
Quality Range (based on 

1996 to 2013 data) 

Average (based on 1996 to 

2013 data) 

DWAF 1996: Ideal Water 

Quality Range 

pH 5.9 - 9.16 7.50 6 - 9 

EC mS/m 8 - 184.8 84.24 0 - 70 

TDS mg/l 190 - 1290 549.69 0 - 450 

Ca mg/l 1.6 - 140 37.12 0 - 32 

Mg mg/l 1 - 79.78 22.08 0 - 30 

Na mg/l 0.87 - 332.8 124.19 0 - 100 

K mg/l 0.6 - 57 8.45 0 - 50 

MALK mg/l 32 - 602 322.23 ns 

Cl mg/l 6 - 429 82.05 0 - 100 

SO4 mg/l 0 - 452 51.90 0 - 200 

NO3-N mg/l 0.05 - 296 4.99 0 - 6 

F mg/l 0.01 - 2.5 0.42 0 - 1 

Fe mg/l 0 - 24.6 1.28 0 - 0.1 

Mn mg/l 0.01 - 0.63 0.10 0 - 0.05 
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Figure 4-1: Hydrocensus borehole groundwater quality - Piper Plot 
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4.2 Local groundwater quality 

Table 4-2 lists the general water quality ranges for monitoring boreholes situated at the 

Magdalena Colliery. The table is compiled from data extracted from the hydrochemistry 

database maintained by GCS. Data for 2003, 2010, 2013, 2016, 2017 and 2018 is discussed in 

this section to illustrate the hydrochemical evolution of the site; and how chemistry conditions 

relate to the rest of the catchment. 

The groundwater quality observed is summarised as follows: 

 The groundwater boreholes situated on site; and downstream of the various 

processing plants, stockpiles, slurry pond, underground workings and opencast 

workings generally exhibit neutral pH conditions.  

 A marked increase in dissolved ions (Ca, Mg, Na, SO4, Fe and Mn) is noted for 

boreholes situated at the site, when compared to the ambient boreholes (refer to 

Figure 4-2 and Figure 4-3).  

o The dissolved concentrations tend to be higher in boreholes situated close 

to the identified waste sources in the area and gradually improve further 

away from the site. 

o Fe and SO4 are the major indicators of mine related pollution at the 

Magdalena Colliery site.  

o Boreholes located outside of the Magdalena mining area (W101, MG7, 

MG11 and Mag BH2) all show consistently low SO4 concentrations (refer to 

Figure 4-4). This suggests that the impact of Magdalena operations is 

limited to the mining area. 

 
Table 4-2: Typical groundwater quality range at the Magdalena Colliery 

Constituent 
Quality Range 

(based on 
2003 data) 

Quality Range 
(based on 
2010 data) 

Quality Range 
(based on 
2016 data) 

Quality Range 
(based on 
2017 data) 

Quality Range 
(based on 
2018 data) 

Average 
(2018) 

DWAF 1996: 
Ideal Water 

Quality 
Range 

pH 6.9 - 8.92 6.04 - 8.97 6.17 - 9.74 6.55 - 9.75 5.9 - 9.7 7.4 6 - 9 

EC mS/m 108 - 134.1 81.8 - 610 45.2 - 511 45.1 - 318 44 - 645 203.2 0 - 70 

TDS mg/l 635 - 784 532 - 5642 240 - 4900 239 - 2618 270 - 5800 1646.7 0 - 450 

Ca mg/l 1.2 - 71.3 0.22 - 560 0.6 - 626 1.86 - 242 0.6 - 690 136.8 0 - 32 

Mg mg/l 0.6 - 50.8 0.01 - 559 0.2 - 317 1.09 - 222 0.35 - 329 77.7 0 - 30 

Na mg/l 112 - 321 108 - 305 70.3 - 444 75.8 - 292 23 - 1480 236.2 0 - 100 

K mg/l 1.6 - 3.4 1.25 - 11 1.62 - 21 2.59 - 14 1.4 - 29 9.8 0 - 50 

MALK mg/l 358 - 570 20.4 - 594 87.2 - 563 148 - 512 15 - 734 369.4 ns 

Cl mg/l 38 - 130 8.34 - 141 12.1 - 288 9.81 - 98.7 3.4 - 1850 83.4 0 - 100 

SO4 mg/l 2.3 - 208 0.65 - 4122 0.54 - 3440 2.54 - 1717 0.14 - 3320 724.7 0 - 200 

NO3-N mg/l 2.2 - 2.5 0.01 - 0.99 0.3 - 3.4 0.338 - 1.4 0.1 - 8.2 2.8 0 - 6 

F mg/l 0.08 - 1.1 0.132 - 1.32 0.08 - 4.5 0.22 - 2.01 0.11 - 1.5 0.5 0 - 1 

Al mg/l 0.1 - 0.9 0.01 - 0.21 0.003 - 5.6 0.009 - 0.12 0.003 - 0.52 0.0 0 - 0.15 

Fe mg/l 0.02 - 1.51 0.04 - 39.9 0.01 - 4.61 0.009 - 2.75 0.05 - 7.2 0.6 0 - 0.1 

Mn mg/l 0.01 - 0.09 0.01 - 7.21 0.002 - 5.5 0.02 - 2.73 0.006 - 4.4 1.0 0 - 0.05 

Min, Max and Average values for borehole GCS1, GCS2, GCS3, GCS4, GCS5, MW3, MW4, MW6, MW7, MW8, MG7, MG11, 

Mag BH1 and Mag BH2 were used for the data range chosen 
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Figure 4-2: Comparison of Ambient vs. Monitoring Boreholes - Macro Constituents (AVG 
2013-2018) 

 

 
Figure 4-3: Comparison of Ambient vs. Monitoring Boreholes - Micro-Constituents (AVG 
2013-2018) 
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Figure 4-4: Groundwater SO4 distribution (average for 2018) 
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4.3 Local surface water quality 

Table 4-3 and Table 4-4 lists the latest surface water quality (2018 data) surface water 

monitoring sites at the Magdalena Colliery. Figure 4-5 shows the SO4 concentration recorded 

at the various surface water monitoring points. 

The surface water quality observed are summarised as follows: 

 All surface water sites exhibit neutral pH conditions. 

 All surface water sites, except site NGA and GAT, exhibit high EC and TDS above DWAF 

(1996) ideal water quality ranges. 

 SO4 is high (> 200 mg/l) with regards to DWAF (1996) ideal water quality ranges at all 

surface water sites, except at GAT. 

 Dissolved metal concentrations are below laboratory detection ranges, except at 

SPRING. SPRING is a decant point from the old Ngisana underground workings. 

 

From available surface water monitoring data (2001 to 2018), the Magdalena Colliery has had 

an impact on streams situated close to the beneficiation and coal waste disposal areas.  

o Available data suggest that surface water quality improves further away from 

the site. 

o According to DWAF (1996a &1996b) there are no risk associated with using 

stream water for livestock or irrigation purposes. However, the water may 

have some aesthetic effects for domestic use. 
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Table 4-3: Surface water quality at Magdalena Colliery (2018 data) 

Constituent MS1 BOX BUL CROSS EV1 FD1 FD2 GAT 
Average 
(2018) 

DWAF 1996: 
Ideal Water 

Quality 
Range 

Date 04/04/2018 03/07/2018 03/07/2018 03/07/2018 03/07/2018 03/07/2018 03/07/2018 04/04/2018     

pH 8.4 8 8.2 7.9 7.9 7.6 8 8 7.9 6 - 9 

EC mS/m 159 190 173 523 261 191 155 51 206.7 0 - 70 

TDS mg/l 1500 1400 1200 3300 2200 1500 1100 350 1550.0 0 - 450 

Ca mg/l 135 103 104 376 171 134 114 38 149.7 0 - 32 

Mg mg/l 80 66 62 198 117 68 56 22 83.9 0 - 30 

Na mg/l 100 210 187 176 284 207 135 37 173.4 0 - 100 

K mg/l 6.3 10 9.2 8.5 12 8.8 9 4.5 8.5 0 - 50 

MALK mg/l 110 220 233 110 275 303 150 178 212.4 ns 

Cl mg/l 14 12 8.7 12 17 9.1 6.3 5.2 17.6 0 - 100 

SO4 mg/l 758 848 718 2110 1460 800 676 89 921.7 0 - 200 

NO3-N mg/l 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.3 0 - 6 

F mg/l 0.49 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.89 0.5 0 - 1 

Al mg/l 0.013 0.004 0.003 <0.003 0.005 <0.003 0.007 0.053 0.0 0 - 0.15 

Fe mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.1 0 - 0.1 

Mn mg/l <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 0.007 0.3 0 - 0.05 
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Table 4-4: Surface water quality at Magdalena Colliery (2018 data) - Continued 

Constituent Mag Slurry MS2 MS3 MS4 (PCD3) MS4A (PCD2) MS5 NGA SPRING 
Average 
(2018) 

DWAF 1996: 
Ideal Water 

Quality 
Range 

Date 03/07/2018 04/04/2018 09/01/2018 03/07/2018 03/07/2018 04/04/2018 03/07/2018 03/07/2018     

pH 8.1 7.7 8.2 7.6 7.9 8.3 7.70 6.9 7.9 6 - 9 

EC mS/m 265 122 274 326 261 96 66 194 206.7 0 - 70 

TDS mg/l 2000 960 2400 2200 2100 730 360 1500 1550.0 0 - 450 

Ca mg/l 89 100 351 257 163 65 52 143 149.7 0 - 32 

Mg mg/l 60 59 129 165 107 50 29 75 83.9 0 - 30 

Na mg/l 371 66 161 306 242 59 28 205 173.4 0 - 100 

K mg/l 13 3.9 15 7 11 5.7 1.40 11 8.5 0 - 50 

MALK mg/l 215 298 146 233 265 160 <12 290 212.4 ns 

Cl mg/l 26 47 15 17 17 49 <0.05 9.4 17.6 0 - 100 

SO4 mg/l 1180 286 1340 1840 1230 251 272.00 889 921.7 0 - 200 

NO3-N mg/l <0.1 0.3 <0.1 <0.1 0.6 <0.1 <0.1 <0.1 0.3 0 - 6 

F mg/l <0.05 0.49 <0.05 <0.05 <0.05 0.29 <0.05 <0.05 0.5 0 - 1 

Al mg/l 0.007 0.008 <0.003 <0.003 <0.003 0.024 0.02 <0.003 0.0 0 - 0.15 

Fe mg/l <0.05 <0.05 <0.05 <0.05 <0.05 0.05 <0.05 <0.05 0.1 0 - 0.1 

Mn mg/l 0.027 0.002 0.006 <0.002 <0.002 0.009 <0.002 2 0.3 0 - 0.05 
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Figure 4-5: Surface water SO4 distribution (average for 2018) 
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5 GEOCHEMICAL TEST WORK / SOURCE CHARACTERISATION 

Several Acid Base Accounting (ABA), Net-Acid Generation (NGA), X-ray diffraction (XRD), X-

ray fluorescence (XRF), peroxide leach and static leachate tests have been performed on rock 

mined at the Magdalena Colliery. The testing was done to ensure that the groundwater and 

environmental risks associated with the waste rock generated is updated and characterised as 

mining progresses.   

Four (4) rock samples (dry coal slurry, sandstone (overburden), coal discard and shale 

(overburden)) were collected from Magdalena Colliery to update the source term(s), as part 

of the 2018 model update. The laboratory results are available in Appendix C. Results from 

2011, 2012 and 2013 test work was extracted from previous specialist reports and are included 

in the discussion (refer to the reference list).  

 

5.1 Summary of key geochemical findings 

The rock tested, test dates and test results are summarised in Table 5-1. Based on all available 

ABA and NAG data, the following is noted: 

 Shale, coal, coal discard and coal slurry are generally PAG (Potentially Acid 

Generating). 

 Sandstone (adit areas and rehabilitated opencast pits) is generally non-PAG (Not 

Potentially Acid Generating). 

 NAG results confirm that shale, coal and coal waste products are PAG. Sandstone 

overburden is generally non-PAG. 

 Shale, coal, coal discard and coal slurry are highly likely to cause long-term AD (Acid 

Drainage). Sandstone shows no long-term AD potential.  

 The coal and shale waste rock pose the greatest risk to groundwater quality as both 

these rock types have a high AD potential.  
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Figure 5-1: Summary of ABA data for Magdalena samples 
 

 
Figure 5-2: Summary of NAG data for Magdalena samples 

 

 

0.01

0.1

1

10

100

1000

0 0.5 1 1.5 2 2.5 3 3.5 4

N
P
/A

P

Total S [wt. %]

Magdalena Sample Classification - ABA

Coal - Pillar Coal - Floor Coal - Roof Slurry Sandstone Discard Shale

Not Potentially 
Acid Generating

Potentially Acid 
Generating

Uncertain

0

1

2

3

4

5

6

7

8

9

10

0 0.5 1 1.5 2 2.5 3 3.5 4

N
A

G
-p

H

Total S [wt. %]

Magdalena Sample Classification - NAG

Coal - Pillar Coal - Floor Coal - Roof Slurry Sandstone Discard Shale

Potentially Acid Generating



Zinoju Coal (Pty) Ltd   Magdalena Colliery: Model Update 2018 

18-0544 01 November 2018 Page 49 

Table 5-1: Summary of geochemical test work (2011 to 2018) 

 

Date Sample ID Rock Type
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Key Findings

JBX18-

2244.001

Dry coal 

slurry

1 0 1 1 0 0 0 0

JBX18-

2244.002

Sandstone 1 0 1 1 0 0 0 0

JBX18-

2244.003

Coal discard 1 0 1 1 0 0 0 0

JBX18-

2244.004

Shale 1 0 1 1 0 0 0 0

S2 - P418C 

- Coal

Coal 1 1 1 1 1 0 1 0

S2 - P 

418C - 

Floor

Coal 1 1 1 1 1 0 1 0

S2 - P 

418C - 

Roof

Coal 1 1 1 1 1 0 1 0

X1 Sandstone 0 0 1 0 0 0 0 0

X2 Shale 0 0 1 0 0 0 0 0

X3 Coal 0 0 1 0 0 0 0 0

PK12 Mag Slurry 1 0 0 1 0 0 1 1 0

PK13 Mag Slurry 2 0 0 1 0 0 1 1 0

1-1 Coal 0 0 1 0 0 1 1 0

2-1 Coal 0 0 1 0 0 1 1 0

3-1 Coal 0 0 1 0 0 1 1 0

4-1 Slurry 0 0 1 0 0 1 1 0

2017

• Based on the ABA results the main coal seam (underground pillar) have a higher neutralization potential 

(31.4 CaCO3 kg/t) when compared to the roof and floor with a very low neutralisation potential (< 13 CaCO3 

kg/t). All samples have high acid potential values.

• All samples, with the exception of the coal floor sample, have a %S higher than 1%. Based on the %S and 

NP/AP ratio all the samples are likely to have the potential to generate acidic drainage. 

• The NAG test results confirmed that the samples have a high potential for acidification. The samples were 

classified as either high/low capacity acid forming. 

• Overall, it can be concluded that all the samples have a significant potential to generate acid mine 

drainage. All the samples, with the exception of the floor sample, have a %S higher than 1% indicating that 

the rock samples may have the potential for long-term acid-generation. The coal floor sample indicate short 

term acid drainage potential.

2018

• Pyrite (FeS2) is present as a accessory mineral in all samples, except in the shale sample. Very little 

calcite is noted in all samples.

• Based on ABA data, slurry and shale are classified as uncertain, sandstone as potentially acid neutralising 

and coal discard as potentially acid generating.

• NAG testing indicate that all samples are potentially acid generating.

2013

2011

2012

• The shale and coal layers have a likely acid generating potential based on the NNP as well as the NPR. The 

%S content is highest in the shale and the pH paste test resulted in a more acidic pH. However, the coal 

layer had a lower NNP as well as a lower NPR.

• The sandstone layer, which constitutes a large portion of the geology of the opencast pits, has an 

uncertain (NNP) or possible (NPR) acid generation potential. The %S content of this layer is low and the pH 

paste test resulted in a neutral pH.

• The coal and shale layers, therefore, pose the greatest risk to groundwater quality as both these 

geological units have a likely acid generation potential. 

• Both slurry samples exhibited very low final pH (< 2) during testing.

• Based on ABA and peroxide leach testing, both slurry samples are highly likely acid forming.

•	Based on four samples (2 slurry and 2 coal), the material can be regarded as a high risk in terms of future 

long-term acid mine drainage conditions.

•	Results from the leach tests indicate that significant amounts of sulphate (%S) had accumulated on the 

samples through weathering processes, but there is still significant potential for future sulphate (and 

acidity) generation. 
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6 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 

model developed is illustrated by Figure 6-3.  

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

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

 

6.1 Mine plan and rehabilitation plan 

In terms of the conceptualisation of future groundwater risks, it is important to understand 

the future mining plans and care, maintenance and rehabilitation plan which will be followed 

at the Magdalena Colliery. Table 6-1 provides a summary of the future mining, care, 

maintenance and rehabilitation plan for the Magdalena Colliery. 
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Table 6-1: Future mining, maintenance, rehabilitation and closure plan 

Mine overview 

Magdalena comprises an expansive mining operation including several adits, dams, a discard dump and surface infrastructure that will be rehabilitated in a 
phased (yearly) approach.  It is currently planned that an application for closure will be applied for in 2025. The mine has opted to likely cease all mining 
activities (at the end of 2018) due to unforeseen financial and mining difficulties. A Care and Maintenance Plan has been compiled by GCS and will be 
implemented over the next 7 years, and mine closure is expected nearing the year 2030. 

Future Mine Plan Existing rehabilitation Plan (implemented from 2013 to 2018) Future rehabilitation Plan (in preparation for closure) 

It is envisaged that 
operations in Magdalena 
will cease at the end of 
October 2018. 

Water: (surface and groundwater) 

 All water captured in the return water dams/evaporation dam will be used for dust 
suppression and road wetting. These dams will be upgraded to handle closure 
containment. These dams will be rehabilitated after site rehabilitation is completed and 
clean surface run-off obtained. 

 
Soil: 

 Topsoil layer will be placed on all rehabilitated areas. Note that the subsoil layer will 
have a minimum thickness of 300 mm. Prior to the utilisation of stockpiled topsoil, a 
representative sample will be analysed at a reputable laboratory to determine the soil 
fertility status. If the fertility status is found to be diminished, agricultural fertilisers will 
be added to supplement the soil.  

 
Buildings/ Surface infrastructure: 

 All surface infrastructure will be demolished, and the foundations removed. Building 
rubble will be placed in the bottom of the final void prior to backfilling. 

 The explosives magazine will be de-registered, and the buildings removed. Certain 
buildings have value and may remain. Closure calculations have however assumed that all 
surface infrastructure will be removed. 

 
Underground workings: 

 All adit entries will be bricked-up and a clay plug built against the wall. Normal 
rehabilitation of the void will follow. 

 Once mining ceases, the open void created for adit entry will be filled with clean material 
previously stored for this purpose. 

 Discard Dump: 

 The dump will be shaped and rehabilitated to ensure clean surface run-off and minimal 
rain infiltration. A detailed maintenance plan will be included. 

The rehabilitation will be undertaken in a phased manner, as 
detailed below: 
2018: 

 Topsoiling and shaping of disturbed areas between Frank 
and STA Adits. 

 Stone-pitching of drainage channels between Frank and 
STA Adits. 

 Infilling and rehabilitation of STA Adit 
2019: 

 Malcolm shaft (opencast void 1) will be half filled, 
maintaining enough space for the ventilation fan and 
access to the shaft while maintenance continues to utilise 
Thembelisha Shaft. 

2019-2024: 

 Opencast: Spray Dam (Box cut) will be rehabilitated. 
2020-2024: 

 Main Adit (Adit 1) and Frank Adit (Adit 2) will be 
rehabilitated in phases to Malcolm shaft. It is proposed 
that Frank Adit is infilled and rehabilitated first, 
thereafter Main Adit. 

2022: 

 Demolition and disassembly of the opencast office area. 
2024: 

 Thembelisha (Adit 4) and the remainder of Malcolm (vent 
portal- o/c void 2) will be rehabilitated. 

 Salvaging of the processing plant and rehabilitation of 
disturbed areas. 

 Demolition of office areas   

 Rehabilitation of slurry void.  

 The discard dump will be rehabilitated continuously until 
the LOM of Aviemore (~2020), regressing and capping of 
the dump will occur. 

2025: 

 Application for closure (EIA process). 
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6.2 Potential groundwater pollution sources 

Based on available geochemistry, hydrochemistry and hydrogeological following main sources 

have been identified / are anticipated (refer to Figure 6-3): 

1. Operational / decommissioning: 

a. The old Ngisana workings – decanting as SPRING; 

b. The rehabilitated and un-rehabilitated opencast workings; 

c. The overburden dumps surrounding the adits (Box, Frank shaft, STA and 

Thembelisha); 

d. Discard dump; 

e. Slurry pond; 

f. Pollution control dams (PCDs); 

g. The underground workings; 

h. Beneficiation and coal stockpile areas; and 

i. Workshops. 

2. Closure: 

a. Rehabilitated shafts / adits; 

b. Rehabilitated opencast areas; 

c. Rehabilitated waste rock and overburden rock dumps; 

d. Rehabilitated slurry pit and discard dump; and 

e. Flooded mine workings. 

 

6.3 Mine / aquifer dewatering 

The Magdalena Colliery can be described as a dry mine, for no active groundwater dewatering 

takes place. One (1) groundwater ingress incident was recorded in August 2014, particularly 

just ahead of the Old Kobar workings near the slurry void. The water seeped into the existing 

works through fissures in the coal seam and along the floor (approximately 1 250 mamsl). It 

took approximately 80 sec to fill a 500 ml bottle (rate estimated at 0.012 l/s) from one position 

on the face (GCS, 2014). 

Magdalena pump surface water underground to mine the coal in the area. Available 

groundwater level data for monitoring boreholes indicate mining in the area has had an 

insignificant impact on the regional groundwater table, refer to Figure 6-1. All available 

information indicates that there is no drawdown in the surrounding groundwater aquifer. 

Hence, a groundwater dewatering and water level rebound model was not carried out as part 

of this model update. 
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Figure 6-1: Magdalena Colliery – Groundwater level trends 
 
 

6.4 Mine flooding 

From a theoretical point of view, the mine must flood at some stage. This is evident from 

other underground mines situated in the region (i.e. the old Ngisana underground workings). 

In the absence of significant groundwater inflow into the underground workings, it is estimated 

that flooding water will come from the overlying aquifer rock during rainfall events. 

The period it will take for the underground mine workings to flood after closure was 

determined and is illustrated by the stage curve in Figure 6-2. Two (2) flooding scenarios are 

simulated: 

1. Groundwater is added though net recharge only; and 

2. Groundwater is added though recharge and median inflow (0.5 l/sec used) along 

fractured dolerite and contact areas. 

 

The calculation is based on the following: 

 It is assumed that stooping will not take place after mining ceases. This potentially 

reduces the underground void volume by 45 to 50%; 

 The underground workings are assumed to be in the order of 2.1 m high/thick (the 

average seam thickness); 

 Based on the mine plan, the estimated total underground mine area is in the order of 

10.2 km²; and 

 Estimated recharge to the aquifer, and hence the underground workings void, is in the 

order of 4.8% the MAP (42.5 mm/a). 
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 A groundwater inflow rate of 0.5 l/sec is assumed along fractured dyke contacts with 

the underground void(s). 

 

 
Figure 6-2: Estimated time to flood the underground workings  
 
Based on the calculation and as seen in Figure 6-2 above, it is estimated that it will take 

approximately 12 to 24 years for the mine to completely flood after mine closure. The inflow 

rate is estimated at 1192 m³/day for recharge and 1239 m³/day for groundwater recharge and 

inflow of 0.5 l/sec along contact / dolerite dyke contacts with the underground workings. 

 

6.5 Mine decant 

The old Ngisana underground workings are decanting at a topographical low area, referred to 

as sample point SPRING. However, decant is highly unlikely to occur from the Magdalena 

underground workings for the following reasons: 

 The underground workings and access adits (box cuts) are well below the regional 

groundwater table (refer to Figure 6-3 and Figure 6-4); and 

 The coal seam dips down into the mountain and not up-into the mountain. Hence, 

the underground workings which extend into the mountain area do not occur above 

the lowest access elevation (in other word no positive pressure heads are 

anticipated). 

 
Moreover, it is anticipated that the old Ngisana workings are isolated from the Magdalena 

workings. Hence, mine interflow or preferred groundwater flow though the workings to the 

Ngisana decant area is unlikely. 
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Figure 6-3: Magdalena Colliery – Site conceptual model 



Zinoju Coal (Pty) Ltd Magdalena Colliery: Model Update 2018 

18-0544 01 November 2018 Page 56 

 
Figure 6-4: Magdalena Colliery – Cross sections 
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7 NUMERICAL GROUNDWATER MODEL 

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

the Magdalena Colliery, based on the available groundwater quality data for the year 2018. 

Subsequently, utilising the calibrated flow and transport model the likely ZOI at mine closure 

(year 2025), 50 years after closure (year 2075) and 100 years after closure (year 2125) were 

predicted. The end objective was to develop possible mitigation measures to reduce the 

mining impact. 

 

7.1 Objective of the model 

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

 Understand the operational and likely post-operational groundwater flow system. 

 Simulate the temporal and spatial extent of the SO4 ZOI for the: 

1. Existing mine setting for the year 2018; and 

 Monitoring data, old mine plans and manual inverse modelling were 

applied to calibrate the existing ZOI for the areas. 

2. Future mine setting: 

 The ZOI for the closure, 50Y after closure and 100Y after closure were 

modelled and the outputs assessed. 
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7.2 Model process 

The modelling processes followed is indicated in Figure 7-1. 

 

 
Figure 7-1: Modelling Approach 
 
 

7.3 Assumptions and limitations 

The model assumptions and limitations are as follows: 

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

pre-mining conditions. 

 Groundwater-specific yield and specific storage values were derived from literature 

ranges for the rock encountered in the study area. It is assumed that specific yield 

and specific storage values in the model domain is like literature values. 

 Dispersity parameters were derived from literature ranges for the aquifer rock in the 

study area (refer to reference list). It is assumed that the dispersity values assigned 

to the aquifer rock do not deviate much from literature values. 

 Sampling depths for samples collected from boreholes into the area are not available. 

It is likely that there may be a difference in the water quality from shallow 

groundwater vs. deeper samples from the same borehole. It is assumed that water 

quality data reflects constant sampling depths.  

Conceptualisation 
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 It is assumed the SO4 accurately displays the calibrated and predicated zone of 

influence due to physical and chemical attributed of SO4. 

 Conductance for river and stream drainage cells were derived from the literature. It 

is assumed that conductance in the model domain is like literature values. 

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

the coal wastes). 

 No change in constant concentrations assigned to the model grid for the various waste 

sources were made. 

 

7.4 Model calibration and output visualization process 

The ZOI presentations from the model calibration process are as follows: 

 Based on the monitoring data for the site, SO4 was used to calibrate the transport 

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

Africa (INAP, 2017).  

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 4). 

 The numerical model was developed with the latest groundwater hydrochemistry and 

hydrogeological information supplied to GCS for this investigation. The calibrated 

transport model, and hence the ZOI, was calibrated according to the average annual 

SO4 concentration observed at the groundwater boreholes.  

 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 7-1 supplies the target water quality range for sulphate as per the 

DWAF 1996 and SANS 241-1 guideline documents. 
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Table 7-1: 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 

 
 

7.5 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 model. Class 2-3 models are founded on 

enough hydrogeological 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. 

 

7.6 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. 
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7.6.1 Flow and transport engine  

The flow engine used is the USGS ODFLOW-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. 

 
7.6.2 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 1, 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).  

 

7.7 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 discretization. The model grid developed 

is based on the conceptual hydrogeological model developed for the project area. 
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7.7.1 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 three-layer, confined / semi-

confined aquifer. 

The positions of the different geological boundaries are incorporated in the modelling grid. A 

grid refinement of 10-40 m x 10-40 m cells for the Magdalena Colliery area which gradually 

coarsens away from the site was applied (refer to Appendix D). This is standard practice and 

does not influence the accuracy of the results obtained. 

 
7.7.2 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; 

 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.  
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The model boundaries and model grid are shown in Appendix D. Table 7-2 provides a summary 

of the boundaries, boundary descriptions and boundary conditions specified in the 

hydrogeological model. 

 
Table 7-2: Model and real-world boundaries 

Boundary Boundary Description Boundary Condition 

Top Top surface of water table 

Mixed type: River cells for main rivers and non-perennial 
drainage streams. 
Recharge is constant for the model area. Recharge flux is 
applied to the highest active cell. 

North No-flow boundary and stream/river Topographical low and streams/drain 

East No-flow boundary and stream/river Topographical low/stream 

South No-flow boundary and stream/river Topographical high/low/stream 

West No-flow boundary and river Topographical high/low/stream 

 
 
7.7.3 Vertical discretization 

Along the vertical direction, the steady state hydrogeological model is structured in 5 model 

layers (refer to Figure 7-2 and Appendix D). 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: 

o Combination of the dolerite sill intrusion of the mountain area up to a 

maximum depth of 110 mbgl; and weathered and partly-weathered Ecca 

formation sediments up to a maximum depth of 25 mbgl. 

 Layer 2: 

o Lower weathered and main coal seam occurrence in the area. The layer 

corresponds to the approximate underground working depth and generally 

dips in the direction of the coal seam.  

 Layer 3: 

o Lower weathered (transition zone) and partly fractured aquifer (Ecca group) 

> 30-60 mbgl. 

 Layer 4-5: 

o  Deep fractured basement aquifer > 60 mbgl. 
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Figure 7-2: Model Zones 
 
 

7.8 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. 

 
7.8.1 Model simulation time 

The model simulation time runs from the year 2002 to the year 2125. The model simulation 

time takes into consideration the care, maintenance and rehabilitation plan. Table 7-3 list the 

model simulation time and the Magdalena Colliery mine schedule. 

 
Table 7-3: The model simulation time  

Years Year Days Model Phase Comments Mine Maintenance Plan 

0 2002 0 

Calibration 

Box Cut  

1 2003 365 UG and OC  

2 2004 730 UG and OC  

3 2005 1095 UG and OC  

4 2006 1460 UG and OC  

5 2007 1825 UG and OC  

6 2008 2190 UG and OC  
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Years Year Days Model Phase Comments Mine Maintenance Plan 

7 2009 2555 New UG and OC  

8 2010 2920 New UG and OC  

9 2011 3285 New UG and OC  

10 2012 3650 New UG and OC  

11 2013 4015 New UG and OC  

12 2014 4380 UG Extensions  

13 2015 4745 UG Extensions  

14 2016 5110 UG Extensions  

15 2017 5475 UG Extensions  

16 2018 5840 
UG Extensions / 
Rehabilitation 

Topsoil and shaping of disturbed areas between 
Frank and STA Adit's 
Stone-pitching of drainage channels between Frank 
and STA Adit's 
Infilling and rehabilitation of STA Adit 
 

17 2019 6205 

Prediction 

Rehabilitation 

Malcolm shaft (opencast void 1) will be half filled, 
maintaining sufficient space for ventilation fan and 
access to the shaft while maintenance continues to 
utilise Themelisha Shaft. 
 

18 2020 6570 Rehabilitation 

2020-2024:  Opencast: Spray Dam (Box Cut) will be 
rehabilitated. 
 
2022:  demolition and disassembly of the opencast 
office area. 
 
2024: Thembelisha (Adit 4) and the remainder of 
Malcolm (vent portal- o/c void 2) will be 
rehabilitated. 
 
Salvaging of the processing plant and rehabilitation 
of disturbed areas. 
Demolition of office areas   
Rehabilitation of slurry void.  
The discard dump will be rehabilitated continuously 
until the LOM of Aviemore (~2020), regressing and 
capping of the dump will occur. 

19 2021 6935 Rehabilitation 

20 2022 7300 Rehabilitation 

21 2023 7665 Rehabilitation 

22 2024 8030 Rehabilitation 

23 2025 8395 Closure - LOM Application for closure (EIA Process) 

28 2030 10220 5 years  

33 2035 12045 10 years  

53 2055 19345 30 Years  

73 2075 26645 50 Y  

123 2125 44895 100 Y  
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7.9 Input parameters / initial model conditions 

Model input parameters for this 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 available aquifer 

test data for the Magdalena Colliery. 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. 

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. 

Four percent (4 to 4.8 %) recharge of average annual rainfall was applied, which is 

approximately 30 to 42 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 7-4 summarises the input parameters used in the steady state and transient state flow 

models. 

 
Table 7-4: Input parameters to the flow model 

Parameter Value used 

Horizontal Hydraulic conductivity (Kxy) 0.001 to 0.003 m/day 

Vertical Hydraulic conductivity (Kz) 0.0001 to 0.0003 m/day 

Specific storage coefficient (Ss) In the order of 1 x 10-5 

Specific yield (Sy) 0.002 - 0.3 

Recharge (Re) 30 to 42.5 mm/yr  

Porosity (n) (total) 0.1 - 0.3 

 
 

7.10 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. 

                                                 
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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In a catchment – regional 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.  

 
7.10.1 Calibration targets 

The calibration achieved for the flow and transport models are shown in Figure 7-3 and Figure 

7-4, below. There are a few outliers, however, the steady-state flow and transport models 

were successfully calibrated to a normalized RMS < 10%. Hence, the model can be regarded as 

a true representation of the hydrogeological system.  

 

 
Figure 7-3: Flow model calibration achieved 
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Figure 7-4: Transport model calibration achieved 
 
 
7.10.2 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 7-5 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 7-6): 

 The flow model is very sensitive to changes in recharge (Par0001) 

 The flow model is sensitive to changes in horizontal hydraulic conductivity (Kx and Ky) 

 The flow model is less sensitive to changes in storage and vertical hydraulic 

conductivity (Ss, Sy and Kz). 
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Figure 7-5: PEST Sensitivity Analysis - Histogram 
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Figure 7-6: 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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7.11 Calibrated flow and transport model  

The calibrated flow and transport ZOI for the project area, for the year 2018, is shown in 

Figure 7-7 and Figure 7-8. The following observations are made from the calibrated flow and 

transport models: 

 Groundwater flow towards the non-perennial streams in the area is observed. 

 The flow model indicates flow velocities ranging from 0.001 to 0.05 m/day. Hence, 

groundwater flow through the aquifer is slow. 

 The sulphate plume ZOI is localised to the discard and slurry disposal facilities, and 

concentration gradients tend to increase close to waste sources and gradually 

decreases further away. 

 

7.12 Scenario modelling 

The calibrated flow and transport models were used to model: 

 The predicted SO4 plume extent at closure phase of the mine; and 

 The 50 year and 100-year plumes after closure. 

 

The modelled SO4 plume extent at the closure phase (year 2025), 50 years after closure (year 

2075) and 100 years after closure (year 2125) is shown by Figure 7-9. The following summarises 

the prediction outputs: 

 Based on the current mine plan and maintenance plan, the ZOI at mine closure will 

remain mostly unchanged, compared to the 2018 calibration.  

o It is anticipated that the underground workings will only start to contribute to 

the mass transport once they are partially or fully flooded.  

o Based on the flooding assessment, this will most likely take place nearing the 

year 2030 – based on recharge calculations. 

 The 50Y and 100Y plumes indicate that the ZOI will gradually extend from the flooded 

underground workings, discard dump, slurry pond and opencast areas but remain 

localised in the Magdalena mine works area. 
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Figure 7-7: Magdalena Colliery - Calibrated flow model output 
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Figure 7-8: Magdalena Colliery - Calibrated transport model output 
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Figure 7-9: Magdalena Colliery – Predicted transport movement (closure, 50Y after closure and 100Y after closure) 
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8 CONCLUDING REMARKS 

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 groundwater level data.  

 Groundwater level data for 31 observation points within the Magdalena Colliery area 

were successfully applied.  

 Sulphate concentration data for more than 19 observation points within the Magdalena 

Colliery area were successfully applied to the mass transport model. 

 A calibration with a correlation between 0.94 to 0.97 ( 7 to 10 % - RMS) was achieved 

for the flow and transport 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 conceptual groundwater model and understanding of the aquifer was successfully 

updated by undertaking a review of work completed since the 2016 model. 

 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 models are assigned a Class 2 confidence level due to 

the numerous groundwater heads and transport concentration 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 zone of influence of the Magdalena Colliery 

was successfully simulated and presented in this report. 

 The following parameters were observed to be sensitive (refer to Section 7.10.2): 

o The flow model is very sensitive to changes in recharge (Par0001) 

o The flow model is sensitive to changes in horizontal hydraulic conductivity (Kx 

and Ky) 

o The flow model is less sensitive to changes in storage and vertical hydraulic 

conductivity (Ss, Sy and Kz). 
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9 GROUNDWATER RISKS AND MANAGEMENT 

As part of the geohydrological update the likely groundwater related risks at the Magdalena 

Colliery 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 E. 

 

9.1 Acid Mine Drainage 

Based on available geochemical data, Acid Mine Drainage (AMD) is highly likely to be associated 

with the exposed rock in the underground and opencast workings. 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 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 AMD. 

Saline drainage will be more likely to occur where sulphate concentration dominates the 

underground water quality after closure. It is normally restricted to the underground workings 

and only migrates away from the workings along zones of higher aquifer hydraulic conductivity.  
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9.2 Groundwater and acid mine 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 mine maintenance and 

closure; and to reduce likely AMD, the actions listed in Table 9-1 are proposed. 

 
Table 9-1: 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. 

 
 
9.2.1 General management 

The following general management strategies must be considered to manage any long-term 

AMD: 

 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. 

 Seal all boreholes, old ventilation shafts, old recue bays and mine portals/adits. These 

holes need to be plugged from the bottom where they intersect the workings and then 

grouted through to surface. It would be advantageous if the board can be backfilled 

(e.g. with ash) to give further support to the roof to reduce the risk of board failure 

which could destroy the plug and grouting thus allowing water to ingress into the 

workings. 
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 Shafts can be major sources of surface and groundwater ingress if not properly lined. 

Two typical shaft types are illustrated which are used on underground coal mines.  

o Vertical shafts for men, materials and ventilation. 

o Incline shafts for men, materials, coal conveying and ventilation. 

 Enough pillars must be left underground, as part of sound mine planning, to avoid 

subsidence of the roof to surface along the shallower areas (where underground mining 

is less than 40m from surface).  

o This will ensure that the rate of recharge to the underground workings remain 

at natural rates and will minimise decant from the workings post-closure. 

 
9.2.2 Site specific 

The focus areas for AMD management should be: 

 To reduce oxygen ingress into the old mine workings.  

 To reduce excessive rainfall recharge/inflows into the underground workings after 

flooding.   

 
9.2.3 Monitoring 

The focus of monitoring should be: 

1. Operational:  

a. Multiple-level monitoring wells must be constructed to monitor base-flow 

quality within the identified sensitive zones (Figure 5 1) and to monitor 

groundwater level behaviour in the underground workings.   

2. At and After Closure:  

a. Deep underground boreholes will only be required towards mine closure. 

3. Use the results of the monitoring programme to confirm/validate the predicted 

impacts on groundwater availability and quality after closure. 

4. Update existing predictive tools to verify long-term impacts on groundwater, if 

required. 
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9.3 Water treatment options 

Following a worst-case scenario approach, all mine decant and dewatered mine water will 

need to be treated before it is discharged into the receiving environment. This approach also 

compensates for the probability of re-opening the mine in future. 

Available water quality data shows that the water within the shallow underground workings 

(old Ngisana workings and Panel 500) is representative of AMD conditions with acidic pH values 

and high salt and metal concentrations (GCS,2018): 

 pH ranged from 2.6 to 2.7; 

 TDS ranged from 9 400 to 10 000 mg/l, SO4 = >7000 mg/l; 

 Iron (175 to 383 mg/l), Aluminium (125 to 151 mg/l), Manganese (29 to 33 mg/l). 

 

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 and preliminary cost estimates for implementation 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;  

 Capital expenditure (CAPEX); 

 Operational expenditure (OPEX); and 

 Waste generation. 

 
9.3.1 Active water treatment 

Active water treatment is highly effective at treating AMD, however, comes with high long-

term operational costs. Based on available chemistry data (low pH, high TDS, high Fe, Al and 

Mn) the following treatment options were considered: 

1. Reverse osmosis process: 
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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. 

 
9.3.2 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: 
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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. Passive underground mine-water purification (PUMPS): 

a. PUMPS is a semi-passive in-situ AMW purification system, that uses sulphate 

reducing bacteria for bioremediation of large volumes of AMD. PUMPS is 

designed to draw its operational energy from geothermal heat extracted from 

mines below the mines and to eventually convert the mines into clean water 

reservoirs.  

Figure 9-1: Limestone diversion well 

(retrieved from IMWA, 2018) 
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Figure 9-2: PUMPS semi-passive water treatment (retrieved from IMWA, 2018) 
 
 

10 RECOMMENDATIONS 

The following recommendations are made: 

 Continue with groundwater quality and groundwater level monitoring for a period of 

at least two to four years after the decommission phase to establish post-closure 

groundwater level and quality trends. 

o The monitoring information must be used to update, verify and recalibrate 

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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APPENDIX A: BOREHOLE LOGS 
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APPENDIX B: SAMPLE COC 
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APPENDIX C: GEOCHEMICAL TEST RESULTS 2018 
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APPENDIX D: NUMERICAL MODEL GRID 
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APPENDIX E: UPDATED GROUNDWATER RISK ASSESSMENT 

 

The likely groundwater impacts associated with the Magdalena Colliery (for the 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 11-1. The significance of the impact 

was determined by the formula below and was screened according to Table 11-2. 

 

SP (significance of impact) = (magnitude + duration + scale) x probability 

 

The likely impacts and significance of the impacts identified are added in Appendix E.  

 
Table 11-1: 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 

Scale: =S Probability: =P 
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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 11-2: 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 11-3: Magdalena Groundwater Risk Assessment 

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) 

Maintenance Phase 

Soil disturbance Magdalena 
Opencast and 
Adits 

Earthworks 
2 2 1 4 20 - L 

None. 
2 2 1 4 20 - L 

Hydrocarbon spills Magdalena 
Opencast and 
Adits 

Mechanised 
machinery 

2 2 1 4 20 - 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. 

2 2 1 2 10 - L 

Poor quality seepage from 
PCDs, discard dumps, rock 
dumps or temporary 
stockpiles into aquifer 

Magdalena 
Opencast and 
Adits 

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 

Poor quality mine drainage 
into nearby rivers/streams 

Magdalena 
Opencast and 
Adits 

Seepage 

4 1 2 2 14 - L 

Divert poor quality water to 
treatment facilities. 
Plug adits with impermeable 
material to prevent decant 
discharge (if it occurs). 
Water monitoring. 

4 1 2 2 14 - L 

Drawdown of the regional 
water table as the 
underground workings flood. 

 Underground 
Areas 

Aquifer 
drawdown 
(highly 
unlikely) 

6 5 2 0 0 - L 

Water monitoring. 

6 5 2 0 0 - L 

Decant from the underground 
workings. 

Magdalena 
Shallow 
Underground 
Areas 

Decant (highly 
unlikely) 

6 5 2 0 0 - L 

Water monitoring. 

6 5 2 0 0 - L 

Subsidence of surface 
topography above 
underground workings 

Magdalena 
Shallow 
Underground 
Areas 

Collapsible 
Soils 

4 1 1 5 30 - M 

Do not stoop coal in areas 
situated < 30 mbgl underground. 

4 1 1 1 6 - 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 seepage or mine 
drainage into groundwater 
aquifer. 

Rehabilitated 
opencast, 
discard, spoils 
and adit areas.  
Flooded 
underground 
workings 

Seepage 

4 5 2 4 44 - M 

Water monitoring. 

4 5 2 4 44 - M 

Decant from the underground 
workings. 

Magdalena 
Shallow 
Underground 
Areas 

Decant (highly 
unlikely) 

6 5 2 0 0 - L 

Water monitoring. 

6 5 2 0 0 - L 

Drawdown of the regional 
water table as the 
underground workings flood. 

 Underground 
Areas 

Aquifer 
drawdown 
(highly 
unlikely) 

6 5 2 0 0 - L 

Water monitoring. 

6 5 2 0 0 - L 
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1 INTRODUCTION 

 

1.1 Project Background 

 

The Magdalena Colliery is an existing coal mine located approximately 22km north of the 

town of Dundee and approximately 325km east-northeast of the City of Durban, in the 

province of KwaZulu-Natal. The Colliery is located in the magisterial district of Amajuba 

and the local municipality of Dannhauser.  

 

The mine operator and applicant, Zinoju Coal (Pty) Ltd (hereafter referred to as ‘Zinoju’) 

intend to extend their open cast workings into Farm Alleen 2 No. 4280 (Figure 1). The 

proposed mining extension requires environmental authorisation subject to an 

Environmental Impact Assessment (EIA) and as such GCS Water & Environment (Pty) Ltd has 

been appointed by the applicant as the Environmental Assessment Practitioner (EAP) 

responsible for conducting and facilitating the EIA. As part of the EIA process, GCS require a 

desktop ecological assessment to provide background information on the ecosystems and 

habitats onsite and their potential conservation value. A desktop survey is considered 

satisfactory at this stage due to the highly transformed nature of Farm Alleen 2 (hereafter 

referred to as the ‘project site’). This report presents the findings of the desktop ecological 

assessment.  

 

1.2 Project Description 

 

The existing mining area is planned to be extended northwards by a total of 180 ha onto 18 

portions of the Farm Alleen 2 No. 4280 (Figure 1). The opencast extension area will be 

2350m long by 315m wide extending north from the existing open cast pit with an 

approximate area of 74ha. Planned mining will include 106ha of underground mining. The 

land is currently used by the local community for informal housing and grazing.  

 

1.3 Scope of Work 

 

The scope of work of the desktop assessment was to: 

 

• Undertake a desktop delineation and mapping exercise of the potential vegetation 

communities and faunal habitats within the study area;  

• Review all available literature, documentation and spatial datasets related to the study 

area in order to gain a preliminary understanding of the vegetation communities and 

faunal habitats present on the site;  
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• Identify and describe the potential impacts of the proposed mining on the ecological 

systems onsite; and  

• Provide preliminary mitigation measures to avoid, minimise, repair and/or offset the 

severity/magnitude of the potential impacts on the delineated wetland areas.  

   

1.4 Limitations of the Study 

 

The desktop assessment involved a survey of existing literature and spatial datasets related 

to the site which were refined after an analysis of the colour aerial photography of the site. 

A rapid site walkover along the main road that traverses the site from west to east along 

the northern boundary of the proposed mining strip was conducted to confirm the desktop 

findings but no formal vegetation or faunal sampling was undertaken. Therefore, there are 

inherent limitations and uncertainties with the findings and conclusions made, particularly 

regarding site specifics.  

 

Firstly, the spatial datasets utilised are predominantly coarse scale and provide local to 

regional indications of flora and fauna distributions. Furthermore, the flora and fauna 

databases for the site were generally limited.  

 

Secondly, the use of colour aerial photography and 20m contours to refine the coarse scale 

datasets as well as gauge the state of the habitats has limitations, particularly the two 

dimensional nature of photographs and the subjective nature of aerial photographic 

interpretation.  

 

2 KEY ECOLOGICAL TERMS AND CONCEPTS 

 

For the purposes of this desktop ecological study, the units of identification and assessment 

were vegetation communities and faunal habitats and species. These concepts and key 

related concepts are briefly defined and discussed below.  

 

2.1 Species 

 

A species is a group of interbreeding organisms that do not ordinarily breed with members 

of other groups.  
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2.2 Populations 

 

A population is a collective group of interbreeding organisms found in a particular locality 

at a certain time.  

 

2.3 Communities 

 

A community consists of populations of organisms inhabiting a common environment and 

potentially interacting with one another. It is a recognizable unit or group of organisms in 

space.  

 

2.4 Ecosystems 

 

An ecosystem is any definable ecological system or unit that consists of all organisms/biota 

(species, populations, communities) in a given area, the abiotic/physical environment 

(light, minerals, soil, water etc.) within that area, and the interactions and energy flows 

between these biotic and abiotic factors. An ecosystem's abiotic and biotic composition and 

structure is determined by the state of a number of interrelated environmental factors. 

Changes in any of these factors (e.g. nutrient availability, temperature, light intensity, 

grazing intensity, and species population density) will result in dynamic changes to the 

nature of these systems.  

 

2.5 Habitats 

 

A habitat is a definable environmental area that is inhabited by, and supplies the needs of, 

a particular species of animal, plant, or other type of organism. A habitat is made up of 

physical factors such as soil, moisture, range of temperature, and availability of light as 

well as biotic factors such as the availability of food and the presence of predators. The 

habitat must supply the needs of organisms, such as food, water, temperature, oxygen, and 

minerals. If the population's needs are not met, it will move to a better habitat.  

 

2.6 Biodiversity 

 

Biological diversity, or biodiversity, is simply the variety of life in all its forms. It is a broad 

unifying concept, encompassing all forms, levels and combinations of natural variation, at 

all levels of biological organization (Gaston, 2010). Biodiversity can be simply defined as 

“The variety of life in an area, including the number of different species, the genetic 
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wealth within each species, and the natural areas where they are found” Kotze et al. 

(2009). 

 

3 ENVIRONMENTAL CONTEXT OF THE STUDY AREA 

 

3.1 Climate 

 

The project site is located within the Sub-escarpment Grassland Bioregion as defined by 

Mucina and Rutherford (2009), within the greater grassland biome of South Africa. This 

bioregion has been divided into a number of vegetation units based on climate, topography 

and geology. The project site is located within the Income Sandy Grassland (Gs 7) 

vegetation unit, which experiences summer rainfall with most rainfall occurring between 

October and March, much of which falls as thundershowers (Mucina & Rutherford, 2006). 

Mean annual precipitation is 750mm and mean annual potential evaporation is 1845mm 

(Mucina & Rutherford, 2006). The area is characterised by moderate frost. 

 

3.2 Topography, Drainage and Watercourses 

 

The local topography is characterised by relatively gently sloping and undulating surfaces 

bisected by drainage lines and punctuated with small table-like mountains and escarpments 

that are characterised by moderately to steeply sloping hillsides and mountain slopes. The 

existing Magdalena Colliery is located along the base and lower slopes of the eastern and 

north-eastern edge of Mount Johanna, a relatively small, oval-shaped mountain 

characterised by moderately steep slopes and a gently sloping and undulating plateau. The 

project site is located immediately west-north-west of the existing open cast workings and 

is similarly planned to extend across the lower slopes of Mount Johanna, along its northern 

edge.  

 

The topography of the project site comprises a gently sloping to gently undulating plain-like 

surface that abuts a narrow spur that is characterised by moderately-steep slopes. The spur 

extends into the project site from the south and forms part of the northern edge of the 

escarpment that runs in a west-east direction.   

 

The majority of the site comprises a gently sloping surface that is bisected by a number of 

south-north draining, non-perennial stream channels and gullies that are heavily incised and 

eroded. These channels are first order streams that coalesce downstream of the site to 

form the Poonaspruit, which is also a non-perennial stream.  
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From a drainage perspective, the project site is located within the headwaters of the 

Poonaspruit that is a left-bank tributary of the non-perennial Bloubankspruit. The 

Bloubankspruit is a left-bank tributary of the perennial Buffels River. From a catchment 

perspective, the site is located within the greater Thukela River catchment and more 

specifically the Buffels River sub-quaternary catchment No. 2575, within quaternary 

catchment V32D. 

 

3.3 Geology and Soils 

 

The local area is underlain by sediments of the Vryheid Formation. The Vryheid formation, 

part of the Ecca Group, is represented by alternating beds of shale, mudstone and a variety 

of fine grained to gritty feldspathic sandstones, carbonaceous shales and coal. Three coal 

seams; namely the Leader, Top seam and Bottom seam, occur within the region. The soil 

nutrient status of the sandy soils is poor and drainage in many areas is poor where sandy 

topsoils override subsoils with high clay content. 

 

3.4 Vegetation Types 

 

The project site is located within the Income Sandy Grassland vegetation unit as defined by 

Mucina & Rutherford (2006). The majority of the natural grassland has been cleared and/or 

transformed by rural development and overgrazing and associated erosion, and only small 

degraded/secondary patches remain in the steeper slopes.  

 

3.5 Land Cover and Land Use  

 

Prior to mining of coal in this area, the middle and upper mid-slopes of the escarpment 

above the mine were used for grazing, while the more productive land in the gently sloping 

plain below escarpment was used for the cultivation of maize and other market related 

products. Due to the topography and the nature of the soils, intense farming has not taken 

place on large portions of the area. The physical and chemical nature of the soils and 

erratic climate render these areas agriculturally poor. Presently, the mine is surrounded by 

moderate to low density rural settlements consisting of traditional homesteads (imzi) and 

more formalised houses.  

  

The proposed site for the opencast extension at Alleen 2 is previously disturbed, and 

consists of rural settlements (Anville).  Large portions of the land have evidence of misuse 

in terms of large erosion gullies and overgrazing.  Some subsistence farming (maize) and 

grazing occurs on site. Local access roads are present throughout the site.  
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Figure 1: Study Area & Environmental Features 
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4 METHODOLOGY 

 

4.1 Desktop Assessment 

 

A comprehensive review of relevant available ecological information on the study area was 

interrogated to provide information on the anticipated extent, characteristics and 

importance of the vegetation communities and habitats onsite.  

 

4.1.1 Freshwater Ecosystems 

 

Information on the location, extent and conservation importance of the local streams, 

rivers and wetlands were extracted from the following data sources: 

 

• 2010 colour aerial photography; 

• National Geo-spatial Information (NGI) 1:50 000 topographical series; 

• National Freshwater Ecosystems Priority Areas Project (NFEPA) (CSIR, 2011); and 

• KwaZulu-Natal Freshwater Systematic Conservation Plan (Ezemvelo KZN Wildlife, 2007). 

 

A rapid site walkover was conducted to confirm the above desktop findings.  

 

4.1.2 Terrestrial Ecosystems 

 

Information on the vegetation types and communities for the area were extracted from the 

following data sources: 

 

• 2010 colour aerial photography; 

• KwaZulu-Natal Pre-transformation Vegetation Map (Ezemvelo KZN Wildlife, 2011); 

• South African National Vegetation Map (Mucina and Rutherford 2006); 

• Landcover of KwaZulu-Natal (Ezemvelo KZN Wildlife, 2008); and 

• KwaZulu-Natal Transformation (Ezemvelo KZN Wildlife, 2008). 

 

Information on the conservation status and importance of the vegetation types and 

communities for the area were extracted from the following data sources: 

 

• KwaZulu-Natal Terrestrial Systematic Conservation Plan (Ezemvelo KZN Wildlife, 2010); 

• List of Threatened Terrestrial Ecosystems – Original Extent (SANBI, 2011); 

• List of Threatened Terrestrial Ecosystems – Remaining Extent (SANBI, 2011); 

• National Biodiversity Assessment (SANBI, 2012); 
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• National Protected Areas Expansion Strategy (NPAES) (2008); 

• Critical Biodiversity Areas & Ecological Support Areas coverage, 2011; and 

• Biodiversity & Mining Guidelines – Biodiversity Priority Areas (SANBI, 2012). 

 

4.1.3 Flora and Fauna 

 

Information on animal and plant species recorded for the Quarter Degree Square (QDS) 

2730CC was extracted from the SABIF/SIBIS and POSA databases hosted by SANBI. These 

databases include the various botanical databases housed within SANBI as well as those 

from various herbaria and museums.  

 

Other faunal data sources interrogated for the Quarter Degree Square (QDS) 2730CC 

included a number of conservation and citizen science databases run and facilitated by the 

Animal Demographic Unit of the University of Cape Town. These included: 

 

• South African Bird Atlas Project 1 (SABAP 1);  

• South African Bird Atlas Project 2 (SABAP 2);  

• South African Reptile Conservation Assessment (SARCA); 

• South African Frog Assessment Project (SAFAP);  

• South African Butterfly Assessment Project (SABAP); and  

• South African Mammal Map. 

 

In addition, to these databases, the Important Bird Areas of Southern Africa (IBA’s) (Bird 

Life South Africa, 1998) was also interrogated.  

 

Information on threatened and red data plant and animals species for the area was 

extracted from the following data sources: 

 

• KwaZulu-Natal Terrestrial Systematic Conservation Plan (Ezemvelo KZN Wildlife, 2010); 

• South African Red Lists for Birds, Mammals, Reptiles & Amphibians, Butterflies and 

Plants; and  

• International Union for the Conservation of Nature (IUCN) Red Lists. 

 

4.1.4 Impact Assessment 

 

The impacts of the proposed mining activity on the health/state of the freshwater and 

terrestrial habitats were assessed utilising an impact assessment method that provides an 

indication of potential significance. For this impact assessment, significance was 
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determined by aggregating the scores of four criteria, namely magnitude, duration, scale 

and probability. The impact assessment criteria, their descriptions and their scoring values 

are summarised in Table 1 below.  

 

Table 1: Impact Assessment Criteria Description and Rating System 
Score Rating Description 

Impact Importance (Imp) 

5 High 

The affected systems are near pristine and/or have numerous qualities which 
make them extremely valuable from an ecological and/or social (resource) 
perspective (i.e. the ecosystem services and goods provided are of high to very 
high importance). 

4 Medium-High 
The affected systems have qualities which make them highly valuable from an 
ecological and/or social (resource) perspective (i.e. the ecosystem services and 
goods provided are of moderately-high importance). 

3 Medium 
The affected systems have certain qualities which make them ecologically and/or 
socially valuable (i.e. the ecosystem services and goods provided are of moderate 
importance). 

2 Medium-Low 
The affected systems are of mild (moderately-low) importance in terms of 
ecological and/or social (resource) importance (i.e. the ecosystem services and 
goods provided are of mild/moderately low importance). 

1 Low 
The affected systems have very little value in terms of ecological and/or social 
(resource) importance (i.e. the ecosystem services and goods provided are of low 
importance). 

Intensity (I) 

5 High 

Impact affects the continued viability of the systems/components and the 
quality, use, integrity and functionality of the systems/components permanently 
ceases and are irreversibly impaired (system/population collapse). Rehabilitation 
and remediation often impossible. If possible rehabilitation and remediation 
often unfeasible due to extremely high costs of rehabilitation and remediation. 

4 Medium-High 

Impact affects the continued viability of the systems/components and the 
quality, use, integrity and functionality of the systems/components are severely 
impaired and may temporarily cease. High costs of rehabilitation and 
remediation, but possible. 

3 Medium 

Impact alters the quality, use and integrity of the systems/components but the 
systems/ components still continue to function but in a moderately modified way 
(integrity impaired but functionality and major key processes/drivers 
maintained). 

2 Medium-Low 
Impact alters the quality, use and integrity of the systems/components but the 
systems/ components still continue to function in a slightly modified way and 
maintain original integrity (no/limited impact on integrity). 

1 Low 
Impact affects the quality, use and integrity of the systems/components in a way 
that is barely perceptible. 

Duration (D) 

5 Permanent 
The only class of impact that will be non-transitory. Mitigation either by man or 
natural process will not occur in such a way or such a time span that the impact 
can be considered transient (Indefinite). 

4 Long-term 
The impact and its effects will continue or last for the entire operational life of 
the development, but will be mitigated by direct human action or by natural 
processes thereafter (30 – 100 years). 

3 Medium-term 
The impact and its effects will continue or last for some time after the 
construction phase but will be mitigated by direct human action or by natural 
processes thereafter (10 – 30 years). 

2 Medium-short 
The impact and its effects will continue or last for the period of a relatively long 
construction period and/or a limited recovery time after this construction period, 
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Score Rating Description 

thereafter it will be entirely negated (5 – 10 years). 

1 Short-term 

The impact and its effects will either disappear with mitigation or will be 
mitigated through natural process in a span shorter than the construction phase 
(0 – 1 years), or the impact and its effects will last for the period of a relatively 
short construction period and a limited recovery time after construction, 
thereafter it will be entirely negated (0 – 5 years). 

Scale / Extent (S) 

5 
National & 

International 
Effects of an impact experienced within a large geographic area beyond national 
boundaries and occurring at national scale (500km radius of the site). 

4 
Municipal & 
Provincial 

Effects of an impact experienced within the region beyond municipal and 
provincial boundaries and occurring at a municipal and provincial scales (e.g. 
between a 100km to 500km radius of the site). 

3 
Town & 

Suburban 
Effects of an impact experienced within the local town or suburban area (e.g. 
between a 5km to 50km radius of the site). 

2 Local 
Effects of an impact experienced within the local area (within 5km radius of the 
site).  

1 
Site & 

Surrounds 
Effects of an impact are experienced within or in close proximity (100m) to the 
project site. However, the size of the site needs to be taken into account.  

Probability / Likelihood (P) 

5 Definite Impact will certainly occur (Greater than 90% chance of occurrence). 

4 Probable The impact will likely occur (Between a 70% to 90% chance of occurrence). 

3 Possible 
The impact may/could occur and has occurred elsewhere under the same 
conditions (Between a 40% to 70% chance of occurrence). 

2 Unlikely 
The chance of the impact occurring is moderately-low (Between a 20% and 40% 
chance of occurrence). 

1 Improbable 
The chance of the impact occurring is extremely low (Less than a 20% chance of 
occurrence). 

SIGNIFICANCE = (I+D+S+P) x Imp 

>72 High 
Totally unacceptable. Impact should be avoided and limited opportunity for 
offsets.  

60 - 72 Medium-High 
Generally to totally unacceptable. Ideally impact should be avoided unless offset 
by positive gains in other aspects of the environment that are of very to critically 
high importance i.e. national or international importance.   

45 - 59 Medium 
Undesirable to generally unacceptable. Ideally impact should be avoided unless 
offset by positive gains in other aspects of the environment that are of 
moderately-high to high importance.   

32 - 44 Medium-Low Acceptable. 

4 - 31 Low Acceptable. 

 

 

5 DESKTOP ECOLOGICAL ASSESSMENT 

 

5.1 Freshwater Ecosystems (Riverine & Wetland Systems) 

 

5.1.1 Review of NGI 1:50000 Series and Aerial Photography 

 

In terms of watercourses, the site is bisected by a number of incised, unnamed first-order 

ephemeral channels and erosion gullies (Figures 2 & 3). The onsite channels and their 

associated aquatic and riparian habitats appear to have been completely transformed by 
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intense bed and bank erosion and associated headward gulley erosion (Figures 2 & 3). 

Aerial photography indicates that the aquatic, riparian and wetland habitats that would 

have existed along the stream channels and drainage lines have largely been eroded out. 

Channel and gully erosion across the site is likely result of a combination of prolonged 

overgrazing, over use of common cattle paths, poor management and control of stormwater 

from informal roads, and the high erodibility of the soils, particularly those on the 

mountain slopes.  

 

The heavily incised and eroded streams ad gullies that drain the site join downstream to 

form the Poonaspruit. Like the onsite channels, the Poonaspruit channel has been 

substantially eroded and widened as a result of increased rates of erosion and no natural 

aquatic and riparian habitats remain. Similarly, the Bloubankspruit has also been 

transformed by increased rates of erosion.  

 

No wetland areas appear to be present on or immediately downstream and/or adjacent to 

the project site.  

 

Following a raid site walkover, all of the watercourses observed were incised and had 

eroded down to bedrock. Plates of the impacted watercourses are shown below.  
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5.1.2 National Freshwater Ecosystem Priority Areas Project (NFEPA) 

 

Currently, there is no data on the Present Ecological State of the Poonaspruit and 

Bloubankspruit. However, based on aerial photography, it is clear that these streams are 

severely modified. The Present Ecological State of the Buffels River at its confluence with 

the Bloubankspruit is classified as ‘Largely Natural’ (Class B) (CSIR, 2011). However, it is 

expected that the Bloubankspruit is discharging elevated sediment and pollutant loads into 

the Buffels River at this point, contributing to some modification.  

 

According to the National Freshwater Ecosystem Priority Areas (NFEPA) (CSIR, 2011), the 

sub-catchment within which the project site falls is a Fish Support Area (FSA) (Figure 4). In 

this case, the sub-catchment is classified as a FSA because it is considered important for 

the migration of threatened or near-threatened fish species, but is not a fish sanctuary. 

Fish sanctuaries are rivers that are essential for protecting threatened and near-threatened 

freshwater fish that are indigenous to South Africa. 

 

In terms of wetlands, the National Wetland Map 4 from the NFEPA indicates that there are 

no wetlands within or in the vicinity of the project site. In terms of downstream wetland 

habitats that might be affected by hydrological changes onsite, the closest wetland is the 

floodplain wetland located along the Buffels River, at the confluence of the Bloubankspruit 

with the Buffels River. Two wetlands are located closer to the site, but are not actually 

located along the Poonaspruit and Bloubankspruit and as such will not be impacted.   

 

5.1.3 KZN Freshwater Conservation Plan 

 

Ezemvelo KZN Wildlife’s Freshwater Systematic Conservation Plan (SCP) (EKZNW, 2007) 

classifies the project to fall within planning unit 1456 as being ‘Available’ (i.e. 

untransformed biodiversity areas but not optimally required to meet biodiversity targets). 

The implications of this for the project is that the ‘available’ portions are available for 

development. 
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Figure 2: Watercourses Shown on the 1:50000 Maps 
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Figure 3: Drainage Lines Delineated from Aerial Photography 
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Figure 4: NFEPA Rivers, Wetlands and Sub-Quaternary Catchment Status 
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5.2 Vegetation Types and Communities 

 

5.2.1 Broad Scale Vegetation Types 

 

According to both the KZN Pre-transformation Vegetation Map (Ezemvelo KZN Wildlife, 

2011) and the SA National Vegetation Map (Mucina and Rutherford 2006), the project site 

falls within the Income Sandy Grassland vegetation type (KZN Veg Type 10 or National Veg 

Type Gs 7) that is located within the Sub-Escarpment Grassland Bioregion and the greater 

Grassland Biome (Figure 5).   

 

The Income Sandy Grassland occurs in a large triangle between Newcastle, Vryheid and 

Dundee and larger polygon in the Wasbank area in northern KwaZulu-Natal at an altitude 

range of 880–1 340 m (mainly 1 120–1 240 m) (Muchina and Rutherford, 2006). The 

vegetation type is associated with very flat extensive areas generally characterised by 

shallow, poorly drained, sandy soils that support low, tussock-dominated sourveld forming a 

mosaic with Acacia sieberiana var. woodii wooded grasslands and (Muchina and Rutherford, 

2006). 

 

Its historical coverage is 463,487.24ha with 44.59% natural habitat remaining. The 

conservation status of the vegetation type is classified as ‘Vulnerable’ (Muchina and 

Rutherford, 2006). This is due to the fact that the conservation target of 23.56% has not 

been attained as none of the vegetation type is conserved in statutory conservation areas. 

Some 55.41% has been transformed for cultivation, plantations and by urban sprawl. A small 

portion of the area has been lost to the building of dams (Klipfontein, Mvunyane). No 

serious infestations of invasive alien plants have been observed, probably due to the low 

nutrient status of soils. 

 

5.2.2 Desktop Vegetation Communities 

 

In terms of landcover, the KZN landcover dataset indicates that the majority of the project 

site comprises low density rural settlement and rural subsistence, particularly in the low 

gradient areas below (north of) Mount Johanna (Figure 6). The landcover in the southern 

parts of the site associated with the mountain slope are less developed and predominately 

comprise degraded grassland and extensive networks of erosion gullies (dongas), with 

isolated patches of intact grassland occurring to a lesser extent (Figure 6).  
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A review of colour aerial photography generally confirms the landcover data with the 

majority of the site being transformed by low density rural development and associated 

subsistence activities (Figure 7). The north-facing slopes are less developed but have been 

severely impacted by gulley erosion and as such patches of degraded secondary grassland 

and secondary bush encroached grassland remain in un-eroded areas. The isolated patches 

of intact grassland picked up by the landcover dataset do not appear to be present. The 

only somewhat intact secondary vegetation communities that may show some resemblance 

to Income Sandy Grassland are the patches of grassland along the slopes of the spur in the 

southern parts of the site referred to as ‘intact secondary grassland’ (Figure 7). However, 

without a field assessment it is impossible to be sure.  

 

The following broad vegetation communities can be identified based on a review of 

available aerial photography and satellite imagery: 

 

• Intact secondary grassland; 

• Eroded secondary grassland; 

• Eroded woody encroached secondary grassland; 

• Secondary dense closed woody vegetation; 

• Bare and sparsely vegetated erosion gullies, dongas and channels; and 

• Rural settlement and farming areas. 

 

Intact secondary grassland: 

 

An intact patch of secondary grassland is present in the southern parts of the site on the 

north-facing slopes of the spur as shown in Figure 7. The grassland appears to have been 

disturbed by some erosion and ongoing rural related disturbance like too-regular burning 

and overgrazing. However, unlike most of the site, erosion within the patch appears to have 

been moderately-low to moderate. It is likely that that the natural Income Sandy Grassland 

species assemblages have been altered and transformed but certain species typical of 

Income Sandy Grassland may be present. It is expected that the natural herbaceous 

diversity of the grassland is substantially reduced and limited. 

 

Eroded secondary grassland: 

 

The rest of the grassland patches have been transformed due to overgrazing and erosion 

and exist as small isolated patches interspersed between the erosion gullies and woody 

encroached areas. It is expected that these grasslands are dominated by typical increaser 
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species (e.g. Cynodon dactylon, Sporobolous africana, Eragrostis curvula and Melinis 

repens) and weedy herbaceous species, and that basal cover is substantially reduced. 

 

Eroded woody encroached secondary grassland: 

 

This community appears to be similar to the eroded grassland community described above 

except that the grassland has been invaded by woody shrubs and tree species, likely as a 

result of the exclusion of fire and/or edaphic (soil related) factors (e.g. shallow, rocky 

soils). The woody component of this community is expected to be dominated Acacia karoo 

trees and the grass component by typical increaser species for the area, namely Cynodon 

dactylon, Sporobolus africanus, Eragrostis curvula and Melinis repens.  

 

Dense closed woody vegetation: 

 

Throughout the above woody encroached secondary grassland community, there are small 

patches of dense woody vegetation that appear more closed in nature (Figure 7). It is 

expected that these denser patches have a handful of additional tree species in addition to 

Acacia karoo and that the grassy layer is sparser but resembles the generalist and increaser 

dominated species assemblages of the woody encroached grassland community described 

above.  

 

Bare and sparsely vegetated erosion gullies, dongas and channels: 

 

These areas are characterised by patchy, highly disturbed, secondary grasslands and woody 

patches dominated by typical increaser and weedy species.  

 

Rural settlement and farming areas: 

 

These areas have been cleared in the past for rural development and farming and are 

characterised by patchy, highly disturbed, secondary grasslands and woody patches 

dominated by typical increaser and weedy species.  
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Figure 5: National Vegetation Types 
  



<Double-click here to enter title>

30°14'0"E30°13'0"E30°12'0"E30°11'0"E30°10'0"E30°9'0"E30°8'0"E

2
7
°
5
5
'0

"S
2
7
°
5
6
'0

"S
2
7
°
5
7
'0

"S
2
7
°
5
8
'0

"S
2
7
°
5
9
'0

"S
FIGURE 5: NATIONAL VEGETATION TYPES

·

SCALE:

DATE:

DATUM:
PROJECTION:
LO:

CLIENT:

PROJECT:

NOVEMBER 2013

WGS84
TRANSVERSE MERCATOR
29

FORBES COAL

MAGDALENA ALLEEN 2 OPEN CAST

1:54 615

0 500 1 000 1 500250 Meters

MAP NUMBER:

Data Sources:

13-727/F5-01

FIGURE NO.: 5

REVIEWED BY:

DRAWN BY:
R. EDWARDS
WETLAND SPECIALIST

P. LABUSCHAGNE
DIRECTOR

4a Old Main Road
Judges Walk
Kloof, 3610
South Africa 

 T• +27(31) 764-7130
F• +27(31) 764-7140

Legend

Proposed OC Workings Expansion

Study Area

National Vegetation Types

Income Sandy Grassland

Northern KwaZulu-Natal Moist Grassland



Zinoju Coal (Pty) Ltd   Proposed Alleen 2 Open Cast Extension – Magdalena Colliery  
  

13-727 15 April 2014 Page 20 

Figure 6: National Landcover 
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Figure 7: Desktop Vegetation Communities 
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5.2.3   Floral Species Composition 

 

The climax vegetation type of the site comprises Income Sandy Grassland. The important 

taxa that occur within this vegetation type are listed in Table 2 below.  

 

Table 2: Income Sandy Grassland Important Taxa (Mucina & Rutherford, 2006) 

Taxon Name Growth Form 

Andropogon appendiculatus Graminoids 

Brachiaria serrata Graminoids 

Cynodon dactylon Graminoids 

Digitaria monodactyla Graminoids 

Digitaria tricholaenoides Graminoids 

Eragrostis curvula Graminoids 

Eragrostis gummiflua Graminoids 

Eragrostis plana Graminoids 

Eragrostis racemosa Graminoids 

Heteropogon contortus Graminoids 

Hyparrhenia hirta Graminoids 

Loudetia simplex Graminoids 

Paspalum scrobiculatum Graminoids 

Tristachya leucothrix Graminoids 

Alloteropsis semialata subsp. eckloniana Graminoids 

Andropogon eucomus Graminoids 

Andropogon schirensis Graminoids 

Aristida congesta Graminoids 

Aristida congesta Graminoids 

Aristida junciformis subsp. galpinii Graminoids 

Cymbopogon caesius Graminoids 

Diheteropogon amplectens Graminoids 

Diheteropogon filifolius Graminoids 

Elionurus muticus Graminoids 

Eragrostis capensis Graminoids 

Eragrostis chloromelas Graminoids 

Eragrostis planiculmis Graminoids 

Eragrostis sclerantha Graminoids 

Harpochloa falx Graminoids 

Melinis repens subsp. repens Graminoids 

Microchloa caffra Graminoids 

Monocymbium ceresiiforme Graminoids 

Panicum natalense Graminoids 

Perotis patens Graminoids 

Pogonarthria squarrosa Graminoids 

Setaria nigrirostris Graminoids 

Sporobolus africanus Graminoids 
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Taxon Name Growth Form 

Stiburus conrathii Graminoids 

Themeda triandra Graminoids 

Trichoneura grandiglumis Graminoids 

Helichrysum rugulosum Herbs 

Berkheya onopordifolia var. glabra Herbs 

Berkheya setifera Herbs 

Chamaecrista mimosoides Herbs 

Dicoma anomala Herbs 

Dicoma anomala Herbs 

Euryops transvaalensis subsp. setilobus Herbs 

Helichrysum caespititium Herbs 

Helichrysum cephaloideum Herbs 

Helichrysum simillimum Herbs 

Hermannia depressa Herbs 

Hermannia transvaalensis Herbs 

Kohautia amatymbica Herbs 

Kohautia virgata Herbs 

Macledium zeyheri subsp. Argyrophyllum Herbs 

Pentanisia prunelloides subsp. latifolia Herbs 

Senecio coronatus Herbs 

Zornia capensis Herbs 

Zornia capensis Herbs 

Rhynchosia totta Herbaceous Climber 

Rhynchosia totta Herbaceous Climber 

Hypoxis rigidula var. pilosissima Geophytic Herb 

Anthospermum rigidum subsp. pumilum Low Shrubs 

Stoebe plumosa Low Shrubs 

 

As the site appears to be largely transformed with little natural climax vegetation 

remaining, it is expected that only a few of the above listed species will be present in the 

assemblages of the remaining patches of intact secondary grassland communities as shown 

in Figure 8. It is expected that the natural herbaceous diversity of the grassland is 

substantially reduced and limited. 

 

Information obtained from the SABIS database indicates the known presence of only 210 

plant species within the 2730CC QDS. The complete SABIS plant species list for the QDS is 

included in Appendix A.  
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5.3 Fauna 

 

5.3.1 Birds 

 

The project site occurs within Pentads 2755_3005 and 2755_3010 (Appendix B). According 

to the species lists for these pentads generated as part of the SABAP 2, a total of 66 bird 

species have been recorded in the local area. However, it is important to note that both 

the 2755_3005 and 2755_3010 species lists are based on single 2hr atlas in November 2009 

by Chris van Rooyen. Therefore, the lists can be considered to be very limited.  

 

5.3.2 Mammals 

 

No mammal records for QDS 2730C are available. The closest QDS with mammal records is 

2870CA, which was used as a proxy for the local area because it is of similar vegetation and 

topography. According to the species lists for QDS 2730CA generated a part of the 

MammalMap, a total of 5 mammal species are known to occur in the QDS as listed in Table 

3 below.  

 

Table 3: List of mammal species recorded within QDS 2730CA as part of MammalMap 

Genus Species Common name Red list category No. records 

Cynictis penicillata Yellow Mongoose Least Concern 4050 

Galerella sanguinea Slender Mongoose Least Concern 2025 

Lutra maculicollis Spotted-necked Otter Near Threatened 2025 

Raphicerus campestris Steenbok Least Concern 2025 

Sylvicapra grimmia Common Duiker Least Concern 2025 

 

5.3.3 Reptiles 

 

According to the reptile species lists for QDS 2730CC generated a part of the SARCA, a total 

of 2 reptile species are known to occur in the QDS. This indicates that the reptile species 

data for the QDS is limited. For this reason, the list was supplemented with the neighboring 

QDS 2830AA list as the 2830AA QDS is of similar vegetation and topography. A total of 15 

mammal species are known to occur in the local area as listed in Table 4 below.  
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Table 4: List of reptile species recorded within QDS 2730CA & 2830AA as part of SARCA 

Genus Species Common name Red list category No. records 

Crotaphopeltis hotamboeia 
Red-lipped 
Snake Not Evaluated 2025 

Hemachatus haemachatus Rinkhals Not Evaluated 4050 

Aparallactus capensis 

Black-headed 
Centipede-
eater Not Evaluated 2025 

Chamaeleo dilepis 

Common Flap-
neck 
Chameleon Not Evaluated 2025 

Boaedon capensis 
Brown House 
Snake Not Evaluated 2025 

Dasypeltis scabra 
Rhombic Egg-
eater Not Evaluated 4050 

Lamprophis aurora 
Aurora House 
Snake Not Evaluated 2025 

Lycodonomorphus laevissimus 
Dusky-bellied 
Water Snake Not Evaluated 2025 

Lycodonomorphus rufulus 
Brown Water 
Snake Not Evaluated 4050 

Psammophylax rhombeatus 
Spotted Grass 
Snake Not Evaluated 4050 

Pseudaspis cana Mole Snake Not Evaluated 4050 

Hemachatus haemachatus Rinkhals Not Evaluated 4050 

Gerrhosaurus flavigularis 

Yellow-
throated Plated 
Lizard Not Evaluated 6075 

Bitis arietans Puff Adder Not Evaluated 4050 

Causus rhombeatus 
Rhombic Night 
Adder Not Evaluated 4050 

 

5.3.4 Frogs 

 

According to the species lists for QDS 2730CC generated a part of the SAFAP, a total of 10 

frog species are known to occur in the QDS as listed in Table 5 below. This indicates that 

the frog species data for the QDS is limited. For this reason, the list was supplemented with 

the neighboring QDS 2830AA list as the 2830AA QDS is of similar vegetation and topography.  

 

Owing to the highly disturbed nature of the site and the poor state of the freshwater 

ecosystems, as well as the limited diversity of frog habitat, frog diversity is expected to be 

low and only common hardy and resilient species like the Guttural Toad (Bufo gutturalis) 

can be considered to be present onsite and sensitive and specialized species absent.  
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Table 5: List of frog species recorded within QDS 2730CC & 2830AA as part of SAFAP 

Genus Species Red Data Status Locus No. of Records 

Afrana angolensis Least Concern 2730CC 1 

Afrana fuscigula Least Concern 2730CC 2 

Afrana angolensis Least Concern 2830AA 6 

Breviceps adspersus Least Concern 2830AA 2 

Bufo gutturalis Least Concern 2730CC 1 

Bufo rangeri Least Concern 2730CC 1 

Bufo gutturalis Least Concern 2830AA 11 

Bufo rangeri Least Concern 2830AA 4 

Cacosternum boettgeri Least Concern 2730CC 1 

Cacosternum boettgeri Least Concern 2830AA 6 

Cacosternum nanum Least Concern 2830AA 1 

Hemisus guttatus Vulnerable 2830AA 1 

Hyperolius marmoratus Least Concern 2730CC 1 

Hyperolius marmoratus Least Concern 2830AA 18 

Kassina senegalensis Least Concern 2730CC 4 

Kassina senegalensis Least Concern 2830AA 8 

Phrynobatrachus natalensis Least Concern 2730CC 1 

Schismaderma carens Least Concern 2830AA 5 

Strongylopus fasciatus Least Concern 2830AA 3 

Tomopterna natalensis Least Concern 2730CC 1 

Tomopterna cryptotis Least Concern 2830AA 4 

Tomopterna natalensis Least Concern 2830AA 8 

Tomopterna tandyi Least Concern 2830AA 1 

Xenopus laevis Least Concern 2730CC 2 

Xenopus laevis Least Concern 2830AA 1 

 

5.3.5 Invertebrates 

 

Information obtained from the SABIS database indicates the known presence of 130 

invertebrate species within the 2730CC QDS. The listed species are all aquatic macro-

invertebrates indicating that the species list was likely sourced from aquatic (in-stream) 

surveys/assessments. Thus, the SABIS list does not provide an indication of the regional and 

local terrestrial invertebrate species that may be present. The SABIS invertebrate species 

list for the QDS is included in Appendix C.  

 

Owing to the highly disturbed nature of the site and the poor state of the freshwater 

ecosystems, macro-invertebrate diversity is expected to be low and only common hardy and 

resilient species can be considered to be present within the limited patches of open water.  
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The KZN Terrestrial Systematic Conservation Plan (KZN C-Plan) indicates that populations of 

the millipede Doratogonus minor and the mollusc Cochlitoma simplex may be present 

within the site as they are known to occur within the local area. Populations of these two 

invertebrates may be present in the more intact areas within the study area located 

upslope of the mining footprint but are likely not present within the actual mining footprint 

as a result of transformation (see Herbert, 2013 – attached as Appendix D).  

 

No butterfly records for QDS 2730C are available. The closest QDS with butterfly records is 

2830AA, which was used as a proxy for the local area because it is of similar vegetation and 

topography. According to the species list for QDS 2830AA generated as part of the SABCA, a 

total of 44 butterfly species are known to occur in the QDS. The butterfly list is included in 

Appendix E.   

 

5.4 Preliminary Conservation Importance and Sensitivity 

 

5.4.1 Species of Conservation Importance 

 

South Africa uses the internationally endorsed IUCN Red List Categories and Criteria in the 

Red List of South African plants. This scientific system is designed to measure species' risk 

of extinction and ultimately highlight those species that are most urgently in need of 

conservation action.  

 

The IUCN Red List categories and criteria are designed to be applied to the entire global 

range of a species. Such assessments, which take into account the world-wide distribution 

range of a species, are known as global assessments and are included in the IUCN's 

international Red List of Threatened Species. However, the system also allows for 

assessments of geographical subsections of a species' global range. Such subsections are 

typically marked by a human-defined boundary, such as a country or provincial border. The 

assessments of such subsections are known as regional assessments, and use the same set of 

criteria as global assessments. However, if a species is not endemic to the region, the 

regional assessment procedures contain an additional step to adjust the regional status to 

allow for the impact of individuals moving between populations within and outside the 

region on the extinction risk of the species within the region. 
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Species that are at risk of extinction, also known as threatened or endangered species are 

those that are classified in the following categories: 

• Critically Endangered (CR); 

• Endangered (EN); and 

• Vulnerable (VU). 

 

The IUCN Red List also includes information on taxa that cannot be evaluated because of 

insufficient information (i.e. Data Deficient) as well as taxa that are close to meeting the 

threatened thresholds (i.e. Near Threatened). The complete list of categories is shown in 

Figure 8 below.  

 

Figure 8: South African Red List Categories (courtesy of SANBI) 
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5.4.1.1 Flora 
 

A list of the threatened and protected plant species known to occur within the 2730CC QDS 

from the SABIS and POSA databases is provided in Table 6. Taking cognisance of the habitat 

that is available as well as the status thereof, it is unlikely that that the two threatened 

plant species are be present within the study area, particularly within the proposed mining 

footprint.   

 
Table 6: Floral species of conservation significance known to occur within the area   

Scientific Name Family  Conservation Status Habitat Present (Y/N) LoC* 

Herbs:     

Stenostelma 
umbelluliferum 

Milkweed Family Near-threatened (NT)  N Unlikely 

Habenaria 
kraenzliniana 

Orchid family Near-threatened (NT) N Unlikely 

*LoC – Likelihood of occurrence 
 

5.4.1.2 Fauna 
 

Of all the faunal lists and systematic conservation plans interrogated for the QDS and study 

area, four species of conservation importance may potentially occur onsite. These four 

species are listed in Table 7 below along with an indication of whether key habitat is 

present onsite and their likelihood of occurrence onsite.  

 
Table 7: Faunal species of conservation importance known to occur in the local area 

Scientific Name Common Name  Conservation Status  Habitat Present (Y/N) LoC* 

Birds:     

Falco biarmicus Lanner Falcon Near-threatened N Possible 

Frogs:     

Hemisus guttatus 
Spotted Shovel-
nosed Frog 

Vulnerable N Unlikely 

Invertebrates:     

Doratogonus minor 
Minor Black 
Millipede 

Endangered 
(Endemic) 

Y Possible 

Cochlitoma simplex  n/a (Endemic) Y (Marginal) Possible 

*LoC – Likelihood of occurrence 
 

Although the near-threatened, Lanner Falcon, is known to occur in the area and may utilize 

the site from time to time, it is unlikely that the remaining intact habitats onsite play an 

important role in the lifecycles of the local species and/or are critical for the survival of 

individuals that may use these habitats due to the degraded nature of the site and the 

presence of human settlement.  
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Although there are no records of the Spotted Shovel-nosed Frog for QDS 2730CC, there is a 

single record in the neighboring QDS 2830AA of similar vegetation and topography, and the 

project site does occur within its resident range. According to the habitat description 

included on the IUCN website (http://www.iucnredlist.org/details/55280/0), the frog 

“inhabits grassland and savannah. It breeds in seasonal pans, swampy areas, and in pools 

near rivers. It nests in burrows in wet soil by temporary water, and tadpoles move to water 

to develop.” As most of the site is highly degraded and the preferred habitats of the frog 

are absent, it is unlikely that populations of the frog species occur onsite, especially within 

the transformed areas.  

 

In an ecological survey of the Magdalena Colliery discard dump extension site undertaken by 

Zunckel Ecological and Environmental Services in June 2013 (ZEES, 2013), the presence of 

the endemic (not red listed) gastropod, Cochlitoma simplex, was confirmed within the 

property, just north of the study area. Individuals were found on the steep slopes above the 

current discard dump within the vegetation community labelled ‘steep and rocky 

encroached grassland’ on site (GPS Co-ordinates: 27°58'45.33"S & 30°11'37.42"E) (ZEES, 

2013). This type of vegetation appears to be present but limited on the upper slopes of the 

site, although in a much more degraded state. However, no suitable habitat is present 

within the proposed mining footprint.  

 

In light of the above, Dr Dai Herbert, a millipede and mollusc specialist, was contacted to 

provide a formal opinion on the likelihood of occurrence of the snail within the study area 

and mining footprint. Dr Herbert concluded the following in a letter dated 15 December 

2013 attached as Appendix D: 

 

“The habitat currently occurring in the footprint of the proposed open cast extension is 

already highly degraded. Much of it appears to have been settled by the local community 

and has been cultivated to varying extents. A substantial portion also shows signs of being 

heavily eroded. It is thus much transformed from its original condition.  
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The same applies to much of the Farm Alleen 2 property. There is an area in the south-

west of the property (centered on 27.95048°S: 30.16786°E) that retains what is likely to 

be scrubby indigenous bush, but this lies within the local community settlement and it is 

thus likely to be quite extensively grazed and degraded. It is possible that Cochlitoma 

simplex may occur there, particularly if the soils are calcium-rich like those occurring in 

the vicinity of the proposed mine dump extension, but the long term viability of the 

population is already probably at considerable risk. 

 

Since there is very limited indigenous bushy vegetation in the footprint of the proposed 

opencast extension and levels of disturbance are high, it cannot be considered a significant 

habitat for the conservation of C. simplex. The same in fact applies to the whole of Farm 

Alleen 2.” 

 
In the same ecological survey (ZEES, 2013), evidence of the presence of the threatened (red 

listed as endangered) millipede, Doratogonus minor, could not be found. However, as there 

is some intact secondary grassland patches present, there is a possibility that the millipede 

is present within these grassland patches. Nevertheless, no suitable habitat is present 

within the proposed mining footprint, thus the millipede is unlikely to occur within the 

proposed mining footprint.   

 
5.4.2 National Ecosystem Conservation Status 

 
 
In terms of ecosystem conservation status, no listed threatened ecosystems are present 

within or in the vicinity of the site.  

 
5.4.3 Importance in terms of Biodiversity Protection and Conservation Planning 

 

5.4.3.1 KZN Terrestrial Systematic Conservation Plan 
 

Systematic biodiversity planning, also known as systematic conservation planning, identifies 

important areas for biodiversity conservation based on three principles:  

 

• The principle of representation, or the need to conserve a representative sample of 

biodiversity pattern, including ecosystems, habitats and species;  

• The principle of persistence, or the need to conserve ecological and evolutionary 

processes that allows biodiversity to persist over time; and 
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• The principle of setting explicit biodiversity targets, where each biodiversity 

feature has quantitative targets set to maintain viable populations and functioning 

ecosystems, landscapes and seascapes.  

 

In terms of the KZN Terrestrial Systematic Conservation Plan, the northern half of the site 

is classified as 100% transformed and as such is not important from a conservation planning 

perspective. The remaining areas within the site are predominantly unclassified and of low 

conservation importance with two small patches within the eastern and south-eastern parts 

of the site classified as ‘Biodiversity Priority Area 3 - Optimal’ (Figure 9). CBA3 indicate the 

presence of one (or more) features with a low irreplaceability score. In this category, there 

are alternate sites within which the targets can be met, but there aren't many.  

 

The central-eastern patch is classified as the possible remnants of Income Sandy Grassland 

and Glencoe Moist Grassland that could potentially host populations of Doratogonus minor 

and Cochlitoma simplex. However, a review of the aerial photography indicates that this 

patch has been transformed by rural development and is of limited conservation importance 

from a floral and faunal perspective.  

 

The south-eastern patch is classified as the possible remnants of Income Sandy Grassland, 

Glencoe Moist Grassland and Midland Floodplain Grassland that could potentially host 

populations of Doratogonus minor and Cochlitoma simplex. However, a review of the aerial 

photography indicates that this patch has been disturbed by rural settlement and gully 

erosion and that the secondary grassland vegetation that remains has undergone woody 

bush encroachment. Intact secondary grassland is present in the vicinity of CBA3 zone, 

referred to as ‘Intact Secondary Grassland’ in sections above.   

 

5.4.3.2 KZN Critical Biodiversity Areas (CBAs) Map 
 

The three main categories used in critical biodiversity area mapping are: 

 

• Critical Biodiversity Areas (CBAs) – terrestrial and aquatic features that are crucial 

for supporting biodiversity features, ecosystem functioning and providing ecological 

services. CBAs are important for maintaining conservation targets and as such 

should be retained in a natural state to ensure the continued existence of species 

and that ecosystem processes and delivery of services from these systems are 

maintained. 
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• Ecological Support Areas (ESAs) – terrestrial and aquatic areas that are not 

necessarily important for ensuring that conservation targets are met, however they 

play a number of important roles in the landscape including; supporting the 

ecological functions of CBAs, delivering ecological services (e.g. flood attenuation, 

provision and regulation of river flows carbon sequestration, etc.). Developments 

within or adjacent to ESAs are only permissible if the land uses allow for the 

continued functionality of the ESAs. 

• Ecosystem Goods and Service Areas (EGSAs) - areas wherein life-supporting and 

essential benefits to humans, from natural processes (ecosystem functions), are 

derived (Millennium Ecosystem Assessment, 2006). Aquatic EGSAs include all 

remaining aquatic systems not defined as CBAs and ESAs, both natural (i.e. 

wetlands and riparian habitat) and artificial systems (e.g. man-made dams and river 

diversions). All aquatic systems are automatically buffered by 32m. 

 

In terms of the KZN Critical Biodiversity Areas Map, the study area appears to be classified 

as ‘built-up settlement’ and ‘transformed’, and is surrounded by CBA3 areas. There are also 

important wetlands (EGSAs) to the east of the site associated with the floodplain wetland 

located at the confluence of the Bloubankspruit and the Buffels River, as well as the 

greater Buffels River floodplain wetland. It is important to note, however, that because the 

KZN CBA map is provided a district level jpeg image, it is difficult to accurately position the 

true location and extent of the study area.  

 

5.4.3.3 South Africa’s National Protected Area Expansion Strategy (NPAES) 
 

The goal of the National Protected Area Expansion Strategy (NPAES) is to achieve cost 

effective protected area expansion for ecological sustainability and adaptation to climate 

change. The NPAES sets targets for protected area expansion, provides maps of the most 

important areas for protected area expansion, and makes recommendations on mechanisms 

for protected area expansion. 

 

A protected area is an area of land that is formally protected by law and managed mainly 

for biodiversity conservation. Protected areas recognised in the National Environmental 

Management: Protected Areas Act (Act 57 of 2003) (hereafter referred to as the Protected 

Areas Act) are considered formal protected areas in the NPAES. 

 

It is important to differentiate protected areas from conservation areas. Conservation areas 

are areas of land not formally protected by law but informally protected by the current 

owners and users and managed at least partly for biodiversity conservation. Because there 
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is no long-term security associated with conservation areas, they are not a strong form of 

protection and are not considered part of the protected area network. Conservation areas 

are not a major focus of the NPAES. There are also several forms of statutory protection 

that are not recognised in terms of the Protected Areas Act but nevertheless provide a 

degree of protection for the areas and sites concerned. These other forms of statutory 

protection, also not considered part of the protected area network. 

 

Within the NPAES, focus areas are the areas of land earmarked to be incorporated into the 

protected areas network in order to meet the NPAES twenty-year targets. 

 

In terms of the NPAES, the project site is located outside of the NPAES and is not 

earmarked for incorporation into the National protected areas network. The closest formal 

protected area to the project site is the Chelmsford Nature Reserve located approximately 

21km west of the site. The closest focus area is the moist escarpment grasslands on the 

neighbouring mountain to the west of Mount Johanna located approximately 5.5km west of 

the site.  

 

5.4.4 Conservation Importance Summary 

 

All of the terrestrial and freshwater habitats that occur within and downstream of the 

proposed mining footprint appear to be severely degraded and of low to moderately-low 

ecological importance and conservation value based in the three broad criteria discussed 

above and summarised in Table 8 below. Watercourses are by nature sensitive due to the 

severe pressure that is currently being placed on the country’s water resources and as such 

any destruction of watercourse must not be taken lightly, hence the moderate importance 

rating.  

 
Table 8: Preliminary Rating of Conservation Importance and Sensitivity 

Community / 
Habitat 

Possibility of 
the Presence 
of Species of 
Conservation 
Importance 
(Y/N) 

Threatened 
Habitat 
Status (Y/N) 

Important to 
National 
and/or 
Provincial 
Conservation 
Planning (Y/N) 

Preliminary 
Importance & 
Sensitivity 
Rating 

Occurs within 
Mining 
Footprint (Y/N) 

Watercourses N N Y Moderate Y 

Intact secondary 

grassland 
Y N N Moderate N 

Eroded secondary 

grassland 

 

N N N Low Y 

Eroded woody Y N N 
Moderately-

low 
Y 
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Community / 
Habitat 

Possibility of 
the Presence 
of Species of 
Conservation 
Importance 
(Y/N) 

Threatened 
Habitat 
Status (Y/N) 

Important to 
National 
and/or 
Provincial 
Conservation 
Planning (Y/N) 

Preliminary 
Importance & 
Sensitivity 
Rating 

Occurs within 
Mining 
Footprint (Y/N) 

encroached 

secondary 

grassland 

 

Secondary dense 

closed woody 

vegetation 

 

Y N N 
Moderately-

low  
N 

Bare and sparsely 

vegetated erosion 

gullies, dongas and 

channels 

 

N N N Low Y 

Rural settlement 

and farming areas 

 

N N N Low Y 
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Figure 9: KZN Terrestrial Systematic Conservation Plan 
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6 PLANNING IMPLICATIONS AND WAY FORWARD 

 

6.1 Freshwater Ecosystem Related Constraints and Requirements 

 

Although the watercourses onsite are severely degraded, the destruction of watercourses is 

always a significant impact due to the current cumulative impacts on the country’s water 

resources and their inherent sensitivity to hydrological changes. Nevertheless, no 

freshwater habitats of high importance and sensitivity were found to occur within the 

mining footprint and thus there appear to no fatal flaws.  

 

It is important to note, however, that the sub-catchment within which the proposed mining 

extension is planned to occur has been classified as a Fish Support Area in the NFEPA. In 

terms of management implications, the local Buffels River condition should ideally be 

improved and alien invasive fish should be removed from Fish Support Areas, so that these 

sub-quaternary catchments can maintain their fish populations. This doesn’t represent a 

fatal flaw to the project unless proposed mining results in substantial water pollution and 

channel erosion impacts. The moderate sensitivity of the Buffels River downstream of the 

site highlights the need to ensure that the impact on the quality and quantity of the flows 

within the Poonaspruit and Bloubankspruit are minimised by best clean and dirty 

stormwater management practices. In this regard, every effort should be made to try and 

work around the larger watercourses where possible.  

 

Furthermore, it is recommended that the most western watercourse within the property 

and mining footprint be excluded from the mining footprint and afforded a minimum 30m 

buffer. The reasons for this exclusion being that this watercourse has the largest catchment 

of all the watercourses to be affected, and has a considerable catchment area upstream of 

the mining footprint.  
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6.2 Terrestrial Ecosystem Related Constraints and Requirements 

 
Due to their degraded and secondary nature, the habitats that occur within the proposed 

mining footprint were assessed as likely being of limited conservation importance. 

Specialist comment from Dr Herbert (Appendix D) confirms the low likelihood of 

occurrence of the endemic Cochlitoma simplex within the habitats occurring within mining 

footprint. The only habitats of some potential conservation importance are ‘intact 

secondary grassland’ and denser woody areas that are outside of the mining footprint. 

These areas must be avoided. Therefore, based on this preliminary desktop assessment, 

there are no fatal flaws to the loss of the habitats within the proposed mining footprint 

from a biodiversity conservation perspective. However, it is recommended that a ‘search 

and rescue’ for individuals Cochlitoma simplex that may occur within the mining strip be 

undertaken by a qualified mollusc specialist prior to mining in order to relocate individuals 

to an appropriate habitat outside of the mining footprint. 

 

7 POTENTIAL IMPACTS AND MITIGATION MEASURES 

 

Ecological impact refers to the effect on a habitat or species due to direct or indirect 

changes in the environment brought about by a project. Besides magnitude, duration and 

scale, the significance of an ecological impact is also related to the asserted importance of 

the habitat or species to be affected. In general, the impact on an important habitat or 

species will be more significant in comparison to other less important ones. 

 

7.1 Impacts to Freshwater Ecosystems 

 

The five broad potential anticipated impacts to the onsite and downstream freshwater 

habitats (watercourses) resulting from the construction, operation, closure and post-closure 

of the proposed open cast expansion are: 

 

• Watercourse direct disturbance and destruction; 

• Indirect watercourse disturbance; 

• Watercourses erosion, sedimentation and habitat degradation; 

• Watercourse flow reduction and habitat degradation; and 

• Watercourse pollution. 

 

Each of these potential impacts is discussed briefly below.  
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7.1.1 Watercourse Destruction and Loss of Ecosystem Services 

 

Nine eroded and degraded watercourses occur within the proposed mining footprint. The 

mining of these areas will result in the destruction of these watercourses. This will result in 

the loss of the freshwater ecosystem services provide by the mined portions of the nine 

watercourses, ultimately contributing to further downstream watercourse degradation. 

However, due to the current poor state of the watercourses, the level and importance of 

the ecosystems provided by these watercourses is expected to be low to moderately-low 

and thus, the direct loss of these portions of watercourses shouldn’t have a significant 

impacts on the integrity of the downstream watercourses.   

 

Recommended Mitigation Measures: 

 

• The most western watercourse within the property and mining footprint should be 

excluded from the mining footprint and afforded a 30m buffer. In this regard, the 30m 

buffer zone must be demarcated and marked out by a professional surveyor using 

barbed wire fencing and danger tape prior to the commencement of the mining 

operation;  

• Wherever possible, mining should be excluded from the watercourses and a small 

buffer through the breaking up of the open cast extension into segments separated by 

the watercourses. 

• Environmental authorisation and Section 21(c) and (i) water use licenses will be 

required to disturb/destroy the watercourses.  

 

7.1.2 Indirect Disturbances to Watercourses 

 

Indirect disturbances to freshwater habitats resulting from the open cast activities that will 

occur during the construction and operational phases include: 

• Dust related biotic damage; 

• Noise and nuisance disturbances to biota resulting from blasting, excavations, ongoing 

construction and mining activities, and human presence; and 

• Alien invasive plant invasion.  

 

As the watercourses are already highly disturbed and the associated in-stream and riparian 

habitats are transformed by rural settlement land uses and substantial erosion, the impact 

of the anticipated indirect disturbances resulting from the proposed open cast extension is 

likely to not be significant. Nevertheless, in line with good environmental practice, these 

impacts should be minimised as far as possible.     
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Recommended Mitigation Measures: 

 

• The approved dust management and suppression measures for the mine must be 

adopted for the open cast extension. 

• The approved noise management and suppression measures for the mine must be 

adopted for the open cast extension. 

• No hunting of any fauna onsite or in the surrounding area is allowed.  

• All alien vegetation that starts to re-colonise the open cast mining footprint must be 

removed immediately. The plants should be hand-pulled and stacked in rows for use in 

erosion/runoff control.  

 

7.1.3 Erosion, Sedimentation and Habitat Degradation 

 

Watercourse erosion and sedimentation impacts will likely result from the following 

activities: 

 

Construction Phase: 

• Construction disturbances associated with clearing and earthworks activities in close 

proximity to watercourses; 

• Exposure of bare slopes and surfaces that drain directly into the watercourses within 

the mining footprint; 

• Increased discharge velocities at the clean water diversion discharge/inlet points; 

• Disturbances during the construction of the watercourse crossings; 

• Uncontrolled road stormwater discharges; 

Operational Phase: 

• Uncontrolled road stormwater discharges; 

• Canalisation/concentration of flow through watercourse crossings. 

• Increased floodpeaks generated during the overtopping and breaching of the pollution 

control dams during floods. 

• Exposure of bare slopes and surfaces of that drain directly into the watercourses during 

dismantling and rehabilitation.  

Closure Phase: 

• The decommissioning of dirty water pollution control dams.  

• The decommissioning of the clean water dams.  

• The re-instatement of the natural watercourses. 

Post-Closure Phase: 

• Exposure of poorly vegetated slopes and surfaces where soil stabilisation and re-

vegetation was unsuccessful.  
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• Increased inputs from mine decant water discharges.  

• Increased floodpeaks generated during the overtopping and breaching of the retained 

pollution control dams during floods.   

 

Each of these impacts is discussed briefly below.  

 

During the construction phase, the establishment of infrastructure in close proximity to 

watercourses could lead to the exacerbation of erosion and sedimentation within the 

watercourses if poor construction practices are implemented. Similarly, during operation, 

the exposure of bare slopes and surfaces to the elements will likely lead to rill and gully 

erosion over time if runoff and erosion control measures are not effectively implemented.  

 

Upstream channelled flow and surface runoff will need to be diverted into artificial 

drainage channels that ultimately divert flows around the mining footprint and into the 

channels downstream. Such an activity could have the following potential impacts: 

 

• The erosion of the artificial diversion channels and the resultant sedimentation of the 

downstream watercourses at the diversion discharge / inlet point; 

• Erosion of downstream watercourses at the diversion discharge / inlet point; and 

• Sedimentation of the downstream watercourses as a result of erosion at the discharge / 

inlet point. 

 

Another potential impact to flows is the episodic overtopping of the pollution control dams 

and/or the breaching of the pollution control dams during flood events which would result 

in a floodpeak pulse progressing downstream and ultimately significant channel erosion.  

 

As the aquatic and riparian habitats of onsite streams and the downstream Poonaspruit and 

Bloubankspruit are already severely degraded, the above potential impacts are likely to be 

significantly reduced and not result in significant changes as long as proper clean and dirty 

surface water management measures are  implemented. Nevertheless, substantial flow 

alteration to, and erosion of, the downstream watercourses as a result of poor design and 

implementation of best practice mine surface water management is still unacceptable and 

must be minimised as far as possible.   

 

Recommended Mitigation Measures: 

 

• Implement surface water runoff and erosion control for the bare slopes and working 

areas within the dirty and clean water areas.  
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• For new watercourse crossings, flow must not be canalised and constricted 

through/under road crossings. Pipe culverts must be established side to side across the 

width of the watercourse being crossed.  

• Stormwater generated by the roads must be discharged back into the environment in a 

controlled manner to ensure that erosion at these discharge points does not occur. In 

this regard, many/small outlets must be favoured over few/large and erosion control 

measures must be established at these outlets e.g. rip-rap or Reno-mattresses.  

• Wherever possible, upstream channelled flow should be diverted back into the 

watercourse from which it was diverted; and  

• The discharge of diverted flow back into the watercourses must be done in a controlled 

manner to ensure that erosion at these discharge/inlet points are minimised. In this 

regard, energy dissipation measures and/or attenuation measures must be installed.  

 

7.1.4 Flow Reduction and Habitat Degradation 

 

It is best practice water management to contain and capture dirty water generated by the 

proposed open cast extension in the form of a network of artificial berms and ditches that 

drain into pollution control dams. However, the downside of such measures is that the dams 

will capture surface and subsurface flows and effectively remove a portion of the 

catchment from contributing to streamflow and ultimately reduce streamflows 

downstream. In addition, the timing and pattern of flows will also be altered through the 

attenuating effect of the dams. Such flow alteration will likely result in further downstream 

channel modification as the channels adjust to reduced discharges and peak flow pattern 

changes. However, the impact of the flow reduction on the integrity of the watercourses is 

substantially reduced as the watercourses and associated habitats are already highly 

altered and transformed. Nevertheless, in line with good environmental practice, these 

impacts should be minimised as far as possible.     

 

Recommended Mitigation Measures: 

 

The size of the dirty water areas should be minimised as far as practically possible.  

 

7.1.5 Water Pollution and In-stream Habitat Degradation 

 

During all phases of the life of the mine (e.g. construction and commissioning, operation, 

closure and post-closure), the operation of the mine will pose serious water quality risks to 

the downstream watercourses. These risks/impacts include: 
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• Oils and hydrocarbon spills and runoff contamination;  

• The generation of coal contaminated runoff and seepage from mine infrastructure, 

processing plant, waste and stockpile areas; and  

• Contaminated mine decant water discharges.  

 

These risks are usually reduced through the containment and collection of all the dirty 

surface and subsurface water onsite through the use of berms, artificial drainage channels 

and pollution control dams. In addition, the amount of dirty water generated by the mining 

areas is usually reduced by ensuring that clean water is diverted away from these dirty 

water areas and re-directed back into the watercourses downstream.  

 

In this case, the major pollutant sources are the pollution control dams themselves through 

leaking, breaching, overtopping and subsurface seepage if not lined. In addition, acid mine 

drainage from rehabilitated mine workings is always a risk in the closure and post-closure 

phases if the pollution control dams are de-commissioned.  

 

Ultimately, the negative impacts of watercourse contamination is the continued 

degradation of in-stream aquatic habitats downstream and the cumulative water quality 

and in-stream habitat degradation and biodiversity impacts to the greater Buffels River and 

Thukela River systems.  

     

Recommended Mitigation Measures: 

 

• The exposure of mined rock to air must be minimised to reduce rock decomposition 

and oxidation during the open cast operation. In this regard, a geo-hydrologist should 

be appointed to provide recommendations and mitigation measures.  

• A dirty and clean water management plan and a stormwater management plan must be 

compiled for the project according to the best management practices;  

• All pollution control dams must be: 

o Lined to minimise contaminant seepage; 

o Designed to handle (not breach during) 1:50 and 1:100 year flood events;   

o Regularly checked, maintained and serviced; and  

• Good housekeeping in terms of spillage and runoff contamination minimisation within 

the dirty water areas must be strictly implemented to reduce the levels of water 

contamination.  
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7.1.6 Cumulative Impacts 

 

The potential cumulative impacts resulting from the above-described impacts combining 

with the local and regional watercourse impacts are: 

• The degeneration of local and regional ecosystem services and degradation of Buffels 

River hydro-geomorphic and ecological integrity; and 

• The degradation of local and regional water quality and in-stream habitat of the 

Buffels River.  

 

Due to the intensive mining of the Buffels River catchment, the river system is under severe 

pressure from water pollution and flow alteration impacts. As a result, additional 

substantial impacts on water quality and quantity could, when combined with all the local 

impacts, result in a significant impact to freshwater ecosystem integrity. Therefore, it is 

important to ensure that the mitigation measures recommended above are strictly adhered 

to.   

 

7.2 Impacts to Terrestrial Ecosystems and Local Biodiversity 

 

The five main potential anticipated impacts to the onsite and downstream freshwater 

habitats (watercourses) resulting from the construction, operation, closure and post-closure 

the proposed open cast expansion are: 

 

• Habitat direct disturbance and destruction; 

• Indirect habitat disturbance; 

• Habitat erosion, sedimentation and degradation; 

• Habitat extent reduction and fragmentation; and 

• Population impacts. 

 

Each of these potential impacts is discussed briefly below.  

 

7.2.1 Habitat Destruction and Loss 

 

During the site preparation (construction) and operational phase (Rollover) phases, the 

terrestrial habitats within the mining footprint will be cleared and destroyed. All of the 

habitats proposed to be lost are secondary and highly degraded so the significance of the 

direct loss is reduced and low.  However, more valuable habitats are located upslope and 

south-west of the mining footprint, namely the intact secondary grassland and dense woody 

areas. It is important that direct disturbance impacts to these areas are minimised.  
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Recommended Mitigation Measures: 

 

• The intact secondary grassland and dense wooded areas outside of the proposed mining 

footprint must not be cleared and/or disturbed by the mining expansion. In this regard, 

it is important that the mining footprint be clearly demarcated and marked out by a 

professional surveyor using bard wire fencing and danger tape prior to the 

commencement of the mining operation;  

• The establishment of new haulage roads must be avoided and existing dirt roads must 

be utilised as haulage roads; and  

• A soil and vegetation rehabilitation plan for the areas to be mined must be prepared by 

a suitably qualified re-vegetation specialist (botanist/ecologist). 

• A ‘search and rescue’ for individuals Cochlitoma simplex that may occur within the 

mining strip must be undertaken by a qualified mollusc specialist prior to mining. Any 

individuals found must be relocated to an appropriate habitat outside of the mining 

footprint. 

 

7.2.2 Indirect Disturbances to Habitat 

 

As described for watercourses above, indirect disturbances to terrestrial habitats resulting 

from the open cast activities that will occur during the construction and operational phases 

include: 

• Dust related biotic damage; 

• Noise and nuisance disturbances to biota resulting from blasting, excavations, ongoing 

construction and mining activities, and human presence; and 

• Alien invasive plant invasion.  

 

As most of the surrounding terrestrial habitats are highly degraded and of low conservation 

value, the significance of these impacts will likely be low. However, more valuable habitats 

are located upslope and south-west of the mining footprint, namely the intact secondary 

grassland and dense woody areas. It is important that the indirect impacts to these areas 

are minimised.  

 

Recommended Mitigation Measures: 

 

• The approved dust management and suppression measures for the mine must be 

adopted for the open cast extension. 
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• The approved noise management and suppression measures for the mine must be 

adopted for the open cast extension. 

• No hunting of any fauna onsite or in the surrounding area is allowed.  

• All alien vegetation that starts to re-colonise the open cast mining footprint must be 

removed immediately. The plants should be hand-pulled and stacked in rows for use in 

erosion/runoff control.  

 

7.2.3 Erosion, Sedimentation and Degradation 

 

Terrestrial habitat erosion and sedimentation impacts will likely result from the following 

activities: 

 

Construction phase: 

• Exposure of bare slopes and surfaces within the mining footprint;  

• Uncontrolled road stormwater discharges;  

Operational phase: 

• Exposure of bare slopes and surfaced within the mining footprint;  

• Uncontrolled road stormwater discharges;  

Closure phase: 

• Exposure of bare slopes and surfaces during dismantling and rehabilitation;  

Post-Closure phase: 

• Exposure of poorly vegetated slopes and surfaces where soil stabilisation and re-

vegetation was unsuccessful; and 

• Increased inputs from mine decant water discharges.  

 

As most of the surrounding terrestrial habitats are already highly eroded and of low 

conservation value, the significance of these erosion impacts will likely be low. As the more 

valuable habitats are located upslope and south-west of the mining footprint, further 

erosion impacts to these areas resulting from the proposed mining extension are likely to be 

low.  

 

Recommended Mitigation Measures: 

 

• Implement surface water runoff and erosion control for the bare slopes and working 

areas within the dirty and clean water areas.  

• Stormwater generated by the roads must be discharged back into the environment in a 

controlled manner to ensure that erosion at these discharge points does not occur. In 
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this regard, many/small outlets must be favoured over few/large and erosion control 

measures must be established at these outlets e.g. rip-rap or Reno-mattresses.  

 

7.2.4 Habitat Reduction and Fragmentation 

 

The reduction in habitat patch size and the fragmentation of habitat patches are known to 

disrupt important ecological processes and ultimately result in the reduction in the 

integrity and viability of ecological systems and habitats. The major cause of patch size 

reduction and fragmentation is the clearance and transformation of habitats for 

development. In this case, the habitats within the mining footprint have all largely been 

transformed by rural development and overgrazing. The intact patches of intact secondary 

vegetation/habitats that remain are highly fragmented and small in size further 

contributing to their poor ecological integrity. Therefore, the fragmentation and patch size 

reduction impacts resulting from the proposed mining operation on the onsite and 

surrounding habitats will likely be limited.  

 

Recommended Mitigation Measures: 

 

Adhere to recommendations/measures provided in sections above.  

 

7.2.5 Population Impacts 

 

As the habitats onsite are highly degraded and transformed it is expected that the natural 

floral and faunal populations that would have occurred within these areas have long been 

transformed, displaced or destroyed. Therefore, the proposed impacts on faunal and floral 

populations within the mining footprint will likely be of limited significance. However, it is 

important to note that moderately important floral and faunal populations may be present 

within the intact secondary grassland and dense secondary wooded areas located upslope of 

the mining footprint.  

 

Recommended Mitigation Measures: 

 

Adhere to recommendations/measures provided in sections above.  

 

7.2.6 Cumulative Impacts 

 

Typical cumulative impacts to terrestrial ecosystems and biodiversity are: 

• Cumulative loss of habitat in the region, province and country. 

• Impacts on National and Provincial conservation obligations & targets. 
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• Cumulative increase in local and regional fragmentation / isolation of habitat. 

 

Due to the highly degraded state of the land proposed to be mined, the significance of the 

above-listed impacts on local biodiversity and ultimately provincial and national 

biodiversity goals, targets and plans is likely to be low. As discussed above, the study area 

is of limited significance in terms of provincial and national biodiversity conservation 

planning. Therefore, it is anticipated that the cumulative impacts of the proposed 

operation will be limited.  
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8 IMPACT ASSESSMENT 

 

The formal assessment of the significance of the impacts on the freshwater ecosystems and habitats as shown in Table 9 below indicates that most 

of the impacts on the onsite and local watercourses are of low significance with the exception of the cumulative impacts on the Buffels River 

system being of medium significance and generally unacceptable. With the strict adherence to and implementation of the recommended 

mitigation measures these medium significance impacts can be reduced to medium-low significance.  

 

Table 9: Freshwater Ecosystem Impact Assessment 

POTENTIAL IMPACT ACTIVITY 
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SITE PREPARATION, CONSTRUCTION AND COMMISSIONING PHASE 

Direct Disturbance Impacts:                                   

1. Clearing, infilling and flooding of watercourses 
and freshwater habitat for the construction and 
establishment of the clean water management 
dams. 

Construction and 
establishment of clean 
water system dams. 

- 5 3 2 5 2 30 L - 5 3 2 5 2 30 L 

2. Clearing, infilling and flooding of watercourses 
and freshwater habitat for the construction and 
establishment of the dirty water management dams. 

Construction and 
establishment of dirty 
water system dams. 

- 5 3 2 5 2 30 L - 5 3 2 5 2 30 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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3. Clearing and levelling of watercourses and 
freshwater habitat within the mining footprint 
(open cast workings).  

Clearing and levelling 
of mining footprint. 

- 5 3 2 5 2 30 L - 5 3 2 5 2 30 L 

4. Clearing and levelling of watercourses and 
freshwater habitat within the road crossing 
footprint.  

Construction of road 
crossings. 

- 5 3 1 5 2 28 L - 5 3 1 5 2 28 L 

Indirect Disturbance Impacts:                               0   

5. Indirect disturbance of neighbouring freshwater 
habitats as a result of noise and dust pollution, 
blasting vibrations and increased human presence.  

Clearing and levelling 
of the mining 
footprint, Blasting, 
Construction of 
structures and 
infrastructure, 
Materials and person 
transportation. 

- 3 2 2 5 2 24 L - 2 2 2 5 2 22 L 

6. Onsite alien plant proliferation and alien plant 
invasion of the neighbouring freshwater habitats. 

All construction 
activities.  

- 2 2 2 4 2 20 L - 2 2 2 4 2 20 L 

Erosion and Sedimentation Impacts:                                   

7. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from construction 
disturbances associated with clearing and 
earthworks activities in close proximity to 
watercourses. 

Clearing and levelling  
of mining footprint 
and infrastructure. 

- 3 3 2 4 2 24 L - 2 3 2 3 2 20 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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8. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the erosion of the 
bare slopes and surfaces that drain directly into the 
watercourses within the mining footprint. 

Clearing and levelling 
of mining footprint. 

- 3 3 2 4 2 24 L - 2 3 2 3 2 20 L 

9. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the increased 
discharge velocities at the discharge/inlet point. 

Operation of clean 
water management 
system. 

- 3 4 2 4 2 26 L - 2 3 2 4 2 22 L 

10. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the construction 
of the watercourse crossings.  

Construction of 
watercourse crossings. 

- 3 4 2 4 2 26 L - 2 3 2 4 2 22 L 

11. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the uncontrolled 
road stormwater discharges.  

Road stormwater 
management. 

- 3 3 2 4 2 24 L - 2 3 2 3 2 20 L 

Flow Reduction Impacts:                                   

12. Reduction in water inputs and throughflow 
discharges as a result of the capture and 
containment of surface and subsurface flows from 
the clean water areas.  

Operation of clean 
water management 
system. 

- 3 3 2 4 2 24 L - 3 3 2 4 2 24 L 

13. Reduction in water inputs and throughflow 
discharges as a result of the capture and 
containment of surface and subsurface flows from 
the dirty water areas.  

Operation of dirty 
water management 
system. 

- 3 3 2 4 2 24 L - 3 3 2 4 2 24 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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14. Reduction in water inputs and throughflow 
discharges as a result of the abstraction of water 
from the dams onsite.  

Water abstraction and 
recycling. 

- 2 3 2 4 2 22 L - 2 3 2 4 2 22 L 

Water Quality Impacts:                                   

15. Reduction in the water quality of the 
watercourses as a result of the contamination of 
clean water areas associated with spillages and 
leakages of hazardous materials handled and stored 
onsite. 

Hazardous materials 
dispensing, handling, 
storage and disposal. 

- 4 2 3 3 2 24 L - 2 2 2 3 2 18 L 

16. Reduction in the water quality of the 
watercourses as a result of the contamination of 
road runoff that drains into watercourses 
(hydrocarbon and oil spills). 

Operation and 
maintenance of 
vehicles and 
access/haulage roads.  

- 4 2 3 3 2 24 L - 2 2 2 3 2 18 L 

Cumulative Impacts:                                   

17. Degeneration of local and regional ecosystem 
services and degradation of Buffels River hydro-
geomorphic and ecological integrity.  

All construction 
activities.  

- 2 3 3 3 2 22 L - 2 2 2 3 2 18 L 

18. Degradation of local and regional water quality 
and in-stream habitat of the Buffels River.  
 
 
 

All construction 
activities.  

- 2 3 3 3 2 22 L - 2 2 2 3 2 18 L 



Zinoju Coal (Pty) Ltd   Proposed Alleen 2 Open Cast Extension – Magdalena Colliery  
  

13-727 15 April 2014 Page 53 

POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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OPERATIONAL PHASE 

Indirect Disturbance Impacts:                                   

1. Indirect disturbance of neighbouring freshwater 
habitats as a result of noise and dust pollution, 
blasting vibrations and increased human presence.  

Clearing and levelling 
of the mining 
footprint, Blasting, 
Materials and person 
transportation. 

- 3 2 2 5 2 24 L - 2 2 2 5 2 22 L 

2. Onsite alien plant proliferation and alien plant 
invasion of the neighbouring freshwater habitats. 

All operational 
activities.  

- 2 2 2 4 2 20 L - 1 2 2 3 2 16 L 

Erosion and Sedimentation Impacts:                                   

4. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the erosion of the 
bare slopes and surfaces that drain directly into the 
watercourses within the mining footprint. 

Clearing and levelling  
of mining footprint 
(Rollover Method) 

- 3 3 2 4 2 24 L - 2 3 2 2 2 18 L 

5. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the erosion and 
sedimentation of the clean water artificial drainage 
channels (erosion of bare surfaces, stockpiles etc.).  

Clearing and levelling 
of mining footprint 
(Rollover method), 
Operational of clean 
water management 
system. 

- 2 3 2 4 2 22 L - 2 3 2 2 2 18 L 

6. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the increased 
discharge velocities at the discharge/inlet point. 

Operational of clean 
water management 
system. 

- 3 3 2 4 2 24 L - 2 3 2 2 2 18 L 



Zinoju Coal (Pty) Ltd   Proposed Alleen 2 Open Cast Extension – Magdalena Colliery  
  

13-727 15 April 2014 Page 54 

POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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7. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the 
canalisation/concentration of flow through 
watercourse crossings.  

Operation of 
watercourse road 
crossings. 

- 3 3 2 4 2 24 L - 2 3 3 3 2 22 L 

8. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the uncontrolled 
road stormwater discharges.  

Road stormwater 
management. 

- 2 3 2 4 2 22 L - 1 3 2 3 2 18 L 

9. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the increased 
floodpeaks generated during the overtopping of the 
pollution control dams during floods.   

Operation of pollution 
control dams. 

- 2 3 3 3 2 22 L - 2 3 3 3 2 22 L 

10. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the increased 
floodpeaks generated during the breaching of the 
pollution control dams during floods.   

Operation of pollution 
control dams. 

- 3 3 3 3 2 24 L - 3 3 3 2 2 22 L 

Flow Reduction Impacts:                                   

11. Reduction in water inputs and throughflow 
discharges as a result of the capture and 
containment of surface and subsurface flows from 
the dirty water areas.  

Operation of clean 
water management 
system. 

- 2 3 3 5 2 26 L - 2 3 3 5 2 26 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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12. Reduction in water inputs and throughflow 
discharges as a result of the abstraction of water 
from the dams onsite.  

Water abstraction and 
recycling. 

- 2 3 2 4 2 22 L - 2 3 2 4 2 22 L 

Water Quality Impacts:                                   

13. Reduction in the water quality of the 
watercourses as a result of the overtopping of the 
pollution control dams during 1:50 and 1:100 year 
floods. 

Hazardous materials 
dispensing, handling, 
storage and disposal. 

- 3 3 3 5 2 28 L - 3 3 3 5 2 28 L 

14. Reduction in the water quality of the 
watercourses as a result of leakages and subsurface 
seepage from the pollution control dams.  

Operation of pollution 
control dams. 

- 3 3 3 3 2 24 L - 1 3 2 2 2 16 L 

15. Reduction in the water quality of the 
watercourses as a result of the breaching of the 
pollution control dams during flood events.  

Operation of pollution 
control dams. 

- 3 3 3 3 2 24 L - 3 3 3 2 2 22 L 

16. Reduction in the water quality of the 
watercourses as a result of the contamination of 
groundwater and seepage by decomposing rock 
exposed during open cast and underground mining.  

Open cast and 
underground mining, 
Pit and void 
dewatering. 

- 2 3 3 3 2 22 L - 2 3 3 3 2 22 L 

17. Reduction in the water quality of the 
watercourses as a result of the contamination of 
clean water areas associated with spillages and 
leakages of hazardous materials handled and stored 
onsite. 

Hazardous materials 
dispensing, handling, 
storage and disposal. 

- 3 3 2 3 2 22 L - 2 3 2 3 2 20 L 



Zinoju Coal (Pty) Ltd   Proposed Alleen 2 Open Cast Extension – Magdalena Colliery  
  

13-727 15 April 2014 Page 56 

POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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18. Reduction in the water quality of the 
watercourses as a result of the contamination of 
road runoff that drains into watercourses 
(hydrocarbon and oil spills). 

Operation and 
maintenance of 
vehicles and 
access/haulage roads.  

- 3 3 3 3 2 24 L - 2 3 2 3 2 20 L 

Cumulative Impacts:                                   

19. Degeneration of local and regional ecosystem 
services and degradation of Buffels River hydro-
geomorphic and ecological integrity.  

All operational 
activities.  

- 2 4 3 3 4 48 M  - 1 3 3 3 4 40 M-L 

20. Degradation of local and regional water quality 
and in-stream habitat of the Buffels River.  

All operational 
activities.  

- 3 3 3 3 4 48 M - 1 3 3 3 4 40 M-L 

CLOSURE PHASE 

Direct Disturbance Impacts:                                   

1. Disturbances to watercourses and freshwater 
habitat during the decommissioning of the road 
watercourse crossings.  

Dismantling and 
removal of 
watercourse road 
crossings. 

- 3 3 2 4 2 24 L - 2 2 2 3 2 18 L 

2. Disturbances to watercourses and freshwater 
habitat during the decommissioning of the pollution 
control dams.  

Dismantling and 
removal of pollution 
control dams. 

- 3 3 2 4 2 24 L - 2 2 2 3 2 18 L 

3. Disturbances to watercourses and freshwater 
habitat during the upgrading of the pollution control 
dams to be retained.  

Upgrading of the 
pollution control 
dams.  

- 3 3 2 4 2 24 L - 2 2 2 3 2 18 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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Erosion and Sedimentation Impacts:                                   

4. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the erosion of the 
bare slopes and surfaces of that drain directly into 
the watercourses during dismantling and 
rehabilitation.  

Dismantling and 
removal of buildings, 
structures and 
infrastructure.  

- 2 2 2 4 2 20 L - 2 2 1 3 2 16 L 

5. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the 
decommissioning of dirty water pollution control 
dams.  
 

Dismantling and 
removal of pollution 
control dams. 

- 2 2 2 4 2 20 L - 2 2 1 3 2 16 L 

6. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the 
decommissioning of the clean water dams.  
 
 

Dismantling and 
removal of clean 
water dams. 

- 2 2 2 4 2 20 L - 2 2 1 3 2 16 L 

7. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the re-instatement 
of the natural watercourses. 
 

Watercourse 
rehabilitation.  

- 2 3 2 4 2 22 L - 2 3 2 3 2 20 L 

Water Quality Impacts:                                   

8. Reduction in the water quality of the 
watercourses as a result of the decommissioning of 
the dirty water pollution control dams.  
 
 

Dismantling and 
removal of pollution 
control dams. 

- 3 2 3 3 2 22 L - 2 2 3 3 2 20 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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Cumulative Impacts:               0               0   

9. Degeneration of local and regional ecosystem 
services and degradation of Buffels River hydro-
geomorphic and ecological integrity.  

All closure activities. - 2 2 3 3 4 40 M-L - 1 2 3 3 4 36 M-L 

10. Degradation of local and regional water quality 
of the Buffels River.  

All closure activities. - 2 2 3 3 4 40 M-L - 1 2 3 3 4 36 M-L 

POST-CLOSURE PHASE 

Erosion and Sedimentation Impacts:                                   

1. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the erosion of 
poorly vegetated slopes and surfaces where soil 
stabilisation and re-vegetation was unsuccessful.  

Post-rehabilitation 
recovery 
Rehabilitation 
Monitoring. 

- 3 3 2 4 2 24 L - 2 3 2 3 2 20 L 

2. Erosion and sedimentation of watercourses and 
freshwater habitat as a result of the increased 
inputs from mine decant water discharges.  

Post-rehabilitation 
recovery 
Rehabilitation 
Monitoring. 

- 2 4 2 3 2 22 L - 2 4 2 3 2 22 L 

3. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the increased 
floodpeaks generated during the overtopping of the 
retained pollution control dams during floods.   

Pollution control dam 
operation monitoring. 

- 3 4 2 3 2 24 L - 2 4 2 3 2 22 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 

S
ta

tu
s 

M
a
g
n
itu

d
e
 

D
u
ra

tio
n
 

S
c
a
le

 

P
ro

b
a
b
ility

 

Im
p
o
rta

n
c
e
 

S
ig

. P
o
in

ts 

S
ig

. R
a
tin

g
 

S
ta

tu
s 

M
a
g
n
itu

d
e
 

D
u
ra

tio
n
 

S
c
a
le

 

P
ro

b
a
b
ility

 

Im
p
o
rta

n
c
e
 

S
ig

. P
o
in

ts 

S
ig

. R
a
tin

g
 

4. Erosion and sedimentation of watercourses and 
freshwater habitat resulting from the increased 
floodpeaks generated during the breaching of the 
retained pollution control dams during floods.   
 
 

Pollution control dam 
operation monitoring. 

- 3 4 3 3 2 26 L - 2 4 3 2 2 22 L 

Water Quality Impacts:                                   

5. Reduction in the water quality of the 
watercourses as a result of the acid mine 
drainage/acid rock drainage and mine decant 
water.  
 

Groundwater and 
surface water quality 
monitoring and 
remediation. 

- 3 4 2 3 2 24 L - 2 4 2 3 2 22 L 

6. Reduction in the water quality of the 
watercourses as a result of the overtopping of the 
retained pollution control dams during 1:50 and 
1:100 year floods. 
 

Pollution control dam 
operation monitoring, 
Surface water quality 
monitoring and 
remediation. 

- 3 4 3 5 2 30 L - 3 4 3 5 2 30 L 

7. Reduction in the water quality of the 
watercourses as a result of retained pollution 
control dam leakages and subsurface seepage.  
 

Pollution control dam 
operation monitoring, 
Surface water quality 
monitoring and 
remediation. 

- 3 4 3 3 2 26 L - 1 4 2 2 2 18 L 

8. Reduction in the water quality of the 
watercourses as a result of the breaching of the 
retained pollution control dams during flood events. 
  

Pollution control dam 
operation monitoring, 
Surface water quality 
monitoring and 
remediation. 

- 3 4 3 3 2 26 L - 3 4 3 2 1 12 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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Cumulative Impacts:                                   

9. Degeneration of local and regional ecosystem 
services and degradation of Buffels River hydro-
geomorphic and ecological integrity.  

All post-closure 
activities.  

- 2 4 3 3 4 48 M  - 1 4 2 3 4 40 M-L 

10. Degradation of local and regional water quality 
and in-stream habitat of the Buffels River.  

All post-closure 
activities.  

- 3 4 3 3 4 52 M - 1 4 3 3 4 44 M-L 

The formal assessment of the significance of the impacts on the terrestrial ecosystems and habitats as shown in Table 10 below indicates that most 

of the impacts on the local watercourses are of low significance with some of the indirect impacts on surrounding habitats being of medium-low 

significance.  

Table 10: Terrestrial Ecosystem Impact Assessment 

POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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SITE PREPARATION, CONSTRUCTION AND COMMISSIONING PHASE 

Direct Disturbance Impacts:                                   

1. Clearing and destruction of terrestrial habitat for 
the construction and establishment of the clean 
water management dams. 

Construction and 
establishment of 
clean water system 
dams. 

- 5 3 1 5 2 28 L - 5 3 1 5 2 28 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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2. Clearing and destruction of terrestrial habitat for 
the construction and establishment of the dirty water 
management dams. 
 

Construction and 
establishment of 
dirty water system 
dams. 

- 5 3 1 5 2 28 L - 5 3 1 5 2 28 L 

3. Clearing and destruction of terrestrial habitat 
within the mining footprint.  
 
 

Clearing and 
levelling of mining 
footprint. 

- 5 3 1 5 2 28 L - 5 3 1 5 2 28 L 

4. Clearing and destruction of terrestrial habitat 
within the access and haulage road footprints.  
 

Access and haulage 
road construction. 

  5 3 1 5 2 28 L - 5 3 1 5 2 28 L 

5. Faunal fatalities during habitat clearing and 
levelling.  
 

Clearing and 
levelling of mining 
footprint. 

- 5 3 1 5 2 28 L - 5 3 1 5 2 28 L 

Indirect Disturbance Impacts:                               0   

6. Indirect disturbance of neighbouring terrestrial 
habitats as a result of noise and dust pollution, 
blasting vibrations and increased human presence.  

Clearing and 
levelling of the 
mining footprint, 
Blasting, 
Construction of 
structures and 
infrastructure, 
Materials and person 
transportation. 

- 2 3 2 5 3 36 M-L - 2 3 2 4 3 33 M-L 

7. Onsite alien plant proliferation and alien plant 
invasion of the neighbouring terrestrial habitats. 
 
 

All construction 
activities.  

- 2 3 2 4 3 33 M-L - 1 3 2 3 3 27 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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Erosion and Sedimentation Impacts:                                   

8. Erosion and sedimentation of terrestrial habitat 
outside of the mining footprint as a result of the 
erosion of bare slopes and surfaces within the mining 
footprint.  

Clearing and 
levelling of mining 
footprint and 
infrastructure. 

- 3 4 1 4 2 24 L - 2 3 1 3 2 18 L 

9. Erosion and sedimentation of terrestrial habitat 
outside of the mining footprint as a result of 
uncontrolled road stormwater discharges.  

Road stormwater 
management.  

- 2 4 1 4 2 22 L - 2 4 1 3 2 20 L 

Habitat Reduction & Fragmentation Impacts:                                   

10. Reduction in size of local habitats as a result of 
habitat loss and transformation during clearing and 
levelling.  

Clearing and 
levelling of mining 
footprint. 

- 3 4 2 4 2 26 L - 3 4 2 4 2 26 L 

11. Fragmentation of local habitat as a result of 
habitat loss and transformation during clearing and 
levelling. 

Clearing and 
levelling of mining 
footprint. 

- 2 4 2 4 2 24 L - 2 4 2 4 2 24 L 

Population Impacts:                                   

12. Faunal population reduction as a result of 
fatalities and loss of habitat during site clearing and 
levelling. 

Clearing and 
levelling of mining 
footprint. 

- 2 3 2 4 2 22 L - 2 3 2 4 2 22 L 

Cumulative Impacts:                                   

13. Cumulative loss of habitat in the region, province 
and country. 

All construction 
activities.  

- 2 3 2 3 2 20 L - 2 3 2 3 2 20 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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14. Impacts on National and Provincial conservation 
obligations & targets. 

All construction 
activities.  

- 1 3 2 3 2 18 L - 1 3 2 3 2 18 L 

15. Cumulative increase in local and regional 
fragmentation / isolation of habitat. 

All construction 
activities.  

- 2 3 3 3 2 22 L - 2 3 3 3 2 22 L 

OPERATIONAL PHASE 

Indirect Disturbance Impacts:                                   

3. Indirect disturbance of neighbouring terrestrial 
habitats as a result of noise and dust pollution, 
blasting vibrations and increased human presence.  

Clearing and 
levelling of mining 
footprint (Rollover 
Method), Blasting, 
Materials and person 
transportation. 

- 2 3 2 5 3 36 M-L - 2 3 2 4 3 33 M-L 

4. Onsite alien plant proliferation and alien plant 
invasion of the neighbouring terrestrial habitats. 

All operational 
activities.  

- 2 3 2 4 3 33 M-L - 1 3 2 3 3 27 L 

Erosion and Sedimentation Impacts:                                   

5. Erosion and sedimentation of terrestrial habitat 
outside of the mining footprint as a result of the 
erosion of bare slopes and surfaced within the mining 
footprint. 
 
 

Clearing and 
levelling  of mining 
footprint (Rollover 
Method) 

- 3 4 1 4 2 24 L - 2 3 1 3 2 18 L 

6. Erosion and sedimentation of terrestrial habitat 
outside of the mining footprint as a result of 
uncontrolled road stormwater discharges.  
 

Road stormwater 
management.  

- 3 3 1 4 2 22 L - 2 3 1 3 2 18 L 
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POTENTIAL IMPACT ACTIVITY 

PRE-MITIGATION ASSESSMENT POST-MITIGATION ASSESSMENT 
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Cumulative Impacts:                                   

10. Cumulative loss of habitat in the region, province 
and country. 

All operational 
activities.  

- 2 4 3 3 3 36 M-L - 1 3 3 3 3 30 L 

11. Impacts on National and Provincial conservation 
obligations & targets. 

All operational 
activities.  

- 1 3 2 2 2 16 L - 1 3 2 2 2 16 L 

12. Cumulative increase in local and regional 
fragmentation / isolation of habitat. 

All operational 
activities.  

- 2 3 3 4 2 24 L - 2 3 3 4 2 24 L 

CLOSURE PHASE 

Erosion and Sedimentation Impacts:                                   

1. Erosion and sedimentation of terrestrial habitat as 
a result of the erosion of the bare slopes and surfaces 
upslope during dismantling and rehabilitation.  

Dismantling and 
removal of buildings, 
structures and 
infrastructure.  

- 2 2 1 4 2 18 L - 1 2 1 3 2 14 L 

POST-CLOSURE PHASE 

Erosion and Sedimentation Impacts:                                   

1. Erosion and sedimentation of terrestrial habitat as 
a result of the erosion of poorly vegetated slopes and 
surfaces where soil stabilisation and re-vegetation 
was unsuccessful.  

Post-rehabilitation 
recovery 
Rehabilitation 
Monitoring. 

- 3 4 1 4 2 24 L - 2 3 1 3 2 18 L 

2. Erosion and sedimentation of terrestrial habitat as 
a result of the increased inputs from mine decant 
water discharges.  

Post-rehabilitation 
recovery, 
Rehabilitation 
Monitoring. 

- 2 4 1 2 2 18 L - 2 4 1 2 2 18 L 
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9 CONCLUSION 

 

GCS (Pty) Ltd were appointed by Zinoju to undertake a Basic Assessment for the proposed 

expansion of the Magdalena Colliery open cast mining operation into Farm Alleen 2. As part 

of this assessment, GCS ecologists were appointed to undertake a desktop ecological 

assessment of the site with the purpose of providing an overview of the likely state and 

importance of the habitats proposed to be impacted, as well as flag any potential fatal 

flaws to the process.  

 

Being a desktop assessment, a wide range of spatial datasets derived from governmental 

and non-governmental conservation organisations and departments, as well as the latest 

colour aerial photography for the site were sampled and utilised to provide a preliminary 

indication of the characteristics, state and importance of the freshwater and terrestrial 

habitats onsite. However, it is important to note the limitation and uncertainties associated 

with such a desktop. The significance of these limitations is reduced by the fact that the 

ecological areas proposed to be mined are highly degraded and transformed.  

 

An analysis of the available spatial and aerial photography for the study area confirmed the 

following: 

 

• Nine degraded and incised first-order watercourses occur within the proposed mining 

footprint;  

• The study area occurs within a sub-quaternary catchment classified as a Fish Support 

Area by the NFEPA;  

• Six potential/preliminary vegetation communities/habitats occur within the study area 

that include: 

o Intact secondary grassland;  

o Eroded secondary grassland; 

o Eroded woody encroached secondary grassland; 

o Secondary dense closed woody vegetation;  

o Bare and sparsely vegetated erosion gullies, dongas and channels; 

o Rural settlement and farming areas; 

• With the exception of the ‘intact secondary grassland’ community, all the vegetation 

communities were highly degraded and likely of low to moderately-low conservation 

importance;  

• Of the above communities/habitats, only the ‘intact secondary grassland’ and 

‘secondary dense closed woody vegetation’ units don’t occur within the proposed 

mining footprint;  
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• Based on the KZN Terrestrial Systematic Conservation Plan and a previous ecological 

study undertaken for the discard dump extension project in similar habitat south of the 

study area, there is a possibility that scattered individuals / populations of the red-

listed (threatened) millipede, Doratogonus minor, and the endemic mollusc, 

Cochlitoma simplex, may be present within the steeper, rocky areas within the intact 

secondary grassland and woody encroached secondary grassland areas within the study 

area, despite the high level of habitat degradation. However, it is unlikely that the 

snail is present within the mining footprint; and  

• The study area was found to be of limited importance in terms of national and 

provincial biodiversity conservation and protected area planning.  

 

In light of these desktop findings, there appear to be no major fatal flaws in terms of 

impacts to ecology and biodiversity provided that: 

 

• Flow and water quality impacts to downstream freshwater ecosystems are minimised; 

and  

• The more valuable habitats upslope of the mining footprint are not disturbed by the 

mining activities.  

 

However, it is important to note that despite the degraded state of the onsite and local 

freshwater and terrestrial habitats, uncontrolled land clearing and mining operations, and 

the poor management of contaminated dirty water will still likely result in significant 

cumulative impacts. Thus, it is important that the recommendations provided in Section 7 

are strictly adhered to ensure that ecological impacts are reduced to acceptable levels.  
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APPENDICES 



Appendix A:  SIBIS and POSA Plant Species Lists for 2730CC 
  



SABIS Plants 2730CC

Family Scientific Name

ACANTHACEAE Blepharis subvolubilis

ACANTHACEAE Blepharis integrifolia var. integrifolia

ACANTHACEAE Blepharis subvolubilis var. longifolia

ACANTHACEAE Chaetacanthus setiger

AMARANTHACEAE Alternanthera pungens

AMARANTHACEAE Alternanthera pungens

AMARANTHACEAE Gomphrena celosioides

AMARANTHACEAE Brayulinea densa

AMARYLLIDACEAE Haemanthus humilis subsp. hirsutus

AMARYLLIDACEAE Cyrtanthus macowanii

AMARYLLIDACEAE Haemanthus humilis subsp. hirsutus

AMARYLLIDACEAE Apodolirion buchananii

ANTHERICACEAE Chlorophytum fasciculatum

ANTHERICACEAE Anthericum longistylum

APOCYNACEAE Periglossum kassnerianum

APOCYNACEAE Asclepias multicaulis

APOCYNACEAE Asclepias eminens

APOCYNACEAE Stenostelma umbelluliferum

APOCYNACEAE Parapodium costatum

APOCYNACEAE Asclepias multicaulis

APOCYNACEAE Periglossum kassnerianum

APOCYNACEAE Stenostelma eminens

APOCYNACEAE Asclepias brevicuspis

APOCYNACEAE Cordylogyne globosa

APOCYNACEAE Schizoglossum eustegioides

APONOGETONACEAE Aponogeton junceus subsp. junceus

ASPHODELACEAE Aloe greatheadii var. davyana

ASPHODELACEAE Aloe ecklonis

ASTERACEAE Berkheya onopordifolia var. glabra

ASTERACEAE Vernonia gerrardii

ASTERACEAE Hilliardiella oligocephala

ASTERACEAE Acanthospermum australe

ASTERACEAE Tripteris aghillana var. aghillana

ASTERACEAE Schistostephium crataegifolium

ASTERACEAE Euryops transvaalensis subsp. transvaalensis

ASTERACEAE Nolletia sp.

ASTERACEAE Helichrysum dregeanum

ASTERACEAE Pseudognaphalium luteo-album

ASTERACEAE Helichrysum dregeanum

ASTERACEAE Senecio cathcartensis

ASTERACEAE Helichrysum nigulosum

ASTERACEAE Chrysocoma mozambicensis

ASTERACEAE Vernonia gerrardii

ASTERACEAE Felicia muricata subsp. muricata

ASTERACEAE Helichrysum caespititium

ASTERACEAE Helichrysum caespititium

ASTERACEAE Tripteris aghillana var. aghillana

ASTERACEAE Denekia capensis

ASTERACEAE Denekia capensis

ASTERACEAE Denekia capensis

ASTERACEAE Denekia capensis

ASTERACEAE Aster squamatus

ASTERACEAE Helichrysum callicomum

ASTERACEAE Nolletia ciliaris

ASTERACEAE Helichrysum dregeanum

ASTERACEAE Platycarpha parvifolia

ASTERACEAE Platycarpha parvifolia

BRASSICACEAE Rorippa nudiuscula

BRASSICACEAE Rorippa nudiuscula

BRASSICACEAE Rorippa nudiuscula

CAPPARACEAE Cleome monophylla

CAPPARACEAE Cleome monophylla

CAPPARACEAE Cleome monophylla

CARYOPHYLLACEAE Herniaria erckertii subsp. erckertii var. erckertii

CELASTRACEAE Gymnosporia sp.

CHENOPODIACEAE Chenopodium pumilio

CHRYSOBALANACEAE Parinari capensis subsp. capensis

COMMELINACEAE Commelina subulata

COMMELINACEAE Cyanotis speciosa



COMMELINACEAE Commelina subulata

COMMELINACEAE Commelina subulata

COMMELINACEAE Commelina benghalensis

COMMELINACEAE Commelina subulata

COMMELINACEAE Cyanotis speciosa

COMMELINACEAE Commelina benghalensis

COMMELINACEAE Commelina benghalensis

CUCURBITACEAE Cucumis myriocarpus subsp. leptodermis

CUCURBITACEAE Cucumis hirsutus

CUCURBITACEAE Cucumis myriocarpus subsp. myriocarpus

CUCURBITACEAE Cucumis hirsutus

CYPERACEAE Pycreus macranthus

CYPERACEAE Cyperus semitrifidus

CYPERACEAE Kyllinga erecta var. erecta

CYPERACEAE Bulbostylis densa subsp. densa

CYPERACEAE Cyperus longus var. tenuiflorus

CYPERACEAE Fimbristylis complanata

CYPERACEAE Schoenoplectus paludicola

CYPERACEAE Fuirena pubescens var. abbreviata

CYPERACEAE Pycreus macranthus

EBENACEAE Diospyros lycioides subsp. guerkei

EBENACEAE Diospyros whyteana

EUPHORBIACEAE Phyllanthus maderaspatensis

FABACEAE Eriosema salignum

FABACEAE Vigna oblongifolia var. parviflora

FABACEAE Lessertia thodei

FABACEAE Eriosema salignum

FABACEAE Indigofera cryptantha var. cryptantha

FABACEAE Indigofera torulosa var. torulosa

FABACEAE Leobordea divaricata

FABACEAE Argyrolobium sp.

FABACEAE Leobordea mucronata

FABACEAE Tephrosia capensis var. capensis

FABACEAE Tephrosia semiglabra

FABACEAE Listia heterophylla

FABACEAE Lessertia sp.

FABACEAE Alysicarpus rugosus subsp. perennirufus

FABACEAE Lessertia sp.

FABACEAE Lessertia sp.

FABACEAE Medicago laciniata var. laciniata

FABACEAE Vigna sp.

FABACEAE Vigna sp.

FABACEAE Indigofera torulosa var. torulosa

FABACEAE Argyrolobium sp.

FABACEAE Argyrolobium sp.

FABACEAE Indigofera arrecta

FABACEAE Erythrina zeyheri

FABACEAE Lotononis mucronata

FABACEAE Lotononis listii

FABACEAE Tephrosia capensis var. capensis

FABACEAE Eriosema salignum

FABACEAE Tephrosia semiglabra

FABACEAE Lotononis calycina

FABACEAE Rhynchosia totta var. totta

GENTIANACEAE Chironia palustris subsp. palustris

HYACINTHACEAE Dipcadi marlothii

HYACINTHACEAE Dipcadi marlothii

HYACINTHACEAE Ledebouria revoluta

HYDROCHARITACEAE Lagarosiphon muscoides

HYDROCHARITACEAE Lagarosiphon muscoides

HYPOXIDACEAE Hypoxis kraussiana

HYPOXIDACEAE Hypoxis hemerocallidea

IRIDACEAE Gladiolus permeabilis subsp. edulis

IRIDACEAE Hesperantha baurii subsp. baurii

IRIDACEAE Gladiolus papilio

IRIDACEAE Gladiolus permeabilis subsp. edulis

JUNCACEAE Juncus exsertus subsp. exsertus

LAMIACEAE Stachys hyssopoides

LAMIACEAE Stachys hyssopoides

LAMIACEAE Stachys rivularis

LAMIACEAE Stachys hyssopoides



MALVACEAE Sida chrysantha

MALVACEAE Hermannia sp.

MALVACEAE Hermannia coccocarpa

MALVACEAE Hermannia oblongifolia

MALVACEAE Hermannia depressa

MALVACEAE Corchorus confusus

MALVACEAE Corchorus sp.

MALVACEAE Hibiscus microcarpus

MALVACEAE Sida chrysantha

MOLLUGINACEAE Limeum viscosum

MOLLUGINACEAE Limeum viscosum subsp. nummulifolium

OLEACEAE Menodora africana

ORCHIDACEAE Habenaria clavata

ORCHIDACEAE Habenaria kraenzliniana

OROBANCHACEAE Cycnium adonense

OROBANCHACEAE Cycnium adonense

OROBANCHACEAE Striga bilabiata subsp. bilabiata

POACEAE Microchloa kunthii

POACEAE Eragrostis heteromera

POACEAE Eragrostis curvula

POACEAE Sporobolus africanus

POACEAE Eragrostis chloromelas

POACEAE Miscanthus junceus

POACEAE Hyparrhenia anamesa

POACEAE Aristida congesta subsp. barbicollis

POACEAE Andropogon eucomus

POACEAE Paspalum notatum

POACEAE Cymbopogon caesius

POACEAE Digitaria ternata

POACEAE Paspalum scrobiculatum

POACEAE Aristida congesta subsp. congesta

POACEAE Setaria pumila

POACEAE Arundinella nepalensis

POACEAE Aristida junciformis subsp. junciformis

POACEAE Miscanthus junceus

POACEAE Cynodon dactylon

POACEAE Eragrostis gummiflua

POACEAE Trichoneura grandiglumis

POACEAE Brachiaria eruciformis

POACEAE Microchloa caffra

POLYGALACEAE Polygala hottentotta

POLYGALACEAE Polygala hottentotta

PORTULACACEAE Talinum caffrum

PORTULACACEAE Talinum caffrum

RHAMNACEAE Ziziphus zeyheriana

ROSACEAE Cliffortia linearifolia

RUBIACEAE Pygmaeothamnus chamaedendrum var. setulosus

RUBIACEAE Pygmaeothamnus chamaedendrum var. chamaedendrum

RUBIACEAE Anthospermum rigidum subsp. pumilum

SCROPHULARIACEAE Hebenstretia dura

SCROPHULARIACEAE Scoparia dulcis

SCROPHULARIACEAE Jamesbrittenia montana

SOLANACEAE Solanum retroflexum

SOLANACEAE Solanum panduriforme

SOLANACEAE Solanum capense

SOLANACEAE Solanum panduriforme

SOLANACEAE Solanum retroflexum

SOLANACEAE Solanum capense

STERCULIACEAE Hermannia coccocarpa

STERCULIACEAE Hermannia coccocarpa

STERCULIACEAE Hermannia oblongifolia

STERCULIACEAE Hermannia depressa

STERCULIACEAE Hermannia parviflora

STERCULIACEAE Hermannia depressa

TILIACEAE Corchorus confusus

TILIACEAE Corchorus asplenifolius

TILIACEAE Grewia hispida

TILIACEAE Grewia hispida

VAHLIACEAE Vahlia capensis subsp. vulgaris var. longifolia

VERBENACEAE Lantana rugosa



POSA 2730CC

Taxon Name Growth Form Status

Blepharis integrifolia (L.f.) E.Mey. ex Schinz var. integrifolia Herb LC

Blepharis subvolubilis C.B.Clarke Dwarf shrub, herb, shrub LC

Alternanthera pungens Kunth Herb Not Evaluated

Haemanthus humilis Jacq. subsp. hirsutus (Baker) Snijman Geophyte LC

Chlorophytum fasciculatum (Baker) Kativu Herb LC

Asclepias eminens (Harv.) Schltr. Herb LC

Asclepias meyeriana (Schltr.) Schltr. Herb LC

Asclepias multicaulis (E.Mey.) Schltr. Herb LC

Gomphocarpus fruticosus (L.) Aiton f. subsp. fruticosus Herb, shrub LC

Pachycarpus dealbatus E.Mey. Herb, succulent LC

Stenostelma umbelluliferum (Schltr.) S.P.Bester & Nicholas Geophyte, herb, succulent NT

Acanthospermum australe (Loefl.) Kuntze Herb Not Evaluated

Berkheya onopordifolia (DC.) O.Hoffm. ex Burtt Davy var. glabra Bohnen ex Roessler Herb LC

Euryops transvaalensis Klatt subsp. transvaalensis Herb LC

Helichrysum dregeanum Sond. & Harv. Dwarf shrub LC

Pseudognaphalium luteo-album (L.) Hilliard & B.L.Burtt Herb

Schistostephium crataegifolium (DC.) Fenzl ex Harv. Herb, suffrutex LC

Senecio cathcartensis O.Hoffm. Herb LC

Vernonia gerrardii Harv. Herb LC

Rorippa nudiuscula Thell. Herb LC

Cleome monophylla L. Herb LC

Parinari capensis Harv. subsp. capensis Dwarf shrub LC

Commelina subulata Roth Helophyte, herb LC

Cyanotis speciosa (L.f.) Hassk. Herb, succulent LC

Cucumis hirsutus Sond. Herb, succulent LC

Cucumis myriocarpus Naudin subsp. leptodermis (Schweick.) C.Jeffrey & P.Halliday Herb LC

Eriosema salignum E.Mey. Herb LC

Indigofera cryptantha Benth. ex Harv. var. cryptantha Dwarf shrub, shrub LC

Indigofera torulosa E.Mey. var. torulosa Herb LC

Lessertia thodei L.Bolus Herb LC

Tephrosia capensis (Jacq.) Pers. var. capensis Dwarf shrub, herb, shrub LC

Tephrosia semiglabra Sond. Herb LC

Vigna oblongifolia A.Rich. var. parviflora (Baker) Verdc. Climber, herb LC

Dipcadi marlothii Engl. Geophyte LC

Lagarosiphon muscoides Harv. Herb, hydrophyte LC



Gladiolus papilio Hook.f. Geophyte, herb LC

Gladiolus permeabilis D.Delaroche subsp. edulis (Burch. ex Ker Gawl.) Oberm. Geophyte, herb LC

Hesperantha baurii Baker subsp. baurii Geophyte, herb LC

Stachys hyssopoides Burch. ex Benth. Herb LC

Corchorus confusus Wild Herb LC

Hermannia coccocarpa (Eckl. & Zeyh.) Kuntze Herb LC

Hermannia depressa N.E.Br. Herb LC

Hermannia oblongifolia (Harv.) Hochr. Herb LC

Sida chrysantha Ulbr. Dwarf shrub LC

Menodora africana Hook. Dwarf shrub, herb LC

Habenaria clavata (Lindl.) Rchb.f. Geophyte, herb LC

Habenaria kraenzliniana Schltr. Geophyte, herb NT

Cycnium adonense E.Mey. ex Benth. Herb, parasite LC

Andropogon eucomus Nees Graminoid LC

Aristida congesta Roem. & Schult. subsp. barbicollis (Trin. & Rupr.) De Winter Graminoid LC

Aristida congesta Roem. & Schult. subsp. congesta Graminoid LC

Aristida junciformis Trin. & Rupr. subsp. junciformis Graminoid LC

Arundinella nepalensis Trin. Graminoid LC

Digitaria ternata (A.Rich.) Stapf Graminoid LC

Eragrostis chloromelas Steud. Graminoid LC

Eragrostis curvula (Schrad.) Nees Graminoid LC

Eragrostis heteromera Stapf Graminoid LC

Hyparrhenia anamesa Clayton Graminoid LC

Microchloa kunthii Desv. Graminoid LC

Miscanthus junceus (Stapf) Pilg. Graminoid LC

Paspalum notatum Flüggé Graminoid Not Evaluated

Paspalum scrobiculatum L. Graminoid LC

Setaria pumila (Poir.) Roem. & Schult. Graminoid LC

Sporobolus africanus (Poir.) Robyns & Tournay Graminoid LC

Talinum caffrum (Thunb.) Eckl. & Zeyh. Dwarf shrub, herb, succulent LC

Cliffortia linearifolia Eckl. & Zeyh. Shrub LC

Pygmaeothamnus chamaedendrum (Kuntze) Robyns var. setulosus Robyns Dwarf shrub LC

Hebenstretia dura Choisy Dwarf shrub, shrub LC

Solanum capense L. Dwarf shrub, shrub LC

Solanum retroflexum Dunal Herb LC

Lantana rugosa Thunb. Shrub LC



Appendix B:  SABAP 2 Bird Lists for Pentads 
  



SABAP 2 Bird Lists

Common Name Scientific Name Sightings Reporting Rate

Barbet, Black-collared Lybius torquatus 1 100.00%

Bishop, Southern Red Euplectes orix 1 100.00%

Bishop, Yellow-crowned Euplectes afer 1 100.00%

Bokmakierie, Bokmakierie Telophorus zeylonus 1 100.00%

Bulbul, Dark-capped Pycnonotus tricolor 1 100.00%

Bunting, Cinnamon-breasted Emberiza tahapisi 1 100.00%

Canary, Black-throated Crithagra atrogularis 1 100.00%

Chat, Anteating Myrmecocichla formicivora 1 100.00%

Cisticola, Cloud Cisticola textrix 1 100.00%

Cisticola, Lazy Cisticola aberrans 1 100.00%

Cisticola, Levaillant's Cisticola tinniens 1 100.00%

Cisticola, Wing-snapping Cisticola ayresii 1 100.00%

Cisticola, Zitting Cisticola juncidis 1 100.00%

Coot, Red-knobbed Fulica cristata 1 100.00%

Cormorant, Reed Phalacrocorax africanus 1 100.00%

Crombec, Long-billed Sylvietta rufescens 1 100.00%

Cuckoo, Diderick Chrysococcyx caprius 1 100.00%

Cuckoo, Red-chested Cuculus solitarius 1 100.00%

Dove, Laughing Streptopelia senegalensis 1 100.00%

Duck, Yellow-billed Passer melanurus 1 100.00%

Duck, Yellow-billed Anas undulata 1 100.00%

Egret, Cattle Bubulcus ibis 1 100.00%

Egret, Little Egretta garzetta 1 100.00%

Falcon, Lanner Falco biarmicus 1 100.00%

Fiscal, Common Lanius collaris 1 100.00%

Flycatcher, Spotted Muscicapa striata 1 100.00%

Goose, Egyptian Alopochen aegyptiacus 1 100.00%

Grebe, Little Tachybaptus ruficollis 1 100.00%

Heron, Grey Ardea cinerea 1 100.00%

Ibis, African Sacred Threskiornis aethiopicus 1 100.00%

Ibis, Glossy Plegadis falcinellus 1 100.00%

Ibis, Hadeda Bostrychia hagedash 1 100.00%

Lapwing, Blacksmith Vanellus armatus 1 100.00%

Lark, Rufous-naped Mirafra africana 1 100.00%

Longclaw, Cape Macronyx capensis 1 100.00%

Martin, Banded Riparia cincta 1 100.00%

Masked-Weaver, Southern Ploceus velatus 1 100.00%

Mousebird, Red-faced Urocolius indicus 1 100.00%

Myna, Common Acridotheres tristis 1 100.00%

Neddicky, Neddicky Cisticola fulvicapilla 1 100.00%

Paradise-Flycatcher, African Terpsiphone viridis 1 100.00%

Pipit, African Anthus cinnamomeus 1 100.00%

Pipit, African Anthus cinnamomeus 1 100.00%

Plover, Kittlitz's Charadrius pecuarius 1 100.00%

Plover, Three-banded Charadrius tricollaris 1 100.00%

Sandpiper, Marsh Tringa stagnatilis 1 100.00%

Sandpiper, Wood Tringa glareola 1 100.00%

Seedeater, Streaky-headed Crithagra gularis 1 100.00%

Shoveler, Cape Anas smithii 1 100.00%



Sparrow, Cape Passer melanurus 1 100.00%

Sparrow, Southern Grey-headed Passer diffusus 1 100.00%

Spoonbill, African Platalea alba 1 100.00%

Starling, Cape Glossy Lamprotornis nitens 1 100.00%

Starling, Red-winged Onychognathus morio 1 100.00%

Sunbird, White-bellied Cinnyris talatala 1 100.00%

Swift, Horus Apus horus 1 100.00%

Tchagra, Black-crowned Tchagra senegalus 1 100.00%

Teal, Red-billed Anas erythrorhyncha 1 100.00%

Tit-Babbler, Chestnut-vented Parisoma subcaeruleum 1 100.00%

Turtle-Dove, Cape Streptopelia capicola 1 100.00%

Wagtail, Cape Motacilla capensis 1 100.00%

Waxbill, Blue Uraeginthus angolensis 1 100.00%

Wheatear, Mountain Oenanthe monticola 1 100.00%

Whydah, Pin-tailed Vidua macroura 1 100.00%

Widowbird, Long-tailed Euplectes progne 1 100.00%

Wryneck, Red-throated Jynx ruficollis 1 100.00%



Appendix C:   SIBIS Faunal Species List for 2730CC 
  



SABIS Fauna 2730CC

Family Scientific Name

Baetidae Baetis latus Invertebrate

Baetidae Baetis bellus Invertebrate

Baetidae Baetis bellus Invertebrate

Baetidae Pseudocloeon vinosum Invertebrate

Baetidae Centroptilum excisum Invertebrate

Belostomatidae Unidentified Belostomatidae Invertebrate

Caenidae Unidentified Caenidae Invertebrate

Caenidae Unidentified Caenidae Invertebrate

Caenidae Unidentified Caenidae Invertebrate

Caenidae Unidentified Caenidae Invertebrate

Caenidae Unidentified Caenidae Invertebrate

Caenidae Unidentified Caenidae Invertebrate

Ceratopogonidae Bezzia sp. Invertebrate

Ceratopogonidae Bezzia sp. Invertebrate

Ceratopogonidae Bezzia sp. Invertebrate

Ceratopogonidae Bezzia sp. Invertebrate

Ceratopogonidae Culicoides sp. Invertebrate

Chironomidae Unidentified Chironomidae Invertebrate

Chironomidae Unidentified Chironomidae Invertebrate

Chironomidae Unidentified Chironomidae Invertebrate

Chironomidae Unidentified Chironomidae Invertebrate

Chironomidae Unidentified Chironomidae Invertebrate

Chironomidae Unidentified Chironomidae Invertebrate

Chironomidae Unidentified Chironomidae Invertebrate

Chironomidae Pentaneura sp. Invertebrate

Chironomidae Pentaneura sp. Invertebrate

Chironomidae Pentaneura sp. Invertebrate

Chironomidae Rheotanytarsus sp. Invertebrate

Chrysomelidae Sphaeroderma sp. Invertebrate

Chrysomelidae Sphaeroderma sp. Invertebrate

Chrysomelidae Sphaeroderma sp. Invertebrate

Clariidae Clarias sp. Invertebrate

Coenagrionidae Pseudagrion salisburyense Invertebrate

Cyclopidae Ectocyclops phaleratus Invertebrate

Cyprinidae Barbus viviparus Invertebrate

Diaptomidae Unidentified Diaptomidae Invertebrate

Dytiscidae Unidentified Dytiscidae Invertebrate

Dytiscidae Unidentified Dytiscidae Invertebrate

Dytiscidae Laccophilus sp. Invertebrate

Dytiscidae Laccophilus sp. Invertebrate

Dytiscidae Hydaticus sp. Invertebrate

Dytiscidae Hydaticus servillianus Invertebrate

Dytiscidae Bidessus sp. Invertebrate

Dytiscidae Bidessus sp. Invertebrate

Dytiscidae Peschetius sp. Invertebrate

Dytiscidae Methles sp. Invertebrate

Dytiscidae Hydrocoptus sp. Invertebrate

Elmidae Unidentified Elmidae Invertebrate

Elmidae Leptelmis sp. Invertebrate



Elmidae Leptelmis sp. Invertebrate

Elmidae Helminthopsis sp. Invertebrate

Elmidae Helminthopsis sp. Invertebrate

Elmidae Haplelmis sp. Invertebrate

Ephydridae Unidentified Ephydridae Invertebrate

Ephydridae Unidentified Ephydridae Invertebrate

Gyrinidae Aulonogyrus alternatus Invertebrate

Gyrinidae Aulonogyrus alternatus Invertebrate

Gyrinidae Orectogyrus sp. Invertebrate

Gyrinidae Orectogyrus sp. Invertebrate

Gyrinidae Orectogyrus sp. Invertebrate

Gyrinidae Aulonogyrus sp. Invertebrate

Gyrinidae Aulonogyrus sp. Invertebrate

Gyrinidae Aulonogyrus sp. Invertebrate

Gyrinidae Aulonogyrus sp. Invertebrate

Gyrinidae Aulonogyrus sp. Invertebrate

Haliplidae Peltodytes sp. Invertebrate

Hebridae Unidentified Hebridae Invertebrate

Heptageniidae Notonurus sp. Invertebrate

Heptageniidae Notonurus sp. Invertebrate

Hydrachnidae Unidentified Hydrachnidae Invertebrate

Hydrachnidae Unidentified Hydrachnidae Invertebrate

Hydrachnidae Unidentified Hydrachnidae Invertebrate

Hydrachnidae Unidentified Hydrachnidae Invertebrate

Hydrachnidae Unidentified Hydrachnidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydraenidae Unidentified Hydraenidae Invertebrate

Hydridae Unidentified Hydridae Invertebrate

Hydrophilidae Berosus sp. Invertebrate

Hydrophilidae Unidentified Hydrophilidae Invertebrate

Hydrophilidae Unidentified Hydrophilidae Invertebrate

Hydrophilidae Laccobius sp. Invertebrate

Hydrophilidae Helochares sp. Invertebrate



Hydropsychidae Unidentified Hydropsychidae Invertebrate

Hydropsychidae Amphipsyche sp. Invertebrate

Hydroptilidae Unidentified Hydroptilidae Invertebrate

Hydroptilidae Unidentified Hydroptilidae Invertebrate

Hydroptilidae Unidentified Hydroptilidae Invertebrate

Hydroptilidae Hydroptila sp. Invertebrate

Hydroptilidae Hydroptila sp. Invertebrate

Hydroscaphidae Unidentified Hydroscaphidae Invertebrate

Leptoceridae Athripsodes sp. Invertebrate

Leptoceridae Triaenodes sp. Invertebrate

Leptoceridae Unidentified Leptoceridae Invertebrate

Leptoceridae Triaenodes sp. Invertebrate

Leptoceridae Triaenodes sp. Invertebrate

Leptoceridae Triaenodes sp. Invertebrate

Leptoceridae Parasetodes sp. Invertebrate

Leptoceridae Parasetodes sp. Invertebrate

Leptoceridae Leptocerina sp. Invertebrate

Macrothricidae Macrothrix sp. Invertebrate

Muscidae Unidentified Muscidae Invertebrate

Muscidae Unidentified Muscidae Invertebrate

Nepidae Ranatra sp. Invertebrate

Nepidae Ranatra sp. Invertebrate

Pleidae Plea sp. Invertebrate

Stratiomyidae Unidentified Stratiomyidae Invertebrate

Tipulidae Unidentified Tipulidae Invertebrate

Tipulidae Unidentified Tipulidae Invertebrate

Unidentified Diptera Unidentified Diptera Invertebrate

Veliidae Unidentified Veliidae Invertebrate

Veliidae Microvelia sp. Invertebrate
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Comment of the possible occurrence of the snail 
Cochlitoma simplex within the Farm Alleen 2 and 
within the footprint of the proposed opencast mine 
extension at Magdalena Colliery near Dundee. 
 
by  
 
D.G. Herbert 
 
30 Payn St, Pietermaritzburg, 3201, South Africa. 
Tel. (083) 797 1357. E-mail: phasianella@gmail.com 
 
 
 

 
Cochlitoma simplex, the Thukela Agate Snail 

 
 
 
 
 
 
 
 
 
 
 
 
 
15 December, 2013 



 2 

The following observations are based upon the overlays of the farm boundary 
and the open cast extension footprint (supplied by GCS) onto Google Earth 
and my own observations having visited the area of the Magdalena Colliery in 
connection with the biodiversity off-set for the proposed mine dump extension 
to the south of the existing dump. 
 
The habitat currently occurring in the footprint of the proposed open cast 
extension is already highly degraded. Much of it appears to have been settled 
by the local community and has been cultivated to varying extents. A 
substantial portion also shows signs of being heavily eroded. It is thus much 
transformed from its original condition.  
 
The same applies to much of the Farm Alleen 2 property. There is an area in 
the south-west of the property (centered on 27.95048°S: 30.16786°E) that 
retains what is likely to be scrubby indigenous bush, but this lies within the 
local community settlement and it is thus likely to be quite extensively grazed 
and degraded. It is possible that Cochlitoma simplex may occur there, 
particularly if the soils are calcium-rich like those occurring in the vicinity of the 
proposed mine dump extension, but the long term viability of the population is 
already probably at considerable risk. Habitat on the adjacent property 
(centered on 27.95108°S: 30.15185°E) appears to be of much greater extent 
and in much better condition. 
 
Cochlitoma simplex is rather catholic in its habitat preferences. It will tolerate 
relatively hot and dry conditions and may occur in relatively open habitats. 
However, its ability to survive in such harsh environments is dependent upon 
there being sufficient sheltering microhabitats in which it can seek protection 
from heat and desiccation. These microhabitats are provided by the bush 
clumps and small trees which would occur naturally in the area. Where these 
have been removed and the environment exposed to disturbance (grazing, 
trampling and crop planting), it is almost certain that C. simplex would not be 
able to survive. Since there is very limited indigenous bushy vegetation in the 
footprint of the proposed opencast extension and levels of disturbance are 
high, it cannot be considered a significant habitat for the conservation of C. 
simplex. The same in fact applies to the whole of Farm Alleen 2. Major 
rehabilitation work would be needed in order to alter this situation. 
 
The conservation of the species in this area would be more effectively 
addressed by identifying tracts of relatively pristine indigenous vegetation 
where there are existing populations of the snail and then implementing 
measures to protect these habitats in a sustainable manner. 
 
 

15/xii/2013 
 



Appendix E:   SABCA Butterfly Species List for 2830AA 
 
 

 



SABCA 2830AA

Family Genus Species Subspecies Common name Red list category No. records Atlas region endemic

HESPERIIDAE Gegenes niso niso Common hottentot Least Concern 2025 0

HESPERIIDAE Kedestes wallengrenii wallengrenii Wallengren's ranger Least Concern 2025 0

LYCAENIDAE Actizera lucida Rayed blue Least Concern 2025 0

LYCAENIDAE Aloeides swanepoeli Swanepoel's copper Least Concern 2025 1

LYCAENIDAE Anthene amarah amarah Black striped hairtail Least Concern 2025 0

LYCAENIDAE Anthene definita definita Common hairtail Least Concern 2025 0

LYCAENIDAE Anthene minima minima Little hairtail Least Concern 2025 0

LYCAENIDAE Anthene otacilia otacilia Otacilia hairtail Least Concern 2025 0

LYCAENIDAE Axiocerses tjoane tjoane Eastern scarlet Least Concern 2025 0

LYCAENIDAE Azanus natalensis Natal babul blue Least Concern 8100 0

LYCAENIDAE Cupidopsis cissus cissus Common meadow blue Least Concern 4050 0

LYCAENIDAE Eicochrysops messapus mahallakoaena Cupreous blue Least Concern 4050 0

LYCAENIDAE Euchrysops dolorosa Sabie smoky blue Least Concern 4050 0

LYCAENIDAE Lampides boeticus Pea blue Least Concern 4050 0

LYCAENIDAE Lepidochrysops ignota Zulu blue Least Concern 2025 1

LYCAENIDAE Lepidochrysops patricia Patricia blue Least Concern 2025 0

LYCAENIDAE Lepidochrysops plebeia plebeia Twin-spot blue Least Concern 2025 0

LYCAENIDAE Leptotes pirithous pirithous Common zebra blue Least Concern 2025 0

LYCAENIDAE Lycaena clarki Eastern sorrel copper Least Concern 2025 1

LYCAENIDAE Myrina silenus ficedula Common fig tree blue Least Concern 2025 0

LYCAENIDAE Tarucus sybaris sybaris Dotted blue Least Concern 4050 0

LYCAENIDAE Uranothauma nubifer nubifer Black heart Least Concern 12150 0

LYCAENIDAE Zintha hintza hintza Hintza pierrot Least Concern 2025 0

LYCAENIDAE Zizeeria knysna knysna African grass blue Least Concern 4050 0

NYMPHALIDAE Acraea horta Garden acraea Least Concern 2025 0

NYMPHALIDAE Byblia ilithyia Spotted joker Least Concern 2025 0

NYMPHALIDAE Catacroptera cloanthe cloanthe Pirate Least Concern 4050 0

NYMPHALIDAE Charaxes brutus natalensis White-barred charaxes Least Concern 2025 0

NYMPHALIDAE Danaus chrysippus orientis African monarch, Plain tiger Least Concern 4050 0

NYMPHALIDAE Junonia hierta cebrene Yellow pansy Least Concern 4050 0

NYMPHALIDAE Precis archesia archesia Garden commodore Least Concern 4050 0



NYMPHALIDAE Precis octavia sesamus Gaudy Commodore Least Concern 8100 0

NYMPHALIDAE Telchinia rahira rahira Marsh acraea Least Concern 4050 0

NYMPHALIDAE Vanessa cardui Painted lady Least Concern 4050 0

NYMPHALIDAE Ypthima asterope asterope African ringlet Least Concern 4050 0

NYMPHALIDAE Ypthima impura paupera Impure ringlet Least Concern 4050 0

PAPILIONIDAE Papilio demodocus demodocus Citrus swallowtail Least Concern 4050 0

PAPILIONIDAE Papilio nireus lyaeus Green-banded swallowtail Least Concern 2025 0

PIERIDAE Belenois aurota Brown-veined white Least Concern 4050 0

PIERIDAE Colotis euippe omphale Smoky orange tip Least Concern 2025 0

PIERIDAE Eronia cleodora Vine-leaf vagrant Least Concern 2025 0

PIERIDAE Eurema brigitta brigitta Broad-bordered grass yellow Least Concern 8100 0

PIERIDAE Eurema desjardinsii regularis Angled grass yellow Least Concern 2025 0

PIERIDAE Eurema hecabe solifera Lowveld yellow Least Concern 2025 0
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PRELIMINARY ECOLOGICAL ASSESSMENT REPORT 

for the proposed extension of the Magdalena Colliery 

 Discard Dump, Amajuba Local Municipality, KZN

PART 1: PRELIMINARIES 

1 INTRODUCTION 

GCS Water and Environmental Consultants (GCS) is managing the Environmental Impact Assessment 

(EIA) process for the proposed extension of the Magdalena Colliery Discard Dump project (MCDD) on 

behalf of the client, Forbes Coal (Pty) Ltd.  Zunckel Ecological + Environmental Services (ZEES) was 

appointed to conduct the Preliminary Ecological Assessment for the MCDD. 

Forbes Coal intends to expand the size of the Magdalena Colliery discard dump from 33 295.05m2 

(3.33ha) to 389 703.04m2 (38.97ha) (expansion of 356 407.98m2/35.64ha) in order to accommodate 

the operational life of the company’s mining operations at the Magdalena and Aviemore collieries. 

In terms of the Mineral and Petroleum Resources Development Act, 2002 (Act No. 28 of 2002) 

(MPRDA), the approved EMPR (and mining right) under the MPRDA will need to be amended and 

updated to reflect the proposed changes to the existing operations and to be in accordance with the 

requirements of the MPRDA. As part of this amendment, an impact assessment report is required to 

identify any new potential impacts that may occur in addition to those identified in the original EIA 

Report and inform and guide the selection of appropriate mitigation and management measures. 

In terms of the National Environmental Management Act, 1998 (Act No. 107 of 1998) (NEMA), the 

proposal requires environmental authorisation from the KZN Department of Agriculture and 

Environmental Affairs (DAEA) subject to a full Scoping and Environmental Impact Assessment. 

 

2 LEGISLATIVE BACKGROUND 

In terms of biodiversity, South Africa has signed and ratified a number of international treaties, 

protocols and agreements, the following of which are relevant here: 

• Lusaka Agreement on Co-operative Enforcement Operations Directed at Illegal Trade in Wild 

Fauna and Flora (1974). 

• Convention on International Trade in Endangered Species (CITES) (1975). 

• Convention on Wetlands of International Importance, especially as Waterfowl Habitat (Ramsar) 

(1975). 

• Convention on Conservation of Migratory Species of Wild Animals (Bonn Convention) (1991). 

• Convention on Biological Diversity (CBD) (1995). 

• Cartagena Protocol on Biosafety (2003). 
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Biodiversity conservation is implemented inter alia within the framework of the following national 

policy and legislation: 

• South Africa’s Constitution (Act 108 of 1996), including the Bill of Rights (Chapter 2, Section 24) 

• Conservation of Agricultural Resources Act, 1983 (Act 43 of 1983) 

• Marine Living Resources Act, 1998 (Act 18 0f 1998) 

• Mountain Catchment Areas Act (Act 63 of 1970). 

• National Water Act, 1998 (Act 36 of 1998) 

• National Forests Act, 1998 (Act 84 of 1998) 

• National Environmental Management Act (Act No. 107 of 1998) 

• National Environmental Management: Protected Areas Act, 2003 (Act 57 of 2003) 

• National Environmental Management: Biodiversity Act, 2004 (Act 10 of 2004) 

• National Environmental Management: Waste Management Act (Act 59 of 2008) 

• National Environmental Management: Air Quality Act (Act 39 of 2004). 

The national policy on biodiversity was published in 1997, i.e. the White Paper on the Conservation 

and Sustainable Use of South Africa’s Biological Diversity.  The Department of Environmental Affairs 

and Tourism prepared the National Biodiversity Strategy and Action Plan (NBSAP) (DEAT, Country 

Study 2005) to establish a clear framework and a plan of action for the conservation and sustainable 

use of South Africa’s biodiversity and the equitable sharing of benefits derived from its use. 

 

3 TERMS OF REFERENCE 

In general an ecological assessment is conducted to determine the biodiversity value of the 

proposed extension of the Magdalena Colliery Discard Dump Project site.  The assessment consists 

of two components: a Desktop Assessment and a Field Assessment.  The Desktop Assessment 

involves an analysis of spatial information from the Ezemvelo KZN Wildlife (EKZNW) Provincial 

Systematic Conservation Plan (SCP), provincial databases and other sources (e.g. aerial 

photography).  The Field Assessment is a ground-truthing exercise that involves verification of the 

results of the Desktop Assessment and capturing of any new information.  The field survey was 

conducted on 21st May 2013 by two seasoned ecologists from Zunckel Ecological + Environmental 

Services.  Thereafter, the findings of the desktop and field work are collated and analysed, and 

recommendations are made. 

The following terms of reference were applied to the preliminary ecological specialist study (EKZNW, 

2009): 

 

3.1 VEGETATION SPECIALIST STUDIES 

Vegetation types must be aligned with those mapped on the most recent SANBI maps using the BGIS 

website, or by using the EKZNW data request form for EKZNW vegetation maps. 
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1. Surveys must take place during the summer season (beginning of November to end of April1).  If 

the area has been burnt, the survey must be undertaken after vegetation has recovered. 

2. Surveys must encompass the site and all relevant adjacent properties (specialist to determine 

radius based on condition of adjacent properties and expected buffer requirements). 

3. Reports must include details of type and condition of plant communities. 

4. Report must evaluate whether the degraded portions of the property have the potential for 

rehabilitation back to or close to its historical natural condition / state. 

5. Specific map requirements: 

a. The location and extent of all vegetation types on the study site and survey area must be 

delineated. 

b. Transformed areas to be identified and broadly categorised, viz. agriculture tilled, agriculture 

other, infrastructure, etc. 

c. The extent of the above various areas to be indicated in hectares. 

d. For the identified vegetation types, the conservation status (threat category: provincial, 

national and global) and ecological condition (indicate primary: excellent, good, moderate, 

poor; and secondary vegetation) must be indicated. 

 

3.2 FAUNAL SPECIALIST STUDIES 

1. Specific attention must be given to species historically recorded on site, and those confirmed or 

predicted to occur on site. 

2. Assessments to cover all breeding, foraging, roosting, aestivation and hibernation assessments. 

3. Surveys must encompass the site and all relevant adjacent areas as per 2. above. 

4. The report must: 

a. Differentiate between identified habitats (as per 11. above). 

b. Provide details on the status / condition of the habitats identified during the survey. 

c. Provide the conservation and population status and viability of the species utilising or 

predicted to utilise these habitats. 

d. Evaluate whether the site contains viable habitat for the re-colonisation of the species 

predicted to occur on the site, but which were not recorded as being present in the surveys, 

as well as the rehabilitation potential if habitat is degraded. 

5. Specific map requirements: 

a. The location of all sightings and the location and extent of red list, protected and endemic 

populations on the study site and survey area must be mapped, the population extent may 

also be determined based on habitat preferences (methods of this must be included in the 

report). 

b. The location and extent of all know and predicted habitats (breeding, foraging, roosting, 

aestivation and hibernation) on the site and survey area must be mapped.  The condition of 

these must be clearly indicated (e.g. primary, degraded, transformed, etc.). 

 

                                                           
1
 Note that the field visit was conducted on 21 May 2013, just outside of the stipulated timeframe. 
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4 METHODS 

4.1 COLLECTION AND REVIEW OF EXISTING ENVIRONMENTAL DATA, 

ENVIRONMENTAL GAP ANALYSIS 

A comprehensive desktop study was carried out to document all known and predicted biodiversity 

and ecological information regarding the study area.  This included the following: 

1. An interrogation of Ezemvelo KZN Wildlife’s Systematic Conservation Planning2 Tools (aquatic 

and terrestrial) in respect of features of conservation importance and evaluation in terms of 

Systematic Conservation Planning. 

The following spatial data layers were used for the Desktop Assessment of the site: 

• Satellite image (if orthophoto not available) 

• 1 : 50 000 topographical map 

• Cadastral layer 

• KZN Vegetation Types layer, 2011 

• KZN Terrestrial Systematic Conservation Plan 2011 

• National Biodiversity Assessment, 2012 

• Critical Biodiversity Areas & Ecological Support Areas coverage, 2011 

• Transformation / landcover layer, 2005 and 2008 

• Macro ecological corridors layer 

• KZN Wetlands layer, 2011 

• Road layer  

• 2010 Protected area layer 

• 20-year Protected areas expansion layer, 2010 

• River layer 

• Water yield areas 2011 

• Freshwater SCP, 2007 

• Project boundaries and proposed infrastructure 

• National Freshwater Ecosystem Priority Areas 

 

2. An evaluation of the modelled conservation importance of the vegetation on the site in terms of 

Ezemvelo KZN Wildlife conservation planning targets.  Ezemvelo KZN Wildlife, as the authority 

mandated to conserve biodiversity in KZN, will need to comment on the Biodiversity and 

Ecological Assessment, as accurate interpretation of the Provincial Systematic Conservation 

Plans is crucial to ensure that developmental opportunities can be exploited without foreclosing 

on future opportunities based upon biodiversity assets. 

3. An interrogation of the Ezemvelo KZN Wildlife Biodiversity and Strategic Environmental 

Assessment database (Goodman, 2000). 

4. An inspection of available GIS databases on Endemic and Red Data species in KwaZulu-Natal. 

5. A literature search on all Red Data Book species predicted to occur in the study area, including 

plants, mammals, birds, reptiles, amphibians, fish, insects and millipedes. 

6. Establish the environmental baseline in terms of the benchmark condition (as per Acocks Veld 

Type, Bio-Resource Group and other studies, if applicable) for comparative on-site 

investigations. 

7. An initial remote sensing mapping exercise, identifying land use, important habitats and 

vegetation types, hydrological systems, and contextualising the significance of the natural asset 

on the study site. 

                                                           
2
 Note that the project area falls outside of the Ekangala project area so these spatial products were not used. 
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8. Consultation with conservation and environmental bodies (including the Ezemvelo KZN Wildlife, 

the Wildlife and Environment Society of South Africa, etc. if applicable). 

9. A statement on assumptions and gaps in knowledge, and identification of further work required 

(if applicable). 

 

4.2 STATUS QUO ASSESSMENT 

The desktop findings were ground-truthed by preliminary fieldwork comprising species identification 

and habitat evaluation. The walkover study took place in early winter (21st May 2013) for a 

reasonable comprehensive plant and faunal species list whereby two seasoned ecologists walked the 

entire site to identify any populations of conservation significance.  Specific methods that were used 

to carry out the ground truthing are discussed briefly below. 

 

4.2.1 Flora 

The untransformed portions of the property (as identified by the kml file provided by GCS) were 

traversed by a series of transects placed to ensure that any variability in vegetation and land cover 

was proportionally accommodated.  Each transect was walked with a view to identify the presence 

and/or absence of plant species that were predicted to occur based on the desktop study.  A record 

of species present at the time of the survey was kept and geo-referenced to the particular transect.  

In addition to the presence/absence of species, habitat condition was also assessed with both 

vegetation and basal cover recorded and geo-referenced.  Photo images were captured of the 

various plants, vegetation and land cover types encountered on the transects as a record of the 

condition and variability of the flora component. 

 

4.2.2 Fauna 

All observations of faunal activity (primarily through actual sightings, spoor, dung, burrows and 

nests) were noted during walking the transects, recorded and geo-referenced.  No trapping was 

carried out to verify the presence/absence of species predicted to occur. 

 

4.2.3 Habitat Condition 

The combination of observations made in the flora and fauna surveys provided an overall picture of 

habitat condition which was noted after the transects for each habitat type were completed and 

were backed up by photographs and a descriptive analysis of transect observations. 
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PART 2: BIODIVERSITY & ECOLOGICAL ASSESSMENT 

5 DESCRIPTION OF THE PROPERTY 

5.1 LOCALITY 

The area targeted in this project lies within the Amajuba District and Dannhauser Local Municipality 

(KZ254), 22 km north of Dundee to the west of the existing property Magdalena 7574 into Portion 1 

of the Farm Mooidoorn Hoek No. 3722.  The proposed extension of the Magdalena Colliery Discard 

Dump lies to the south west of the existing works (see Figure 1).  The focus of this study is in the 

proposed extension area and not the existing works which is already transformed. 

 

Figure 1: Location of the existing and proposed Magdalena Colliery Discard Dump (1:50 000 

WGS2730CC basemap) 

 

5.2 TOPOGRAPHY 

The site falls on the eastern aspect of Mount Johanna, just below the crest of the ridge from 1286 to 

1341 mamsl, rising 55 across 395m giving a 14% average slope across the site.  The slope follows a 

typical profile, being steeper towards the top and becoming less steep towards the toe.  A number 

of non-perennial water courses drain from this ridgeline within the property, giving the site some 

topographical variation, which has a negligible influence on biodiversity and habitat types, as 

discussed in Section 6.2.  The project area is too small to provide a diverse mosaic of habitat types 

but even slight variations, topographical or otherwise, may provide opportunity for a diversity of 

biota with different habitat requirements to exist within this relatively small area. 

 

Legend: 
Existing works 

Proposed Magdalena 

Colliery Discard Dump 

R272 to 

Dundee 

���� 
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5.3 CLIMATE 

The project area falls within the Sour Sandvelt Bioresource Group (BRG 14) which occurs as an 

extensive area roughly in a triangle between Newcastle, Vryheid and Dundee, with a second sub-

group in the Wasbank district and a third, on the Cedarville Flats in southern KZN (Camp, 1997).  The 

mean annual range in rainfall is 645 mm to 737 mm and the mean annual temperature is 16.0°C.  

Summers are warm to hot and droughts occur frequently.  Frost is moderate, with the occasional 

severe frost.   

 

5.4 GEOLOGY AND SOILS 

The site consists of a series of horizontally layered sedimentary units of the Vryheid formation 

located within the Ecca Group of the Karoo Supergroup. These sediments comprise successions of 

sandstones, shales, mudstones, carbonaceous shales and coal seams. The Ecca Group overlies rocks 

of the Dwyka Group. 

The site is described as bare rock in the 2008 KZN land cover map.  The soil nutrient status of the 

sandy soils is poor and drainage in many areas is poor where sandy topsoils override subsoils with 

high clay content.  The project area falls within a low (2) sediment yield region showing a low erosion 

index (Msadala, 2010). 

 

5.5 HYDROLOGY AND WATER RESOURCES 

The proposed development falls within Water Management Area 7, the Thukela River catchment, 

and more specifically the Buffalo River sub-Catchment and Quaternary Catchment V32D which is 596 

km2 and has a mean annual precipitation of 743.9 mm and an evaporation rate of 1845.2 mm.  This 

implies a negative water balance which emphasises the importance of healthy aquatic features from 

a water storage and streamflow regulation perspective.  The catchment’s mean annual surface run-

off is 49.7 mm which implies a significant amount of infiltration and ground water recharge. 

According to the National Freshwater Ecosystem Priority Areas (NFEPA) (Nel, et al. 2011), the V32D 

Quaternary Catchment is a Fish Support Area and associated sub-catchment.  Fish sanctuaries for 

rivers in a good condition (A or B ecological category) were identified as FEPAs.  The remaining fish 

sanctuaries, as in this case, in rivers lower than an A or B ecological condition were identified as Fish 

Support Areas.  Fish Support Areas also include sub-quaternary catchments that are important for 

migration of threatened fish species.  Ideally, the river condition should be improved and alien 

invasive fish should be removed from Fish Support Areas, so that these subquaternary catchments 

can maintain their fish populations. 

Ezemvelo KZN Wildlife’s Freshwater Systematic Conservation Plan (SCP) (EKZNW, 2007) classifies the 

project to fall within planning unit 506 as being Available (i.e. untransformed biodiversity areas but 

not optimally required to meet biodiversity targets).  The implications of this for the MCDD area is 

that the ‘available’ portions are available for development.  However, there is an important 

Temperate Alluvial Vegetation: Midland Floodplain Grassland 1 km east of site into which the 
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property drains (Figure 2) and cognisance of this and ground-truthing of its condition needs to be 

taken during the Hydrological Specialist Study in the overall EIA. 

 

Figure 2: Significant wetlands in relation to the project area (EKZNW, 2011b) 

 

5.6 LAND USE 

The affected environment is a rural area that is at the interface between commercial farming, mainly 

beef extensive grazing from the east, south and west; and subsistence farmers to the north.  The 

existing colliery is relatively small (<15 Ha).  The project footprint has been the subject of quite heavy 

impact in terms of over-grazing by cattle, sheep and goats. 

 

6 ECOLOGICAL ASSESSMENT 

The ecological assessment has been based on the analysis of both desktop and field work findings 

which have been captured and discussed in the six sub-sections below.  From these findings and 

discussions, and considering that this is a preliminary assessment, it can be concluded that the 

conservation status of the MCDD extension site may be considered as being of moderate 

importance.  This subjective status implies that the precautionary principle is to be applied until 

further specialist studies have been undertaken to provide additional information as indicated in the 

discussion below.  In terms of provincial systematic conservation planning, the MCDD extension site 

is currently classified as a ‘Biodiversity Priority Area 3’ within the 2010 Ezemvelo KZN Wildlife 

Conservation Plan.  This indicates the presence of one (or more) features with a low irreplaceability 

score.  However, additional studies will provide the clarity that is required and confirm if the 

conservation status moves either to a low or high status, which will have implications as to the 

extent of mitigation actions that will be required. 

Legend: 
Proposed Magdalena Colliery Discard Dump 

Temperate Alluvial Vegetation: Midland Floodplain 

Grassland 

Dams 
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6.1 VEGETATION TYPES 

The MCDD project area falls within the Grassland Biome in the Sub-Escarpment Grassland Bioregion 

and is bisected roughly in half in a northeast southwest plane by two vulnerable vegetation types: 

Income Sandy Grassland and Glencoe Moist Grassland (KZN Veg Type 9 or national veg type Gs 4) as 

illustrated in Figure 3. 

The Income Sandy Grassland (KZN Veg type 10 or SANBI Veg Type Gs 7 occurs in a large triangle 

between Newcastle, Vryheid and Dundee and larger polygon in the Wasbank area in northern 

KwaZulu-Natal at an altitude range of 880–1 340 m (mainly 1 120–1 240 m) (Muchina and 

Rutherford, 2006).  Its historical coverage is 463,487.24 Ha with 44.59% natural habitat remaining.  

The vulnerable conservation status is due to the fact that the conservation target of 23.56% has not 

been attained as none of the vegetation type is conserved in statutory conservation areas.  Some 

55.41% has been transformed for cultivation, plantations and by urban sprawl.  A small portion of 

the area has been lost to the building of dams (Klipfontein, Mvunyane).  No serious infestations of 

invasive alien plants have been observed, probably due to the low nutrient status of soils (Figure 4). 

The Glencoe Moist Grassland (KZN Veg Type 9) or Northern KwaZulu-Natal Moist Grassland (SANBI 

veg type Gs 4) occurs in the northern and northwestern regions of the Province, where it forms a 

discontinuous rim around the upper Thukela Basin and is situated almost entirely within the 

catchment of the Thukela River (Muchina and Rutherford, 2006).  The most extensive areas are in 

the vicinity of Winterton, Bergville, Fort Mistake, Dannhauser, Dundee, north of Ladysmith and west 

of Newcastle.  It occurs at an altitude range of 1 040–1 440 m.  Its historical coverage is 300 063.72 

Ha with 49.86 % natural habitat remaining.  The vulnerable conservation status is due to the fact that 

the conservation target of 24% has not been attained and only 45 Ha is conserved in the 

uKhahlamba Drakensberg Park as well as in the Chelmsford, Spioenkop, Moor Park, Wagendrift, and 

Ncandu Nature Reserves.  Some 50.14% has been transformed either for cultivation, plantations and 

urban sprawl or by the building of dams (Chelmsford, Driel, Kilburn, Mtoti, Wagendrift, Windsor and 

Woodstock). Invasive alien plants commonly include Acacia dealbata, Rubus, Eucalyptus and Populus 

and bush encroachment by indigenous pioneer species is common. 

It must be noted that there are differences between the national and provincial data sets used in 

this report, specifically as this relates to coverage and transformation levels and so as a rule, the KZN 

datasets have been applied which are considered to be more refined. 

 

6.2 VEGETATION COMMUNITIES 

At a broad scale there are two vegetation types that occur on the site and these are Glencoe Moist 

Grassland and Income Sandy Grassland (EKZNW, 2009b) (see Figure 3).  Further to this it appears 

from a national database on invasive alien plant infestations that the site is relatively free of these 

and this was confirmed by the field survey (see Figure 4).  At a finer scale the ecological assessment 

differentiated only minor distinctive vegetation communities based on different growth forms and 

species composition (Figure 5).  Such small scale variations in community structure are, inter alia, 

due to changes in soil characteristics (such as soil type, fertility and water content), differences in 

relief as well as historical landuse. 
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The sub-sections that follow provide a broad assessment of habitat condition.  The discussion 

captured in the sub-sections below provides additional insight into these aspects of the vegetation 

communities. 

 

Figure 3: Vegetation Types in relation to the MCDD project area (EKZNW, 2009b) 

 

Figure 4: National IAP Survey - Quaternary Catchment V32D (Kotze et al., 2010) 

Legend: 
Proposed Magdalena Colliery Discard Dump 

Existing works 

Glencoe Moist Grassland 

Income Sandy Grassland 

Existing Magdalena 

Colliery Discard Dump 
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6.2.1 Existing Magdalena Colliery Discard Dump 

The existing works is completely transformed and did not form part of this assessment. 

 

6.2.2 Cleared flat veld 

There is a strip of land adjacent to the barbed wire fence surrounding the existing works that has 

been cleared of trees, presumably as a fire break.  Grass species dominate, especially Cynodon 

dactylon, which occurs as a thick cover with little erosion taking place.  The topography is relatively 

flat. 

 

Figure 5: Google Earth imagery of the property indicating the four different vegetation 

communities 

 

6.2.3 Steep and rocky encroached grassland 

The northern most portions of the site and an area towards the south are dominated with large 

boulders and sheets of shale where soils are shallow and basal cover is low (20-30%, including the 

boulders) (Figure 6).  There are signs of micro erosion taking place with very little organic matter 

present.  The vegetation shows signs of encroachment with species, i.e. Acacia karroo, dominating 

together with Diospyros lycioides, A. robusta and Tarenna junodii in the tree layer.  The grass 

composition is dominated by mainly inceasers, i.e. Cynodon dactylon, Eragrostis curvula, Eragrostis 

racemosa, Paspalum dilatatum, Sporobolus africanus, Aristida congesta and Melinis repens.  Very 

few weeds are present, the only exception being Verbena aristigera, and signs of overgrazing are 

apparent. 

Legend: 
Existing Magdalena Colliery Discard Dump 

Cleared flat veld 

Steep and rocky encroached grassland 

Older more established community 

Eroded gullies 
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Figure 6: Steep and rocky encroached grassland 

 

6.2.4 Older more established trees 

Trees of greater stature dominate the central portions of the site (Figure 7).  A greater diversity of 

trees to that of the previous habitat community include, in addition, Searsia lucida, Searsia pentheri, 

Searsia rehmanniana and Gymnosporia buxifolia.  Slopes are slightly less steep and exposed rocks 

and boulders are less with the ground surface better covered than the ‘Steep and rocky encroached 

grassland’.  There are not as many watercourses draining this section of the property.  However, 

there are signs of micro erosion taking place.  Grass composition approximates the previous habitat 

community, being dominated by many of the same increasers.  However a few desirable species, i.e. 

Diheteropogon amplectens and Themeda triandra, were present, although in short supply due to 

heavy overgrazing by goats, cattle and sheep. 

 

Figure 7: Older more established trees 
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6.2.5 Eroded gullies 

The eroded gully areas show signs of macro erosion with very poor plant density and many bare 

patches of soil (Figure 8).  The grass composition is almost exclusively increasers and the tree layer 

was dominated by Acacia karroo shrubs that were low in stature. 

 

Figure 8: Eroded gullies 

 

6.3 SPECIES OF SPECIAL CONCERN 

The conservation status of species for all groups of taxa is determined using categories3 prescribed 

by the International Union for Conservation of Nature (IUCN) (IUCN, 2011), with additional 

                                                           
3
IUCN Categories: 
Critically Endangered (CR) – the species is considered to be facing an extremely high risk of extinction in the wild, based 

on IUCN criteria. 

Endangered (EN) – the species is considered to be facing a very high risk of extinction in the wild, based on IUCN criteria. 

Vulnerable (VU) – the species is considered to be facing a high risk of extinction in the wild, based on IUCN criteria. 

Near Threatened (NT) – when evaluated against IUCN criteria, does not qualify for a Threatened category but is close to 

qualifying for or is likely to qualify in one of those categories in the near future. 

Least Concern (LC) – the species has been evaluated against the five IUCN criteria and does not qualify for the categories 

CE, EN, V or NT. 

Data Deficient (DD) – there is inadequate information regarding the species’ population size, distribution or threats for 

an assessment to be made. 

Not Evaluated (NE) – the species has not yet been evaluated. 

Additional South African categories: 

Rare (R) – A species meets any of the four South African criteria for rarity, but it is exposed to any direct or plausible 

potential threat and does not qualify for a category of threat according to the five IUCN criteria. 

Declining – the species does not meet any of the five IUCN criteria and does not qualify for the categories CE, EN, V or 

NT, but there are threatening processes causing a continuing decline in the population. 
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categories developed specifically for the South African context (Raimondo, 2009).  This system is 

designed to determine the relative risk of extinction, with the main purpose of the IUCN Red List to 

catalogue and highlight those taxa that are facing a higher risk of global extinction with those listed 

as Critically Endangered (CR), Endangered (EN) and Vulnerable (VU) collectively considered as 

Threatened.  The IUCN Red List also includes information on taxa that cannot be evaluated because 

of insufficient information (i.e. Data Deficient) as well as taxa that are close to meeting the 

threatened thresholds (i.e. Near Threatened). 

It is important to note that the totals reflected in the right hand column of both Table 1 and Table 2 

are not absolute but have been calculated to avoid double accounting, i.e. in recognition of the fact 

that certain species may be on the Red Data list, while also being endemic and/or protected. 

The EKZNW Terrestrial Systematic Conservation Plan (TSCP) is a strategic plan to ensure that 

representative examples of biodiversity are conserved in the province. The TSCP GIS database 

facilitates decision-making for land use and conservation planning, with the aim of meeting 

development and biodiversity conservation goals in KwaZulu-Natal. The importance of an area is 

determined on the basis of ‘irreplaceability’, which is entirely dependent on the determination and 

adoption of conservation targets for each element of biodiversity to be included into the analysis. 

Irreplaceability scores can range from 0 to 1.  As was already stated in the Introduction to Section 6, 

the site in question has a low score meaning that there are still many options available for meeting 

biodiversity conservation targets. 

The EKZNW biodiversity database had no records for this area, which could be that the area has not 

been surveyed previously.  The Irreplaceability (2007), MINSET (2011) and SEA databases (2000) 

revealed just a few species as summarised in the Tables below and detailed in Appendix 1 & 2.  

These were added to by field observations. 

 

6.3.1 Flora 

The MCDD area has not been surveyed in detail but from a preliminary site walk-over was found to 

support no threatened or protected species (Table 1).  Of those already listed, 2 are endemics (both 

herbs) and 9 are Harvestable Natural Resources.  A detailed list of Red Data plant species used in 

Table 1 is provided in APPENDIX 1: A preliminary list of Red Data, Endemic and Harvestable 

plant species found within the project area. 

Table 1: Summarised conservation status of floral groups within project area (after SANBI, 

2013) 

Group 

Conservation status 
Naturalised 

Endemics 
Endemics 

Protected 

Spp 

Harvestable 

Natural 

Resources 

Total 
CR EN VU NT R 

Declining / 

Lower Risk 
DD LC 

EKZNW (predicted to occur) 

Herbs
#
 

       
1 

 
0 

  
1 

Total 0 0 0 0 0 0 0 1 0 0 0 0 1 

Field Survey 

Climbers 
      

1 2 
  

0 2 5 

Graminoids 
       

12 
  

0 4 16 

Herbs
#
 

      
1 7 1 2 0 0 11 
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Group 

Conservation status 
Naturalised 

Endemics 
Endemics 

Protected 

Spp 

Harvestable 

Natural 

Resources 

Total 
CR EN VU NT R 

Declining / 

Lower Risk 
DD LC 

Trees* 
      

1 7 
  

0 3 11 

Total 0 0 0 0 0 0 3 28 1 2 0 9 43 

 * Including species of cycad # Including geophytic herbs (e.g. Orchids) and aquatic herbs 

 

6.3.2 Fauna 

There are a total of 3 SA Red Data faunal species of special concern that are known to occur or likely 

to occur within the MCDD area.  An additional 2 species are considered endemic to the region.  In 

terms of Red Data fauna, there is 1 Critically Endangered and 1 Endangered (Table 2).  A detailed list 

of Red Data fauna used in Table 2 is provided in APPENDIX 2: A preliminary list of Red Data, 

Endemic and Protected Animal species found within the project area. 

Table 2: Summarised conservation status of faunal groups within the project area (after 

IUCN, 2011) 

Group 

Conservation status   
Naturalised 

Endemics 
Endemics 

Protected 

Spp 
Total 

CR EN VU NT R 
Declining / 

Lower Risk 
DD LC 

EKZNW Databases (predicted to occur) 

Birds 1                     1 

Invertebrates - 

Insects 
                  1   1 

Invertebrate - 

Millipedes 
  1               1   2 

Invertebrates - 

Molluscs 
            1         1 

Total 1 1 0 0 0 0 1 0 0 2 0 5 

Field Survey 

Birds        6   1   7 

Mammals          4     4 

Invertebrates - 

Annelids 
               0 

Invertebrates - 

Molluscs 
         

 
1   1 

Reptiles        1       1 

Total 0 0 0 0 0 0 0 7 4 2 0 13 

From the photograph provided by EKZNW of the gastropod Cochlitoma simplex
4 (Smith 1878) (see 

Figure 9) it is believed from the shells found on site (see Figure 10) that we have a confirmed sighting 

of this species of mollusc which is a KZN endemic found in the Colenso area, Emaweni Game Ranch, 

near Brakfontein, and Isandlwana NR, Thukela Basin, Kranskop and Mooi River north towards 

Ladysmith and the area of Nqutu, South Africa.  Its shell is described as ‘relatively small and squat, 

whorls globose and spire low, columella curved leftwards.  Colour yellowish-brown with faint 

reddish-brown streaks, apex pink tinged. Length to 70 mm but usually not more than 60 mm.  Its 

preferred habitat is thickets near rivers, bushveld, grassy savanna 

(http://arnobrosi.tripod.com/snails/arch.html) and it was located in the steep and rocky encroached 

grassland on site (GPS Co-ordinates: 27°58'45.33"S & 30°11'37.42"E) which is suitable habitat.  It is 

recommended that a mollusc specialist should be consulted to confirm its presence but see Section 

0 for preliminary mitigation recommendations. 

                                                           
4
 Formerly named Archachatina simplex. 
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Figure 9: Isandlwana NR Cochlitoma simplex 

underside (source – EKZNW) 

Figure 10: MCDD project area Cochlitoma 

simplexi shells 

 

The distribution of the millipede Doratogonus minor is unknown since it has been modelled on only 

a single specimen that was collected in the grassland between Vryheid and Newcastle in north-

western KwaZulu-Natal (Hamer, 2006).  Measurements of the area of similar habitat to where D. 

minor was collected indicate that the area of occurrence is likely to be less than 3,000 km².  While it 

may occur on site, none were found, nor was it sampled for specifically.  The impact of development 

on the site would no doubt impact on the millipede species.  It is therefore recommended, unless 

EKZNW deem it necessary to investigate further, no further action is required due to the site’s 

degraded state through heavy utilisation by livestock. 

The potential impact on the butterfly Durbania amakosa subs. natalensis is discounted on account of 

the small area of habitat lost given the scale at which this species occurs.  It occurs on mountain 

slopes amongst rocky outcrops from the Suurberg Mountains north of Port Elizabeth, northwards to 

the KZN Midlands, and from Pinetown and Pietermaritzburg northwards to Mpumalanga (Migdoll, 

1997).  From egg to adult, the entire lifecycle of this butterfly is spent on the rocks feeding on lichen.  

Suitable habitat may occur on site, though no individuals were encountered during the site walk-

over, nor was it sampled for specifically at this preliminary stage.  This species’ habitat is highly 

susceptible to being ‘laid waste by the ravages of goats’ (Henning, 1990) so it is unlikely that if a 

colony ever did exist on site, it will be present.  However, provided stocking rates were kept in check, 

a rocky ridgeline offset area could present an opportunity for future colonisation of this species. 

Of the Threatened Bird Species that are predicted to occur in the area (SABAP2’s Pentad 

2755_3010), none were found.  Nor does suitable habitat exist on site for the White-winged flufftail.  

However, the impacts on site are likely to affect downstream sites where populations may exist, 

though its presence should be further investigated before it can be conclusively said that the White-

winged flufftail do not occur there.  In any event, the precautionary principle should be applied with 

careful environmental management on site through an EMPr with strict compliance thereof 

throughout all phases of the project so that downstream impacts are minimised. 

It is unlikely, considering the level of use for grazing, that much wildlife naturally occurs on the 

property, however it may be the case that some antelope, i.e. Common Duiker and possibly some 

nocturnal animals, use the property from time to time.  There was quite a lot of avifaunal activity 

observed during the field investigation but there were no species of special concern noted and no 
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nests were located.  Only ant burrows were found (Figure 11).  Whilst animals are unlikely to adapt 

to human disturbance during blasting and heavy mining activities, habituation is expected away from 

the mine and possibly near the MCDD provided noise impacts from vehicles are mitigated, 

depending on the species and the amount of natural habitat that remains. 

 

Figure 11: Ant burrows located at GPS Coordinates 27°58'57.97"S & 30°11'38.32"E 

 

6.4 PROTECTED AREAS AND OTHER CONSERVATION AREAS5 

Protected areas are areas of land that, according to the National Environmental Management: 

Protected Areas Act (Act 57 of 2003), are protected by law and as a result these areas are managed 

for the conservation of biodiversity.  The protected areas include several categories, namely: special 

nature reserves, nature reserves and protected environments; world heritage sites; specially 

protected forest areas, forest nature reserves and forest wilderness areas declared in terms of the 

National Forests Act (Act 84 of 1998); and mountain catchment areas declared in terms of the 

Mountain Catchment Areas Act (Act 63 of 1970).  South Africa’s protected area network currently 

falls far short of sustaining biodiversity and ecological processes (Government of South Africa, 2010).  

This is largely due to the non-uniform distribution of protected areas across the country resulting in 

large gaps in the protected areas network. 

                                                           
5
 Conservation Areas are areas of land not formally protected by law but informally protected by the current 

owners and users and managed at least partly for biodiversity conservation. Because there is no long-term 

security associated with conservation areas, they are not considered a strong form of protection (NPAES, 

2008). 
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It is important to differentiate protected areas from general conservation areas, which are areas of 

land not formally protected by law but informally protected by the current owners and users and 

managed at least partly for biodiversity conservation (Government of South Africa, 2010).  As a 

result, conservation areas are not regarded as land having a strong form of protection due to their 

indefinite assurance as conservation areas.  For this reason, many conservation areas are not 

targeted by national and provincial conservation organisations.  However, informal conservation 

area arrangements can be useful as ‘entry-level’ biodiversity stewardship agreements, and over time 

may lead to contract agreements.  Existing conservation areas can also provide a useful starting 

point for pursuing contract agreements, as long as they fall within important areas for protected 

area expansion. 

The areas surrounding the MCDD area contain a number of formally protected areas and other 

conservation areas (Figure 12). 

• The nearest feature is the Hattingspruit Conservancy, which lies just 3.3 km to the southwest of 

the project area and is 1883 Ha in extent.  There are other conservancies >10km from the site. 

• Chelmsford Nature Reserve is a provincial protected area 25km to the west of the site and is 

6845 Ha in extent. 

• Boschoek Training Area is a natural heritage site (Site No. 179) lying 28 km to the SSW and is 

4158 Ha in extent. 

• There are no TFCAs, World Heritage Sites, Ramsar Sites or Community Conservation Areas within 

25km of the site. 

 

Figure 12: Protected areas and other conservation areas adjacent to the study area (EKZNW, 

2010a) 
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6.5 PROTECTED AREA EXPANSION 

EKZNW has a 20-year Protected Area Expansion Strategy (PAES), the nearest portions of which are 

>20km from the site (Figure 12).  This strategy is based on the outcomes of the various systematic 

conservation planning products produced by EKZNW and which identify areas of terrestrial, aquatic 

and marine habitat that are required to meet biodiversity conservation targets.  The PAES also seeks 

to secure areas of land not protected within the macro-ecological corridors (Section 6.6.3). 

 

6.6 SENSITIVE ECOSYSTEMS 

6.6.1 Threatened Terrestrial Ecosystems 

The National Spatial Biodiversity Assessment (2004) and more recent National Biodiversity 

Assessment (2012) outlined the ecosystem status of vegetation types, derived from the new 

vegetation map of South Africa (Mucina, et al., 2004 and Rouget, et al., 2004).  The threatened 

ecosystems surrounding the site do not differ in any way from the vegetation types outlined in 

Section 6.1 above. 

 

6.6.2 Critical Biodiversity Areas and Ecological Support Areas 

The two primary categories used in the biodiversity mapping, and which are the most critical for 

biodiversity management, are: 

• Critical Biodiversity Areas (CBAs) – terrestrial and aquatic features that are crucial for 

supporting biodiversity features, ecosystem functioning and providing ecological services.  CBAs 

are important for maintaining conservation targets and as such should be retained in a natural 

state to ensure the continued existence of species and that ecosystem processes and delivery of 

services from these systems are maintained.  CBAs may be identified by virtue of their being one 

or more of the following: 

o Formally protected areas. 

o Important biodiversity areas according to the EKZNW Terrestrial Systematic Conservation 

Plan (EKZNW, 2011c), which defines all mandatory and negotiated reserves (MinSet) – 

irreplaceable areas including all areas that are mandatory for achieving minimum 

biodiversity conservation targets for the KZN province. 

o Areas proposed under the Protected Areas Expansion Programme. 

o Proposed stewardship sites selected on the basis that such areas are selected according to 

the MinSet. 

o Critically Endangered and Endangered ecosystems according to the draft threatened 

ecosystems of South Africa (SANBI and DEAT, 2009). 

o All indigenous forests based on the EKZNW forest coverage (EKZNW, 2005). 

• Ecological Support Areas (ESAs) – terrestrial and aquatic areas that are not necessarily 

important for ensuring that conservation targets are met, however they play a number of 

important roles in the landscape, including; supporting the ecological functions of CBAs, 

delivering ecological services (e.g. flood attenuation, provision and regulation of river flows, 
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carbon sequestration, etc.).  Developments within or adjacent to ESAs are only permissible if the 

land uses allow for the continued functionality of the ESAs. 

• Ecosystem Goods and Service Areas (EGSAs) are areas wherein life-supporting and essential 

benefits to humans, from natural processes (ecosystem functions), are derived (Millennium 

Ecosystem Assessment, 2006).  Aquatic EGSAs include all remaining aquatic systems not defined 

as CBAs and ESAs, both natural (i.e. wetlands and riparian habitat) and artificial systems (e.g. 

man-made dams and river diversions), mapped within the Amajuba District.  All aquatic systems 

are automatically buffered by 32m. 

The above principles follow a hierarchical process where areas of lower importance may be nested 

within areas of higher importance.  Other categories, ranked in decreasing levels of biodiversity 

importance, include natural, degraded natural, old cultivated lands, agriculture and built-up areas. 

Figure 13 illustrates that the existing MCDD area is ‘built-up settlement’ with the majority of the 

expansion area being transformed, the lower-lying portions being optimal CBA36.  There are also 

important wetlands (EGSAs) immediately to the northwest of the site and to the east as mentioned 

in Section 5.5.  This implies that there are important biodiversity features within these areas which 

therefore received priority attention during the field survey in order to verify their habitat condition 

and the presence of important species. 

 

Figure 13: Critical Biodiversity Areas 

The field survey revealed a number of inaccuracies in the 2008 KZN Province Land Cover map: 

                                                           
6
 CBA 3 Optimal areas are areas are identified through systematic conservation planning software which represent the 

best localities out of a potentially larger selection of available PU’s that are optimally located to meet both the 

conservation target but also the criteria defined within the Decision Support Layers. 

Existing Magdalena 

Colliery Discard Dump 
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1. Although the extent of the ‘Built up dense settlement’ class of the existing MCDD is correct, it 

should have been categorised ‘Mines and quarries’. 

2. The rocky ridgeline into which the expansion area falls may be heavily impacted on, but is not 

transformed.  This may have been due to any land class not being a CBA, ESA or EGSA being 

grouped into this land class type.  ‘Degraded grassland’ or ‘natural vegetation’ may have been 

more appropriate, in this case. 

3. Because of the scale of this map provided at a District level as a jpeg image, it is difficult to 

accurately position the true extent of the MCDD extension area.  From the field investigation, 

there are no ‘CBA 3 Optimal’ occurring on site.  However, the fact that the site is in close 

proximity to this feature, means that best practice environmental management guidelines 

should be applied to the construction and operation of this mine. 

 

6.6.3 Macro Ecological Corridors 

Biodiversity corridors are defined as ‘networks of interconnected terrestrial and aquatic habitat 

areas which allow linkages and passage of species and ecological processes across transformed 

landscapes’.  The maintenance of connectivity is essential to a number of movement-related 

ecological processes, including species migrations, seasonal and altitudinal dispersal, and range 

displacement in response to climate change. 

SANBI’s National Spatial Biodiversity Assessment (NSBA, 2004) delineated a number of macro 

ecological corridors throughout the country which, Provincially Ezemvelo KZN Wildlife (2005) have 

refined into 17.  None of the macro ecological corridors affect the project area as the site site within 

a triangle between the Berg, Chelmsford and Thukela corridors which, at their nearest range are 

>20km away from site. 

These corridors relate to regional connectivity to ensure the persistence of ecosystem processes.  A 

number of ecological principles formed the basis of the area selection process: 

• Corridors located along major climatic and upland-lowland gradients, including east–west and 

north-south corridors, were selected in order to cater for potential impacts of climate change on 

the biota of the region. 

• The principle of connectivity within and between vegetation types was a key principle in the 

selection of vegetation Critical Biodiversity Areas (CBAs). 

• Large areas were selected in preference to small areas on account of the impact of 

fragmentation. 

 

6.6.4 Connectivity and Porosity 

Connectivity is defined as “the degree of physical connectedness of natural asset across the 

landscape of interest”. Ensuring that natural asset remains well connected is a fundamental 

requirement for maintaining biodiversity integrity. A key conservation objective is to maintain critical 

links of regional connectivity both within the site and surrounding landscape.  An evaluation of the 

role that the site plays in connectivity for biodiversity depends also on the extent to which the 

surrounding transformed landscape functions in terms of porosity. 
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Porosity is defined “as the ease with which organisms (plant or animal) can move across a landscape 

through use of both natural asset and transformed areas”. Whilst animals with a high degree of 

mobility (such as antelope, birds, dragonflies, etc.) can travel quickly across large distances, and do 

not need to forage en route, less mobile creatures require forage at regular intervals within the 

vegetation they are moving through. In terms of flow of organisms across a landscape, the mine is 

located within a relatively undisturbed landscape with respect to other transformed areas and 

natural asset. 

The property is surrounded largely by primarily natural areas, with the exception of the north (Figure 

13) and the mine has the potential to obstruct the movement of fauna and flora through its property 

and into adjacent lands by simple virtue of the mechanical nature of the mining activity, through 

land transformation, as well as for larger species by its perimeter fence. 

Disturbance from mining activities will obviously accompany the development, of which noise is 

considered the most significant.  Noise will deter many of the more sensitive species from using the 

area even if it still contains suitable habitat. 

 

6.6.5 Ekangala Grasslands 

The Ekangala Grasslands project is currently being funded and managed through the WWF-SA in 

partnership with the National Grasslands Programme of the South African National Biodiversity 

Institute (SANBI) and the provincial conservation agencies of the Free State, Mpumalanga and KZN.  

It aims to establish a grasslands biosphere reserve of approximately 1 million hectares across the 

boundaries of these three provinces.  This area lies >30km to the north and west of the project area.  

It therefore has little bearing on this assessment. 

 

7 LIMITATIONS FOR THE PROPOSED DEVELOPMENT 

On the basis of the desktop analysis and the field survey results, there are no fatal flaws for the 

project as a whole.  However, from a biodiversity perspective there are some limitations which are 

listed and discussed below and require further investigation in terms of project feasibility. 

• The presence of the gastropod Cochlitoma simplex on site requires a commentary from EKZNW a 

mollusc specialist as to the protection level required, and whether the site should be avoided, 

relocation is required, or an offset site is necessary to protect this species. 

• It is recognised that the entire site may be used for the proposed MCDD extension and therefore 

the non-perennial watercourses will be impacted on.  While it is recognised that the mine 

captures and recycles its water, it is critical that before any water leaves the site, it is impounded 

and treated to DWA General or Special Standards with on-going water quality monitoring.  The 

downstream wetlands, must also be assessed as part of the Hydrological Specialist Study of this 

EIA in terms of their importance and sensitivity at a scoping level and then if further studies are 

warranted they should be undertaken to protect the impact from the MCDD. 

• The site’s close proximity to a CBA 3 Optimal feature, means that best practice environmental 

management guidelines should be applied to the construction and operation of this mine. 
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• Although social considerations are not part of the brief for the preliminary ecological 

assessment, it is clear from both the desktop and field components that there is a link between 

the natural resource base in the MCDD area and local community livelihood strategies.  The 

ecologists observations in the field showed much evidence of the presence of livestock and 

therefore it can be inferred that the adjacent communities utilise the area for grazing and 

browsing, and as this is an isolated patch of woody vegetation in an area dominated by 

grassland, it is also highly likely that they abstract other resources such as fuel wood, building 

material, medicinal plants, etc.  Consequently, it is recommended that a social impact 

assessment be carried out to determine the potential impact of the MCDD on these livelihood 

strategies which appear to be largely subsistence-based at present and related to the 

consumption of grazing and fodder available on site (Figure 14).  The reason that this is included 

in this assessment is because these activities may well be displaced and therefore bring about 

increased pressure on adjacent natural resources. 

Figure 14: Extensive grazing by goats, cattle & sheep on the MCDD extension site 
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8 PRELIMINARY ASSESSMENT OF IMPACTS AND 

RECOMMENDED ACTIONS 

The broad context of this preliminary impact assessment from an ecological perspective is that the 

site is located within two vulnerable vegetation types with relatively high connectivity and porosity 

to the south.  The presence of the KZN endemic mollusc elevates the biodiversity significance of the 

site.  However, field observations show that the site has been impacted on through grazing and 

browsing by livestock, lowering the biodiversity value of the MCDD property to moderate, but 

retaining the potential for recovery. 

The mitigation measures proposed for the purpose of limiting the impacts on faunal species, 

community structures and supporting habitat pertaining to the proposed extension of the MCDD are 

listed below in Table 3 together with the associated potential impacts. 

The rationale behind the identification of impacts is based on the fact that the development 

footprint is going to include coverage of the entire site with discard from the coal mine, as well as 

haulage roads which will impact on areas adjacent to the site.  In the absence of information 

provided as to the details, localities and extent of such related activities and infrastructure, the 

identification of these impacts has been based on general assumptions, i.e. there will be additional 

disturbance outside of the development footprint particularly related to haulage roads.  There is no 

differentiation between construction and / or operational activities.  Note also that they may be 

subject to revision if a more detailed assessment is commissioned. 

Table 3: Summary of the potential impacts of the proposed project and their mitigation 
measures 

Potential environmental impact and 

project activity 
Proposed mitigation 

Loss of biodiversity – the dumping of mining discard 

on the proposed MCDD extension area will result in 

the complete loss of all biodiversity on site. 

Use the natural veld that will be impacted by the proposed extension area for 

relocation onto the adjacent decommissioned discard dump/s and/or related 

mine workings. 

The Contractor is to check that vegetation clearing has the prior permission of the 

Ecologist / ECO. 

Topsoil should be stripped to a soil depth of 150mm from the extension areas and 

immediately relocated into areas being re-vegetated. 

Secure an offset area following the Norms and Standards for Biodiversity Offsets: 

KwaZulu-Natal Province (EKZNW, Feb. 2013) to replace the loss of natural habitat 

and to ensure the persistence of the snail and potentially also and the millipede 

and butterfly if they existed on site. 

Water Quality - Incorrect disposal of substances and 

materials and polluted leachate and run-off can have 

serious negative effects on ground and surface 

water quality. 

Dumping of discard material must take place on a on an impermeable surface. 

Every effort should be made to ensure that any hazardous substances, i.e. acid 

mine drainage, do not contaminate the soil or water (surface and ground) 

downstream of the site.  These attenuation ponds need to be sufficient to capture 

1:50 year storm events. 

All wastewater shall be treated to DWA general standards before being released 

from site. 

Soil Erosion and Stormwater Run-off - impacts on 

downstream aquatic biodiversity can be caused by 

unmanaged storm water run-off particularly from 

the discard dump and haulage roads. 

To prevent storm water damage and soil erosion, the increase in storm water 

runoff resulting from the discard dump and surrounds must be estimated and the 

drainage system planned and managed accordingly. 

Adequate storm water attenuation must be designed into the haulage road 

drainage so as to ensure that run-off enters the adjacent natural environment and 

is slowed down to promote infiltration, thereby avoiding accelerated erosion. 

Dust / Air Quality – dust coming off the MCDD and 

haulage roads through vehicular traffic and/or wind 

will smother adjacent natural vegetation reducing 

habitat integrity. 

Haulage roads, the discard dump and areas that have been stripped of vegetation 

must be dampened periodically to avoid excessive dust.  Wind screening or 

covering with green shade cloth should also be undertaken in problematic areas, 

i.e. the discard dump. 
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Potential environmental impact and 

project activity 
Proposed mitigation 

Noise impacts – can cause disturbance to natural 

fauna and adjacent communities. 

Construction vehicles / machines are to be fitted with standard silencers prior to 

the beginning of construction 

Equipment that is fitted with noise reduction facilities (e.g. side flaps, silencers, 

etc.) will be used as per operating instructions and maintained properly during 

site operations. 

Social impacts - Loss of access to natural resources, 

i.e. fuel wood, grazing, etc. 

Manage access to resources within the offset area within sustainability 

thresholds, i.e. stocking rates, so that important biodiversity elements, i.e. the 

snail, millipede and butterfly, are allowed to persist. 

If the natural resource base on the offset area is inadequate to make up the 

adjacent community’s needs, then compensation shall be required. 

 

9 RECOMMENDATIONS AND CONCLUSIONS 

The MCDD project area falls within the Grassland Biome in the Sub-Escarpment Grassland Bioregion 

and is bisected roughly in half in a northeast southwest plane by two vulnerable vegetation types: 

the Income Sandy Grassland and Glencoe Moist Grassland.  On foot the ecologists differentiated 

only four minor distinctive vegetation communities based on different growth forms and species 

composition due to changes in soil characteristics, topographical differences as well as historical 

landuse.  A broad field assessment of habitat condition revealed that the site has been heavily 

impacted on by grazing of livestock and has no critical biodiversity areas. 

The EKZNW biodiversity database had no records for this area, which could be that the area has not 

been surveyed previously, and the list of potentially threatened flora and fauna predicted to occur 

from the SEA, and TSCP, on site was limited.  However, there were confirmed sightings of the KZN 

endemic mollusc, Cochlitoma simplex.  Since the entire footprint of the MCDD extension area will be 

developed and no natural vegetation will remain, avoidance, mitigation and restoration will not be 

possible (Figure 15). 

 

Figure 15: The Mitigation hierarchy illustrating the potential role of offsets and additional 

conservation actions. 
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It is therefore recommended that a biodiversity offset area will need to be secured according to the 

Norms and Standards for Biodiversity Offsets: KwaZulu-Natal Province (EKZNW, February 2013), i.e. 

the site must: 

• be as close as possible (east-facing and preferably along the same rocky ridgeline); 

• have the same geology, vegetation and rocky habitat types; 

• be in a similar or better ecosystem and habitat condition; 

• must be 1.5 times bigger (see Table 4) and its area to perimeter ration must be as high as 

possible; 

• must be connected and porous (see Section 6.6.4); and 

• should be protected through EKZNW’s Biodiversity Stewardship Programme. 

Table 4 below has been extracted from the Norms and Standards for Biodiversity Offsets: KwaZulu-

Natal Province (EKZNW, February 2013) and provides the area requirements for a biodiversity offset 

area for this site.  Note that the financial provision for securing and managing the biodiversity offset 

area has not yet been calculated at this preliminary stage but will need to be, should EKZNW agree 

with the specialists’ recommendation.  The degraded condition of the site has been taken into 

consideration. 

Table 4: Template for inclusion in authorisation – offset considerations and requirements 

Conservation 

Status of affected 

vegetation type 

Description of 

KZN Vegetation 

Type 

Area of 

residually 

impacted 

vegetation type 

(ha) 

Basic offset 

ration for 

vegetation type 

Condition of 

impacted 

vegetation 

Adjusted offset 

ratio 

Required offset 

area (ha) in the 

same or more 

threatened 

vegetation type, 

to be located in 

a CBA or other 

priority area for 

biodiversity 

conservation
7
 

Vulnerable 

ecosystem 

9 Glencoe Moist 

Grassland 
16.527 3:1 Degraded 1.5:1 24.791 

10 Income 

Sandy Grassland 
5.367 3:1 Degraded 1.5:1 8.051 

Additional offset requirements to take into consideration (as applicable) compensation for residual negative impacts on the following, 

where the above, vegetation-based offset would not accommodate these factors: 

Known viable habitat for 

threatened species 
Special habitats 

Important ecological process 

area / corridor 
Valued ecosystem services 

Cochlitoma simplex and 

possibly also Doratogonus 

minor and Durbania amakosa 

subs. natalensis (size and 

location yet to be determined 

by mollusc specialist) 

Rocky outcrops (size and 

location yet to be determined 

by specialists) 

Additional land not required. 
Grazing land for adjacent 

communities needs to be 

secured (size and location yet 

to be determined by 

specialists). 

 

Should existing populations of Cochlitoma simplex, Doratogonus minor or the Durbania amakosa 

subs. natalensis occur on the proposed offset site, no species relocation from the proposed MCDD 

extension site will be required.  However, if none are present, then a relocation protocol of 

Cochlitoma simplex will need to be drawn up and carried out according to the IUCN Guidelines. 

                                                           
7
 Total offset area required = area residually impacted x adjusted offset ratio. 
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The site is being heavily impacted on by adjacent communities’ livelihood strategies which appear to 

be largely subsistence-based at present and related to the consumption of grazing and fodder 

available on site.  In order to determine their extent of dependence on the property it is 

recommended that the potential impact of the MCDD extension on these communities be 

determined because these activities may well be displaced and therefore bring about increased 

pressure on adjacent natural resources. 

If the MCDD is able to navigate through the above limitations it is recommended that the project be 

planned and implemented according to the latest best practice guidelines available for sustainable 

mining.  The coal mining industry has a poor environmental management track record in the 

highland grassland regions and it is important that this project not repeat the mistakes that have 

been and continue to be made. 

It is the opinion of the ecologists, that the impacts of the proposed development on the fauna and 

their habitats can be mitigated and offset to acceptable levels through implementing the 

recommendations set out in this report. 
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APPENDIX 1: A PRELIMINARY LIST OF RED DATA, ENDEMIC AND HARVESTABLE PLANT 

SPECIES FOUND WITHIN THE PROJECT AREA 

GROUP FAMILY TAXONNAME COMMON NAME SA Red data bk status Endemic Protected 

Harvestable 

Natural 

Resources 

Comment 

EKZNW Databases (MINSET & SEA) - Predicted   

Herb ASPHODELACEAE Kniphofia galpinii Red-hot Poker LC Not endemic to South Africa    

Field Survey   

Climber MALVACEAE Hermannia depressa Climbing Red Hermannia LC Not endemic to South Africa  Yes  

Climber VITACEAE Rhoicissus tridentata Bushman's Grape Not evaluated   Yes  

Climber RANUNCULACEAE Clematis brachiata Traveller's Joy LC Not endemic to South Africa    

Grass POACEAE Diheteropogon amplectens  LC Not endemic to South Africa   Decreaser 

Grass POACEAE Themeda triandra Red Grass LC Not endemic to South Africa   Decreaser 

Grass POACEAE Cymbopogon  LC Not endemic to South Africa  Yes Increaser I 

Grass POACEAE Imperata cylindrica Cotton-wool Grass LC Not endemic to South Africa   Increaser I 

Grass POACEAE Heteropogon contortus Common Spear Grass LC Not endemic to South Africa  Yes Increaser IIa 

Grass POACEAE Cynodon dactylon Common Kweek LC Not endemic to South Africa   Increaser IIb 

Grass POACEAE Eragrostis curvula Weeping lovegrass LC Not endemic to South Africa  Yes Increaser IIb 

Grass POACEAE Eragrostis racemosa Narrow Heart Love Grass LC Not endemic to South Africa   Increaser IIb 

Grass POACEAE Paspalum dilatatum Common Paspalum LC Not endemic to South Africa   Increaser IIb 

Grass POACEAE Sporobolus africanus Ratstail Dropseed LC Not endemic to South Africa   Increaser IIb 

Grass POACEAE Aristida congesta Cat's-tail Three-awned Grass LC Not endemic to South Africa  Yes Increaser IIc 

Grass POACEAE Melinis repens Natal Red Top LC Not endemic to South Africa   Increaser IIc 

Herb ASTERACEAE Felicia erigeroides  LC South African endemic    

Herb ASTERACEAE Gerbera piloselloides Small Yellow Gerbera LC Not endemic to South Africa    

Herb ACANTHACEAE Hypoestes forskaolii White Ribbonbush LC Not endemic to South Africa    

Herb HYACINTHACEAE Ledebouria ovatifolia  LC South African endemic    

Herb LAMIACEAE Leonotis intermedia Broad-leaved Leonotis LC Not endemic to South Africa    

Herb LAMIACEAE Plectranthus hadiensis Wild Purple Salvia LC Not endemic to South Africa    

Herb ASTERACEAE Senecio harveianus Canary weed LC Not endemic to South Africa    

Herb ASTERACEAE Senecio paucicalyculatus  LC Not endemic to South Africa    

Herb VERBENACEAE Verbena aristigera Fine-leaved Verbena Naturalised Exotic Not endemic to South Africa    

Herb ASTERACEAE       Dimorphotheca family 

Tree ANACARDIACEAE Searsia lucida Glossy Currant Not evaluated   Yes  

Tree ANACARDIACEAE Searsia pentheri Common Crow-berry LC Not endemic to South Africa    

Tree ANACARDIACEAE Searsia rehmanniana Blunt-leaved Currant LC Not endemic to South Africa    

Tree CELASTRACEAE Gymnosporia buxifolia Common Spike-thorn LC Not endemic to South Africa    

Tree EBENACEAE Diospyros lycioides Bluebush LC Not endemic to South Africa  Yes  

Tree FABACEAE Acacia karroo Sweet Thorn LC Not endemic to South Africa  Yes  

Tree FABACEAE Acacia robusta Ankle thorn LC Not endemic to South Africa    

Tree RUBIACEAE Tarenna junodii Climbing Tarenna LC Not endemic to South Africa   Out of its normal 

distribution range 
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APPENDIX 2: A PRELIMINARY LIST OF RED DATA, ENDEMIC 

AND PROTECTED ANIMAL SPECIES FOUND WITHIN THE 

PROJECT AREA 

GROUP TAXONNAME COMMON NAME 
SA Red data 

bk status 
Endemic 

EKZNW Databases (MINSET & SEA) - Predicted 

Bird Sarothrura ayresi White-winged flufftail CR EN 
 

Invertebrate - 

Insects 

Durbania amakosa subs. 

natalensis    

Invertebrate - 

Millipedes 
Doratogonus minor Minor Black Millipede Endangered KZN Endemic 

Invertebrates - 

Molluscs 
Archachatina simplex 

   

Field Survey 

Bird Dryoscopus cubla Black-backed Puffback LC Not endemic to South Africa 

Bird Streptopelia senegalensis Laughing Dove LC Not endemic to South Africa 

Bird Lamprotornis bicolor Pied Starling LC 
Endemic to South Africa, Lesotho 

and Swaziland 

Bird Pycnonotus tricolor Dark-capped Bulbul LC Not endemic to South Africa 

Bird Lamprotornis nitens Cape Glossy Starling LC Not endemic to South Africa 

Bird Passer diffusus Southern Grey-headed Sparrow LC Not endemic to South Africa 

Invertebrates - 

Molluscs 
Cochlitoma simplex

8
 

   

Mammals 
 

Cattle LC Naturalised Endemic 

Mammals 
 

Domestic dogs LC Naturalised Endemic 

Mammals 
 

Goats LC Naturalised Endemic 

Mammals 
 

Sheep LC Naturalised Endemic 

Reptiles 
Mabuya striata subs. 

punctatissima 
Striped Skink LC Not endemic to South Africa 

 

                                                           
8
 Formerly named Archachatina simplex. 
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Wetland Assessment 



 The Biodiversity Company 

420 Vale Ave. Ferndale, 2194 

Cell: +27 81 319 1225 

Fax: +27 86 527 1965 

info@thebiodiversitycompany.com 

www.thebiodiversitycompany.com 

 

Simple Operating Systems (Pty) Ltd). Co. Reg. No. 2012/190711/07 
Trading as The Biodiversity Company 

27 September 2018 
 
To whom it may concern 
 
RE: Wetland screening study fur the Magdalena S24G and IWULA update.  
 
The Biodiversity Company was commissioned to undertake a wetland screening assessment for the 
abovementioned project and applications.  
 
An ecological assessment was completed by GCS (2014) titled “Proposed Alleen 2 Open Cast Extension 
at the Magdalena Colliery near Dundee, KwaZulu-Natal: Desktop Ecological Assessment Report.” The 
assessment concluded the following: 
 

 In terms of watercourses, the site is bisected by a number of incised, unnamed first-order 
ephemeral channels and erosion gullies (Figure 1). The onsite channels and their associated 
aquatic and riparian habitats appear to have been completely transformed by intense bed and bank 
erosion and associated headward gulley erosion.  

 

 No wetland areas appear to be present on or immediately downstream and/or adjacent to the 
project site. 
 

The following datasets and the corresponding findings are provided: 

Dataset Comment 

NFEPA No NFEPA wetlands within the 500m regulation area 

Kzn Biodiversity Sector Plan Local Corridors No corridor features within the 500m regulation area 

Kzn Biodiversity Sector Plan Landscape Corridors No landscape features within the 500m regulation area 

Kzn wetland areas No wetlands within the 500m regulation area 

Inland water sources and features for the QDS 2730 
No water sources or features within the 500m regulation 
area 

Land type data for QDS 2730 
The project area is located in the Dc40 land type, the 
dominant soil forms include the Valsrivier and Sterkspruit 
forms. These are not characteristic wetland soils. 

 
 
The abovementioned datasets do not suggest the presence of wetlands within the project area, nor within 
the 500m regulation area.  A number of watercourses have been identified and delineated for the project 
area (Figure 1), but these were confirmed during the 2014 assessment to not be wetland systems.  These 
systems are ephemeral (A Section) and contain storm water and form part of a first order and sometime 
second order streams or rivers. watercourses are almost never (or very seldom) in connection with a zone 
of saturation and they consequently never have base flows (DWAF, 2005). The findings of this screening 
assessment conclude that no wetland areas are likely to be present within the project area. 
 
Regards, 
Andrew Husted 
(Pr Sci Nat 400213/11) 

http://www.google.co.za/imgres?imgurl=http://i1284.photobucket.com/albums/a575/Kutar123/IrediparragallinaceaComb-crestedJacana_zps7c4e9422.png&imgrefurl=http://w11.zetaboards.com/The_Round_Table/topic/8690984/41/&h=294&w=501&tbnid=eQzaGpxgngegcM:&zoom=1&docid=4VURgVRxnzg6nM&hl=en&ei=knBSVOOLJuOP7Ab36IGABQ&tbm=isch&ved=0CC8QMygTMBM&iact=rc&uact=3&dur=951&page=1&start=0&ndsp=20


 

Simple Operating Systems (Pty) Ltd). Co. Reg. No. 2012/190711/07 
Trading as The Biodiversity Company 

 

 
 

Figure 1: The location of the project area in relation to the dataset 

http://www.google.co.za/imgres?imgurl=http://i1284.photobucket.com/albums/a575/Kutar123/IrediparragallinaceaComb-crestedJacana_zps7c4e9422.png&imgrefurl=http://w11.zetaboards.com/The_Round_Table/topic/8690984/41/&h=294&w=501&tbnid=eQzaGpxgngegcM:&zoom=1&docid=4VURgVRxnzg6nM&hl=en&ei=knBSVOOLJuOP7Ab36IGABQ&tbm=isch&ved=0CC8QMygTMBM&iact=rc&uact=3&dur=951&page=1&start=0&ndsp=20
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LIST OF ABBREVIATIONS AND ACRONYMS 

 

EIA Early Iron Age  

 

ESA Early Stone Age  

 

HISTORIC PERIOD Since the arrival of the white settlers - c. AD 1820 in this part of the 

country  

 

IRON AGE  

 

Early Iron Age AD 200 - AD 1000  

Late Iron Age AD 1000 - AD 1830  

 

LIA Late Iron Age  

 

LSA Late Stone Age  

 

MSA Middle Stone Age  

 

NEMA National Environmental Management Act, 1998 (Act No. 107 of 1998 

and associated regulations (2006). 

 

NHRA National Heritage Resources Act, 1999 (Act No. 25 of 1999) and 

associated regulations (2000) 

 

SAHRA South African Heritage Resources Agency  

 

STONE AGE  

 

Early Stone Age 2 000 000 - 250 000 BP  

Middle Stone Age 250 000 - 25 000 BP  

Late Stone Age 30 000 - until c. AD 200  
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EXECUTIVE SUMMARY 

 

A first phase heritage survey of the proposed expansion of the Magdalena Colliery 

near Dundee identified fifty two heritage sites.  These sites include two Later Iron Age 

Sites, and fifty Grave Sites.  Two Iron Age Sites and two Grave Sites are situated more 

than 70m from the proposed mining band expansion as outlined by the developer.  No 

mitigation is necessary.   However, a buffer of 25m must be maintained around these 

sites.  Subsequent to the initial ground survey local community members identified a 

further fourty eight potential Grave Sites.  These graves are unmarked and often 

invisible to the naked eye.  They are situated within the proposed mining band and 

mitigation would be required before development may occur within their immediate 

surrounds.  A second phase heritage impact assessment, by a grave relocation expert, 

will be required should the developer decide to expand the mining operations towards 

this area.   It is also suggested that this second phase heritage impact assessment 

include an active community consultation process as the oral data presented by 

community members may not accord with physical ground survey of the area.  A 

second phase heritage impact assessment will include the application of a permit from 

Amafa and the possible exhumation of relevant graves.  Attention is drawn to the 

South African Heritage Resources Act, 1999 (Act No. 25 of 1999) and the KwaZulu-

Natal Heritage Act (Act no 4 of 2008) which, requires that operations that expose 

archaeological or historical remains should cease immediately, pending evaluation by 

the provincial heritage agency.  

 

 

1 BACKGROUND INFORMATION ON THE PROJECT 

 

Table 1.  Background information 

Consultant: Frans Prins (Active Heritage cc) for GCS 

Type of development: Zinoju Coal (Pty) Ltd wish to extend their open cast coal mine at 

Magdalena Colliery onto the adjacent property (Fig 1).  The 

extended open cast footprint will be 2350m long and 315m wide 

extending north from the existing open cast pit with an approximate 

area of 74 ha (Fig 2).   

Rezoning or subdivision: Rezoning 

Terms of reference To carry out a Heritage Impact Assessment 

Legislative requirements: The Heritage Impact Assessment was carried out in terms of the 

National Environmental Management Act, 1998 (Act No. 107 of 

1998) (NEMA) and following the requirements of the National 

Heritage Resources Act, 1999 (Act No. 25 of 1999) (NHRA) and the 

KwaZulu-Natal Heritage Act, 1997 (Act No. 4 of  2008) 
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1.1. Details of the area surveyed: 

 

The project area is located approximately 30km north of Dundee and approximately 

15km north-east of Dannhauser (Fig 1).  It is situated within the Amajuba District 

Municipality.  The coordinates of the project area are:  270  56’  49.33” S   300  10’ 

07.37”.  The footprint comprises a band approximately 2350m long and 315m wide 

extending north from the existing open cast pit with an approximate area of 74 ha (Fig 

2). It comprises mainly rural residential area which is intercepted by planted fields, 

open areas, woodlands, and overgrazed grassland areas.  Dongas and sheet erosion 

scars occur to the north and south of the band. Some contemporary Zulu homesteads 

occur within the band.  Activities associated with small-scale subsistence farming are 

evident in and around these homesteads that are situated on small square plots. 

 

 

BACKGROUND TO ARCHAEOLOGICAL HISTORY OF AREA 

 

The greater Dannhauser area has never been systematically surveyed for 

archaeological heritage sites.  Only five sites are recorded in the data base of the 

KwaZulu-Natal Museum.  These include two rock art sites with later Stone Age 

material and three Later Iron Age sites with characteristic stone walling. Oliver Davies, 

a pioneer archaeologist, has also recorded Middle Stone Age sites in the greater 

Dannhauser area.   None of these heritage sites occur in the immediate vicinity of the 

project area. 

 

The San were the owners of the land for almost 30 000 years but the local 

demography started to change soon after 2000 years ago when the first Bantu-

speaking farmers crossed the Limpopo River and arrived in South Africa. Around 800 

years ago, if not earlier, Bantu-speaking farmers also settled in the greater 

Dannhauser area. Although some of the sites constructed by these African farmers 

consisted of stone walling not all of them were made from stone.  Sites located 

elsewhere in the KwaZulu-Natal Midlands show that many settlements just consisted 

of wattle and daub structures.  These Later Iron Age sites were most probably 

inhabited by Nguni-speaking groups such as the amaBhele and others (Bryant 1965).  

However, by 1820 the original African farmers were dispersed from this area due to the 

expansionistic policies of the Zulu Kingdom of King Shaka.  African refugee groups 
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and individuals were given permission to settle in the area by the British colonial 

authorities after 1845 where most of them became farm labourers.  After the Anglo-

Zulu war of 1879 and the Bambatha Rebellion of 1911 many of the African people in 

the study area adopted a Zulu ethnic identity.  

European settlement of the area started soon after 1838 when the first Voortrekker 

settlers marked out large farms in the area.  However, most of these farms were 

abandoned in the 1840’s when Natal became a British colony only to be reoccupied 

again by British immigrants.  

The presence of coal in the greater Dundee area was observed by many early 

travellers.  The Voortrekkers, during their battles with the Zulus found coal in the beds 

of streams such as the Steenkoolspruit (coal stream) and in 1839 the British garrison 

commander in Durban, Captain Jervis, sent samples of coal to the Governor of the 

Cape.  In their kitchens farmers burned coal obtained from surface outcrops on their 

lands and it was one of them, Peter Smith of Talana farm, who started sending 

wagonloads of coal to be marketed in Pietermaritzburg.  This enterprise, in 1862, 

actually started the coal industry. In 1880 the first proper geological survey was made 

of the Natal coalfields, by which it was proved that workable deposits were found on 

the farms Dundee and Coalfields. By that time, Peter Smith had already marketed over 

7000 tons of coal.  With Dugald MacPhail and Charles Wilson as partners, he 

developed mining substantially, forming the Dundee Coal and estate Company.  In 

1882 he laid out a town on the farm Dundee to create a center for the coalfields.  In 

1902 this township finally became a municipality. Dannhauser had its beginnings in 

1872 on the farm Palmietfontein and it like Dundee also developed into a busy coal-

mining centre. 

 

2 BACKGROUND INFORMATION OF THE SURVEY 

2.1 Methodology 

 

A desktop study was conducted of the archaeological databases housed in the 

KwaZulu-Natal Museum. The SAHRIS website was consulted for previous heritage 

surveys and heritage site data covering the project area. In addition, the available 

archaeological and heritage literature covering the greater Dannhauser area was also 

consulted. 
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A ground survey, following standard and accepted archaeological procedures, was 

conducted.  Particular attention was focused on the contemporary Zulu homesteads 

situated within the proposed mining band in order to locate graves and other features 

of heritage significance. 

 

2.2 Restrictions encountered during the survey 

 

2.2.1 Visibility 

 

Visibility was good.  

 

2.2.2 Disturbance 

 

No disturbance of any potential heritage features was noted.  

 

2.3 Details of equipment used in the survey 

 

GPS: Garmin Etrek 

Digital cameras: Canon Powershot A460 

All readings were taken using the GPS. Accuracy was to a level of 5 m. 

 

3 DESCRIPTION OF SITES AND MATERIAL OBSERVED 

3.1 Locational data 

 

Province: KwaZulu-Natal 

Municipality: Amajuba District Municipality 

Towns: Dundee, Dannhauser 

 

3.2 Description of the general area surveyed 

 

Fifty two sites were located during the survey.  These include two Late Iron Age Sites 

and Fifty Grave Sites.  The Iron Age and two Grave Sites are situated more than 70m 

from the band demarcated for mining. They are not threatened by the proposed mining 

activities. Seventy individual graves, associated with Grave Site 1, appear to be older 

than 70 years.  These grave sites are therefore protected by heritage legislation.  
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Subsequent to the initial ground survey local community members identified another 

fourty eight potential Grave Sites. These potential Grave Sites are mostly unmarked 

and their location is based on oral data and memory.  They are all located within the 

proposed mining band. Their context need to be affirmed by a grave relocation expert.  

However, their GPS positions are indicated in this report as to sensitize the developers 

towards community graves in the area. 

A more detailed description of the context of these sites is presented in Tables 2 & 3. 

 

 

Table 2.  Heritage sites located during the ground survey.   

N

o 

Heritage 

site 

category 

Brief 

description  

Significance 

(Table 3) 

 Mitigation  GPS 

Latitude 

and 

Longitude 

      

1 Grave Site 1 A rural cemetery 

covering an area of 

approximately 40m x 

20m. It contains 

approximately 70 

individual graves all 

arranged in vertical 

rows.  The graves 

are unmarked and 

consist of soil and 

stone heaps of 

approximately 2m x 

3m each (Figs 3 & 

4). 

Many of the graves 

in this cemetery 

appear to be older 

than 60 years.  They 

are therefore 

protected by 

heritage legislation. 

It appears that this 

cemetery catered for 

the first migrant 

workers who worked 

on the coal mines in 

the area.   It is 

therefore rated as of 

high significance 

locally (Table 3). 

 

Strictly maintain a 

15m buffer zone 

around the cemetery.   

No disturbance is 

allowed within the 

buffer zone.   There is 

no need to motivate 

for mitigation as this 

cemetery is situated 

more than 100m to 

the north of the 

proposed mining 

band expansion. 

 

However, should the 

developers decide to 

expand the mining 

development into this 

area then a second 

phase heritage 

impact assessment 

must be called for.  

This phase must be 

conducted by a grave 

relocation expert. A 

S 27º 56’ 

33.78” 

E 30º 10’ 

13.52”   
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community 

consultation process 

will have to be 

initiated to arrange for 

potential grave 

exhumation and 

reburial (Appendix 1). 

2 Grave Site 2 A small informal 

cemetery consisting 

of 9 individual grave 

sites (Figs 3 & 5).  

The graves are 

arranged in two 

vertical rows.  Each 

grave covers an 

area of 

approximately 2m x 

3m. They consist of 

unmarked soil and 

stone heaps.  The 

graves appear to be 

younger than 60 

years old (Figs 3 & 

5). 

The cemetery is 

rated as of medium 

significance locally 

(Table 3). 

Strictly maintain a 

15m buffer zone 

around the cemetery.  

This small cemetery 

is situated 

approximately 70m to 

the north of the 

proposed mining 

band expansion.  

There is no need for 

mitigation as the site 

is not threatened by 

the proposed 

development.  

 

However, should the 

developers decide to 

expand the mining 

development into this 

area then a second 

phase heritage 

impact assessment 

must be called for.  

This phase must be 

conducted by a grave 

relocation expert. A 

comprehensive 

community 

consultation process 

will have to be 

initiated to arrange for 

potential grave 

exhumation and 

reburial (Appendix 1). 

S 27º 56’ 

27.59” 

E 30º 10’ 

42.54” 

3 Grave Site 3 Three informal 

graves associated 

with an existing 

homestead (Figs 3 & 

6).  The graves 

consist of unmarked 

soil and stone 

The Grave Site is 

rated as of medium 

significance locally 

(Table 3). 

Strictly maintain a 

15m buffer zone 

around the grave 

Site.  These graves 

are situated 

approximately 70m to 

the north of the 

S 27° 56’ 

23.59” E 30° 

10’ 44.48” 
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heaps. Each grave 

covers an area of 

approximately 1.5m 

x 2.8m. The graves 

appear to be 

younger than 60 

years old. 

proposed mining 

band expansion.  

There is no need for 

mitigation as the site 

is not threatened by 

the proposed 

development.  

 

However, should the 

developers decide to 

expand the mining 

development into this 

area then a second 

phase heritage 

impact assessment 

must be called for.  

This phase must be 

conducted by a grave 

relocation expert. A 

comprehensive 

community 

consultation process 

will have to be 

initiated to arrange for 

potential grave 

exhumation and 

reburial (Appendix 1). 

4 Later Iron Age 

Site 1 

Two stone circles of 

approximately 4m x 

5m each.  The site 

appears to be the 

remains of an 

ancient homestead.  

Similar sites were 

built by early  Nguni-

speaking 

agropastoralists in 

KwaZulu-Natal in the 

late 18th century and 

early to middle 19th 

century (Figs 3 & 7). 

These sites are 

protected by 

provincial and 

national heritage 

legislation.  This site 

is rated as of 

medium significance 

(Table 3).  It may not 

be altered or 

destroyed under any 

circumstances. 

Strictly maintain a 

50m buffer zone 

around this site. This 

site is situated 

approximately 100m 

to the north of the 

proposed mining 

band expansion. 

There is therefore no 

need for mitigation.  

However, a second 

phase heritage 

impact assessment 

will be called for, to 

arrange for mitigation, 

should the developers 

decide to expand into 

this area. 

 

 

 

S 27° 56’ 

21.35” E 30° 

10’ 41.00” 
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5 Later Iron Age 

Site 2 

Three individual 

stone walled circles 

of approximately 4m 

x 5 m each.  This 

site was most 

probably an ancient 

homestead inhabited 

by early Nguni-

speaking 

agropastoralists in 

the 18th and 19th 

centuries AD.  It is 

possible that this site 

is an extension of 

Later Iron Age Site 1 

(Figs 3 & 8). 

These sites are 

protected by 

provincial and 

national heritage 

legislation.  This site 

is rated as of 

medium significance 

(Table 3).  It may not 

be altered or 

destroyed under any 

circumstances 

Strictly maintain a 

50m buffer zone 

around this site. This 

site is situated 

approximately 80m to 

the north of the 

proposed mining 

band expansion. 

There is therefore no 

need for mitigation.  

However, a second 

phase heritage 

impact assessment 

will be called for, to 

arrange for mitigation, 

should the developers 

decide to expand into 

this area. 

 

S 27° 56’ 

23.74” E 30° 

10’ 41.01” 

 

 

 

 

Table 3.  Grave Sites indicated by local community members.   

N

o 

Heritage 

site 

category 

GPS Latitude 

and Longitude 

Brief 

description  

Significance 

(Table 3) 

 Mitigation  

      

1 Grave Site 4 

(Fig 3b) 

S 27º 56’ 41.07” 

E 30º 10’ 6.26”   

A Grave Site 

indicated by local 

community 

members.  This 

site needs further 

evaluation by a 

grave relocation 

expert should the 

developers decide 

to mine within 15m 

from this site. 

There is a real 

possibility that 

some of these 

graves are older 

than 60 years as 

they may relate to 

the first migrant 

workers who 

worked on the coal 

mines in the area.   

It is therefore rated 

as of high 

significance locally 

(Table 3). 

 

Strictly maintain a 

15m buffer zone 

around the Grave 

Site.   No 

disturbance is 

allowed within the 

buffer zone.    

 

However, should 

the developers 

decide to expand 

the mining 

development into 

this area then a 

second phase 

heritage impact 

assessment must 

be called for.  This 

phase must be 

conducted by a 

2 Grave Site 5 

(Fig 3b) 

S 27º 56’ 43.35” 

E 30º 10’ 10.50”   

3 Grave Site 6 

(Fig 3b) 

S 27º 56’ 43.15” 

E 30º 10’ 16.71”   

4 Grave Site 7 

(Fig 3b) 

S 27º 56’ 46.06” 

E 30º 10’ 23.98”   

5 Grave Site 8 

(Fig 3b) 

S 27º 56’ 46.98” 

E 30º 10’ 12.83”   

6 Grave Site 9 

(Fig 3b) 

S 27º 56’ 48.45” 

E 30º 10’ 11.71”   

7 Grave Site 10 

(Fig 3b) 

S 27º 56’ 49.68” 

E 30º 10’ 11.65”   

8 Grave Site 11 

(Fig 3b) 

S 27º 56’ 50.96” 

E 30º 10’ 9.20”   

9 Grave Site 12 

(Fig 3b) 

S 27º 56’ 52.77” 

E 30º 10’ 11.80”   
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10 Grave Site 13 

(Fig 3b) 

S 27º 56’ 52.01” 

E 30º 10’ 18.80”   

grave relocation 

expert. A 

community 

consultation 

process will have 

to be initiated to 

arrange for 

potential grave 

exhumation and 

reburial (Appendix 

1). 

11 Grave Site 14 

(Fig 3b) 

S 27º 56’ 48.28” 

E 30º 10’ 20.80”   

12 Grave Site 15 

(Fig 3b) 

S 27º 56’ 51.55” 

E 30º 10’ 0.02”   

13 Grave Site 16 

(Fig 3b) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

14 Grave Site 17 

(Fig 3b) 

S 27º 56’ 53.77” 

E 30º 9’ 57.44”   

15 Grave Site 18 

(Fig 3b) 

S 27º 56’ 55.34” 

E 30º 9’ 57.06”   

16 Grave Site 19 

(Fig 3b) 

S 27º 57’ 3.55” 

E 30º 10’ 25.79”   

17 Grave Site 20 

(Fig 3b) 

S 27º 57’ 2.37” 

E 30º 10’ 32.15”   

18 Grave Site 21 

(Fig 3b) 

S 27º 56’ 58.26” 

E 30º 10’ 34.96”   

19 Grave Site 22 

(Fig 3b) 

S 27º 57’ 0.69” 

E 30º 10’ 35.60”   

20 Grave Site 23 

(Fig 3b) 

S 27º 57’ 0.79” 

E 30º 10’ 39.14”   

21 Grave Site 24 

(Fig 3b) 

S 27º 57’ 7.47” 

E 30º 10’ 26.83”   

22 Grave Site 25 

(Fig 3b) 

S 27º 57’ 10.00” 

E 30º 10’ 26.57”   

23 Grave Site 26 

(Fig 3b) 

S 27º 56’ 50.96” 

E 30º 10’ 9.20”   

24 Grave Site 27 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

25 Grave Site 28 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

26 Grave Site 29 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

27 Grave Site 30 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

28 Grave Site 31 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

29 Grave Site 32 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

30 Grave Site 33 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

31 Grave Site 34 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

32 Grave Site 35 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

33 Grave Site 36 S 27º 56’ 52.72” 
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(Fig 3c) E 30º 10’ 1.27”   

34 Grave Site 37 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

35 Grave Site 38 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

36 Grave Site 39 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

37 Grave Site 40 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

38 Grave Site 41 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

39 Grave Site 42 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

40 Grave Site 43 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

41 Grave Site 44 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

42 Grave Site 45 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

43 Grave Site 46 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

44 Grave Site 47 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

45 Grave Site 48 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

46 Grave Site 49 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

47 Grave Site 50 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

48 Grave Site 51 

(Fig 3c) 

S 27º 56’ 52.72” 

E 30º 10’ 1.27”   

49 Grave Site 52 

(Fig 3c) 

S 27º 57’ 38.90” E 

27º 57’ 38.90” 

 

4 STATEMENT OF SIGNIFICANCE (HERITAGE VALUE) 

 

4.1 Field Rating 

 

The Grave Sites are rated as high significance locally. All graves, including those 

located outside a formal cemetery, are protected by KwaZulu Natal provincial Heritage 

legislation. The Later Iron Age Sites are rated as Generally Protected A.  They are 

rated as of high to medium significance and are protected by heritage legislation. 
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Table 3. Field rating and recommended grading of sites (SAHRA 2005) 

 

Level Details Action 

National (Grade I) The site is considered to be of 

National Significance 

Nominated to be declared by SAHRA 

Provincial (Grade II) This site is considered to be of 

Provincial significance 

Nominated to be declared by 

Provincial Heritage Authority 

Local Grade IIIA This site is considered to be of HIGH 

significance locally 

The site should be retained as a 

heritage site 

Local Grade IIIB This site is considered to be of HIGH 

significance locally 

The site should be mitigated, and 

part retained as a heritage site 

Generally Protected A High to medium significance Mitigation necessary before 

destruction 

Generally Protected B Medium significance The site needs to be recorded before 

destruction 

Generally Protected C Low significance No further recording is required 

before destruction 

 

 

5 RECOMMENDATIONS 

 

The proposed expansion of the coal mining activities may proceed but under the 

following conditions: 

 

• A buffer zone of 50 m must be strictly maintained around the two Later Iron Age 

Sites.   No development or removal and alternation of items or features may 

take place within this buffer zone.  There is no need to erect a fence or a barrier 

to prevent possible damage as all these sites are situated more than 70m to 

the north of the proposed mining band expansion. 

• A buffer zone of 15m but preferably 20m (where possible) must be maintained 

around the identified Grave Sites 1 - 3.   No development or removal and 

alternation of items or features may take place within this buffer zone.  There is 

no need to erect a fence or a barrier to prevent possible damage as all these 

sites are situated more than 70m to the north of the proposed mining band 

expansion. However, should the developer expand within 15m from the grave 

sites then a fence with an entrance gate must be erected around the site. 

• However, the potential grave sites identified by local community members do 

occur within the proposed mining band.  Mitigation will be required before 
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mining may be allowed within this band.  Such mitigation will take place under 

the auspices of Amafa, the local heritage agency.   

• Should the developer wish to expand the mining band to the north and develop 

within the buffer zones then mitigation measures must be initiated under the 

auspices of the local heritage agency Amafa. This will include a second phase 

heritage impact assessment, the application for a permit, and the possible 

exhumation of certain graves (Appendix 1). The second phase heritage impact 

assessment must include a large local community consultation process. It must 

be conducted by a grave relocation expert who will be able to assess the oral 

data of the community on the ground. 

 

Apart from these concerns there is no archaeological reason why the proposed mining 

expansion may not take place on the remainder of the project area as planned.  It 

should, however, be pointed out that the KwaZulu-Natal Heritage Act requires that 

operations exposing archaeological and historical residues should cease immediately 

pending an evaluation by the heritage authorities.  It is also possible that community 

consultation, may indicate additional graves that were not visible during the initial 

heritage survey of the project area. These must also be evaluated during a second 

phase heritage impact assessment. 
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6 MAPS AND FIGURES 
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Figure 1.  Google aerial photograph showing the location of the project area near 

Dannhauser, KwaZulu-Natal. 
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Figure 2.  Map showing the locality of the project area. The white demarcated 

area  indicates the proposed mining band extension. 
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Figure 3a.  Google aerial photograph showing the location of heritage sites in 

the northern section of project area.  None of these sites occur within the 

proposed mining band expansion 

 

 

 
Figure 3b.  Google aerial photograph showing the location of heritage sites in 

the central section of the project area.  The red line indicates the area 

demarcated for the proposed mining band expansion. 
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Figure 3c. Google aerial photograph showing the distribution of heritage sites 

within the southern section of the project area.  The two red lines demarcate the 

proposed mining band expansion area. All the Grave Sites in the southern 

portion of the project area occurs within the proposed mining band. 

 

 

 

 
Figure 4.  Photograph of Grave Site 1 a rural cemetery containing almost 80 

individual graves. 
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Figure 5.  Photograph of Grave Site 2 

 

 

 

 

 

 
Figure 6.  Photograph of Grave Site 3 
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Figure 7. Photograph of later Iron Age Site 1 

 

 

 

 

 

 

 
Figure 8.  Photograph of Iron Age Site 2.  This site may be an extension of Iron 

Age Site 1 
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APPENDIX 1  

 

RELOCATION OF GRAVES  

 

Burial grounds and graves are dealt with in Article 36 of the NHR Act, no 25 of 1999. 

Below follows a broad summary of how to deal with grave in the event of proposed 

development.  

 

� If the graves are younger than 60 years, an undertaker can be contracted to 

deal with the exhumation and reburial. This will include public participation, 

organising cemeteries, coffins, etc. They need permits and have their own 

requirements that must be adhered to.  

� If the graves are older than 60 years old or of undetermined age, an 

archaeologist must be in attendance to assist with the exhumation and 

documentation of the graves. This is a requirement by law.  

 

Once it has been decided to relocate particular graves, the following steps should be 

taken:  

 

� Notices of the intention to relocate the graves need to be put up at the burial 

site for a period of 60 days. This should contain information where communities 

and family members can contact the developer/archaeologist/public-relations 

officer/undertaker. All information pertaining to the identification of the graves 

needs to be documented for the application of a SAHRA permit. The notices 

need to be in at least 3 languages, English, and two other languages. This is a 

requirement by law.  

 

� Notices of the intention needs to be placed in at least two local newspapers 

and have the same information as the above point. This is a requirement by 

law.  

 

� Local radio stations can also be used to try contact family members. This is not 

required by law, but is helpful in trying to contact family members.  

 

� During this time (60 days) a suitable cemetery need to be identified close to the 

development area or otherwise one specified by the family of the deceased.  

 

� An open day for family members should be arranged after the period of 60 days 

so that they can gather to discuss the way forward, and to sort out any 

problems. The developer needs to take the families requirements into account. 

This is a requirement by law.  

 

� Once the 60 days has passed and all the information from the family members 

have been received, a permit can be requested from SAHRA. This is a 
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requirement by law.  

 

� Once the permit has been received, the graves may be exhumed and 

relocated.  

 

� All headstones must be relocated with the graves as well as any items found in 

the grave  
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Air Quality 



  

 
Dust Fall-Out Monitoring 

Report: Cycle 12 of 12 
 

23rd November 2017 – 21st December 2017 
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LIST OF DEFINITIONS AND ABBREVIATIONS 
 

Ambient air means outdoor air in the troposphere, excluding work places, where air quality is 
determined in accordance with SANS 1929; 
 
ASTM D1739 means the American Standard for Testing and Materials method D1739-70, 
which is the standard test method for the collection and measurement of dust fall as 
prescribed in the National Dust Control Regulations, 2010; 
 
Dust (or settleable particulate matter) means any material composed of particles small 
enough to pass through a 1 mm screen and large enough to settle by virtue of their weight 
into a sampling container from the ambient air; 
 
Dust fall means the deposition of dust; 
 
Dust fallout monitoring programme means monitoring of the dust fallout on a continuous 
Basis; 
 
Industrial area means any area classified for industrial use as per the local town planning 
scheme; 
 
mg/m2/day means milligrams per meter squared per day and describes the dustfall 
monitoring units of measurement; 
 
Non-residential area means any area not classified for residential use as per local town 
planning scheme; 
 
Premises means land and structures thereon including stockpiles of materials, roadways and 
other means of conveyance, from which dust may be generated through anthropogenic or 
natural processes or activities;  
 
Residential area means any area classified for residential use in terms of the local town 
planning scheme; 
 
Results means the mass of deposition in milligrams per m2 per day, averaged over 30 days 
(± 3 Days); 
 
Settleable particulate matter (or dust) means any material composed of particles small 
enough to pass through a 1 mm screen and large enough to settle by virtue of their weight 
into the container from the ambient air; 
 
The Act means the National Environmental Management: Air Quality Act, 2004 (Act 39 of 
2004)   
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1. DISCUSSION 

1.1  Background 

 

Dust particles in the atmosphere are a key cause of nuisance, health and other environmental 

problems. It is therefore necessary to measure the impact of dustfall with particularly focus on 

sensitive receptors (residential areas, schools, hospitals) as certain contaminants may have a 

detrimental effect with excessive exposure.  

 

The nuisance and potential thoracic disease effect of airborne dust can be measured by using 

dust buckets and/or directional dust deposition gauges. Dust buckets are used to determine 

vertical dust deposition rates and directional dust deposition gauges are used to determine the 

direction of the sources. This project only employs the use of standard dustfall buckets and not 

directional gauges. Several countries have produced standards for permissible dust deposition 

rates. Although alternative deposition measurement methods have been proposed, ASTM 

D1739 has remained the method most often used in the South African mining and industrial 

sectors to measure dust deposition. In addition, several non-standard directional dust 

deposition gauges have been used.  

 

The dust control regulations clearly state that sampling must be performed to ASTM 1739 – 

1970 or equivalent. The method utilised for this project is ASTM 1739-70. 
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Regulation 6 of the National Dust Control Regulations, Government Gazette (36974) dated 1 

November 2013 states that: 

 
(1)  Any person who has exceeded the dustfall standard set out in regulation 3 must, within 

three months after submission of the dustfall monitoring report, develop and submit a 

dust management plan to the air quality officer for approval.  

 
(2)  A dust management plan, contemplated in sub regulation (1), must:  

 
(a)  identify all possible sources of dust within the affected site;  

(b)  detail the best practicable measures to be undertaken to mitigate dust emissions;  

(c)  detail an implementation schedule;  

(d)  identify the line management responsible for implementation; 

(e)  incorporate the dust fallout monitoring plan; and  

(f)  establish a register for recording all complaints received by the person regarding dustfall, 

and for recording follow up actions and responses to the complainants.  

(3)  A dust management plan contemplated in sub regulation (1) must be implemented 

within a month of the date of approval.  

 
(4)  An implementation progress report must be submitted to the air quality officer at 

agreed time intervals. 

Regulation 6 of the National Dust Control Regulations, Government Gazette (36974) dated 1 

November 2013 states that: 

 
(1)  Any person who has exceeded the dustfall standard set out in regulation 3 must, within 

three months after submission of the dustfall monitoring report, develop and submit a 

dust management plan to the air quality officer for approval.  

 
(2)  A dust management plan, contemplated in sub regulation (1), must:  

 
(a)  identify all possible sources of dust within the affected site;  

(b)  detail the best practicable measures to be undertaken to mitigate dust emissions;  

(c)  detail an implementation schedule;  

(d)  identify the line management responsible for implementation; 

(e)  incorporate the dust fallout monitoring plan; and  

(f)  establish a register for recording all complaints received by the person regarding dustfall, 

and for recording follow up actions and responses to the complainants.  

(3)  A dust management plan contemplated in sub regulation (1) must be implemented 

within a month of the date of approval.  

 
(4)  An implementation progress report must be submitted to the air quality officer at 
agreed time intervals. 
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1.2  Project Context 

 

The National Dust Control Regulations, Government Gazette (36974) dated 1st November 2013, 

sets the DFO Limits for Residential Areas as D < 600 mg/m2/day and Non-residential Areas as 

600 < D < 1200 mg/m2/day.  

 

Buffalo Coal, Dundee provided Apex Environmental with the order for the installation, 

inspection, maintenance and result reporting of fifteen (15) ASTM D-1739 of 1970 Dust Fallout 

(DFO) Units, which have been deployed at selected locations around three of the Northern Kwa-

Zulu Natal – Buffalo Coal operations for a period of 12 months.  

 

These sites include: 

 

a) Site 1: Coalfields Stockpiling, Rail Siding and Processing Operation 

b) Site 2: Aviemore Colliery 

c) Site 3: Magdalena Colliery  

 

The criteria pollutant of interest at all three sites is Coal Dust, emitted from the various 

mining, processing, stockpiling and transporting activities. 

 

All installations are inspected, and buckets changed monthly. See Figures 4, 5 and 6 for an 

annotated site map of the placement of these units. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 
 

 

Confidential                                            APEX-RT-023.REV01  Page 8 of 28 

Buffalo Coal – Dundee 

Dust Fall-Out Monitoring Survey 

23rd November 2017 – 21st December 2017 

1.3 Results 

 
1.3.1 This report constitutes the monitoring findings for Cycle 12 of 12 (23rd November 2017 – 21st 

December 2017).  

 

1.3.2 Coalfields 

 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Coalfields DFO Results 

 

a) Five DFO Units were placed on the boundary of Coalfields – See figure 4 below. All DFO units 

recorded levels that fell within the Non-Residential Area Limits of 600 < D < 1200 mg/m2/day 

i.e. compliant. All samples were also found to be below the Residential Rate of D < 

600mg/m2/day therefore no community impacts are indicated for this cycle.  

 

b) The slightly higher result returned from sample 5 can be attributed to general on-site 

operations, uncovered stockpiles as well as high levels of vehicle movement on internal access 

roads (vehicle dust entrainment). The result is expected as the unit will collect dust blowing 

from the south-south-west. 

 

c) One DFO unit (Unit 6) was placed in the Forestdale community, located North-east of the 

Stockpiles. This unit returned a result that was found to be within the Residential Area Limits 

of D < 600mg/m2/day i.e. compliant. 

 

d) Microscopic observation of the content retrieved from DFO Units 1 and 5 revealed distinctive 

coal deposits, all with a DO50 <100 um (Aerodynamic diameter of 50% of the sample 

comprised of inhalable fraction particulates). See Appendix B. 

 

e) The remaining samples revealed a wide mix of light brown, fine grained sand sized sediment 

ranging from naturally eroded quartz, pulverised road dust and agricultural soil dust. The dust 
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is not likely to originate from Buffalo Coal operations and much of sediment is associated with 

topsoil from the vacant land adjacent to the DFO units as well as vehicular traffic on the 

unpaved roadways near the units. See Appendix B.  

 

f) The dust fallout rates measured from Cycle 1 to Cycle 12 are presented in Appendix C below. 

During the monitoring period January 2017 to December 2017, all of the DFO units recorded 

levels that were within the Non-residential Areas limit of 600 < D < 1200 mg/m2/day. One (1) 

individual exceedance was recorded for DFO Unit 6 during Cycle 7.  

 

These results are regarded as isolated and could be attributed towards high wind speeds, a 

once-off dust generating activity or natural release of surrounding dust. Most of the results fell 

within the recommended threshold and therefore results are regarded as satisfactory and 

should not result in any community complaints or nuisance. 
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1.3.3 Aviemore Colliery 
 
 
 
 
  
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 2: Aviemore DFO Results 

 
 

a) Three DFO units were placed on the boundary of Aviemore Colliery (See figure 5 below). All 

DFO units returned results that were found to be well below the Non-Residential Area Limits of 

600 < D < 1200 mg/m2/day i.e. compliant. 

 

b) The samples revealed a wide mix of light brown to dark brown, fine sand sized sediment ranging 

from naturally eroded quartz, pulverised road dust and some coal deposits (DO50 < 10 um – 

Thoracic Fraction Particulates).  

 

c) The slightly higher result obtained for Sample 2 is expected due to the high levels of vehicular 

traffic on the unpaved access roadway (vehicle dust entrainment) – See Figure 5 below.  

 

d) The dust fallout rates measured from Cycle 1 to Cycle 12 are presented in Appendix C below. 

During the monitoring period of January 2017 to December 2017, all of the DFO units recorded 

levels that were within the Non-residential Areas limit of 600 < D < 1200 mg/m2/day i.e. 
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 1.3.4    Magdalena Colliery 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
Figure 3: Magdalena DFO Results 

 

a) Six DFO units were placed on the boundary of Magdalena Colliery (See figure 6 below). All DFO 

Units recorded levels that fell well below the Non-residential Areas limit of 600 < D < 1200 

mg/m2/day.  

 

b) Sample 1 returned a result that exceeded the residential rate and is therefore considered 

Potentially Non-Compliant. The residential rate cannot however be applied because the unit 

is placed within the Magdalena Colliery boundary and a comparison to this standard is therefore 

purely academic and for insight purposes only.  This result can be attributed to its proximity to 

the moving machinery and stockpile at the Discards Dump. 

 

c) The samples revealed a wide mix of light brown and dark grey, fine sand sized sediment ranging 

from naturally eroded quartz, topsoil, pulverised road dust and some coal deposits (DO50 < 

10 um – Thoracic Fraction Particulates). See Appendix B.  

 

d) The dust fallout rates measured from Cycle 1 to Cycle 12 are presented in Appendix C below. 

During the monitoring period January 2017 to December 2017, most of the DFO units recorded 

levels that were within the Non-residential Areas limit of 600 < D < 1200 mg/m2/day. One (1) 

individual exceedance was recorded for DFO Unit 6 during Cycle 7. The exceedance is however 

permissible as it did not occur more than two (2) times in the year or in two sequential months. 

 

This result is regarded as isolated and could be attributed to high levels of vehicular traffic on 

the unpaved roadway adjacent to the DFO Unit or as a result of tampering / interference of the 

unit as it is located within the community. Majority of the results fell within the recommended 

threshold and therefore results are regarded as satisfactory and should not result in community 

complaint or nuisance.  
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2. PURPOSE 

 

The purpose of this project is to: 

 

a) Fulfil the requirements laid out in the National Dust Control Regulations, Government 

Gazette (36974) dated 1 November 2013, 

b) Quantitatively determine total dust fall-out and concentrations occurring around the 

operations,  

c) Compare monitored dust-fall out results to SA standards, 

d) Report on weather data and patterns occurring over the sampling period, 

e) Compile a dust fall-out report,  

f) Where possible, provide recommendations for the reduction of dust fall-out. 



 
 

 
 

 

Confidential                                            APEX-RT-023.REV01  Page 13 of 28 

Buffalo Coal – Dundee 

Dust Fall-Out Monitoring Survey 

23rd November 2017 – 21st December 2017 

3. PLACEMENT OF UNITS 
 

Table 2: DFO Unit samplers were installed along the wind vectors and boundaries of the various 
Buffalo Coal KwaZulu-Natal Operations: 

 

Unit ID 
DFO Unit Classification & Bucket Position  

(See Figures 4, 5 & 6 respectively) 
GPS Coordinates 

Coalfields – 1   North West Boundary – Near the Main Security Entrance 28°10'28.86"S 
30°15'16.95"E 

Coalfields – 2   Corner of South West Boundary 28°10'35.30"S 
30°15'27.27"E 

Coalfields – 3   Corner of South East Boundary 28°10'30.44"S 
30°15'35.98"E 

Coalfields – 4   North East Boundary – Near Stockpile 28°10'15.36"S 
30°15'25.71"E 

Coalfields – 5   Corner of North West Boundary 28°10'21.65"S 
30°15'12.30"E 

Coalfields – 6  Forestdale community – North East of Stockpile 28°10'3.90"S 
30°15'20.27"E 

Aviemore – 1   Entrance to site - along the unpaved road 28° 5'28.07"S 
30°14'31.65"E 

Aviemore – 2   Corner of the South-Eastern Boundary 28° 5'28.01"S 
30°14'17.27"E 

Aviemore – 3   Corner of the North-Western Boundary 28° 5'26.41"S 
30°14'13.65"E 

Magdalena – 1   Discard Dump Community 27°58'53.48"S 
30°11'31.31"E 

Magdalena – 2   Unpaved Roadway near homestead 27°57'52.32"S 
30°11'19.91"E 

Magdalena – 3   New Adit 27°57'31.56"S 
30°10'39.43"E 

Magdalena – 4   Near Stockpiles 27°58'18.99"S 
30°11'50.10"E 

Magdalena – 5   Community near stockpiles 27°58'18.79"S 
30°11'51.99"E 

Magdalena – 6   Roadway near community 27°58'27.66"S 
30°12'4.33"E 
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Sensitive Receptors: 
Residential Community 

 Sensitive Receptors: 
Residential Community 

Figure 4: Annotated aerial photo showing the locality of the DFO Units in relation to Coalfields, Sensitive Receptors and Dust Sources. Image 
source: Google Earth. Note: Classifications are shown as possible contributions from sources and are used as indicators only. They are not conclusive 
evidence of the source. Additional chemical analysis may be required to conclusively “fingerprint” the source of dust deposition sampled.  
 

Prevailing Wind Direction: 
south-south-west 

Cycle 12: Although Sample 5 returned a 
result that was below the Residential 
Limit, relative to the other samples; this 
result was slightly higher.  
 
This DFO Unit’s downwind (northern) 
orientation and close proximity to the 
unpaved hauler access road, adequately 
explains this result.   
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Figure 5: Annotated aerial photo showing the locality of the DFO Units in relation to Aviemore Colliery and Dust Sources. Image source: Google 
Earth. Note: Classifications are shown as possible contributions from sources and are used as indicators only. They are not conclusive evidence of the source. 
Additional chemical analysis may be required to conclusively “fingerprint” the source of dust deposition sampled.  
 
 

DFO Unit 3: 
Located on the 
North-east wind 
vector relative to 
the mine entrance / 
Adit. 

DFO Unit 2: Located on the North-east 
wind vector relative to the mine 
entrance / Adit. 

Dust Source: 
Unpaved Roadway 

Dust Source: Adit 
entrance, conveyor 
transfer and stockpile 
operation. 

Prevailing Wind Direction: 
south-south-west 
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Figure 6: Annotated aerial photo showing the locality of the DFO Units in relation to Magdalena Colliery, Dust Sources and Sensitive Receptors. 
Image source: Google Earth. Note: Classifications are shown as possible contributions from sources and are used as indicators only. They are not conclusive 
evidence of the source. Additional chemical analysis may be required to conclusively “fingerprint” the source of dust deposition sampled.  
 

Dust Source: New 
Adit entrance. 
Moving machinery 
and conveyor 

Sensitive 
Receptor:  
Community 

Sensitive Receptor:  
Homestead 

 Sensitive Receptors: Community 

Dust Source: 
Unpaved Roadway 

Dust Source: Discards Dump – 
Moving Machinery and Stockpile 

Dust Source: 
Conveyors, 
stockpiles and 
moving machinery 

Sensitive Receptor:  
Homestead 

Prevailing Wind Direction: 
south-south-west 

Cycle 12: Sample 1 
exceeded the residential 
limit but was within the 
allowable parameters of the 
Non-Residential Limit. 
 
Of potential concern is the 
homestead that lies further 
south of this stockpile. 
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4.  METEOROLOGICAL RESULTS 
 
4.1  The figure below provides a graphical representation of the meteorological conditions over             

the sampling period: 
 

 

 

 

Meteorological data provided in this report includes maximum wind gust, wind direction, 

temperature and rainfall data. The data was obtained from a local weather station 

(www.wunderground.com). These values could help contextualise results if further 

interpretation is necessary e.g. in the case of a retrospective investigation of an accidental 

on site or off-site emission over the sampling period. 

 
  

Figure 7: Meteorological Data - Dundee  
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5. STANDARD LIMITS APPLIED 

 

TABLE 4:  National Dust Control Regulations Rates 
 

 1 2 3 4 

Level 
Dustfall rate, D 

(mg·m-2·day-1, 30-d 
average) 

Averaging period Permitted frequency of  
exceeding dustfall rate 

Residential Area D <600 30 days Two within any year, no two sequential 
months. 

Non-residential Area 600 < D < 1200 30 days Two within any year, not sequential 
months. 

Source: National Dust Control Regulations, Government Gazette 36974 dated 1 November 2013 

 

TABLE 5: Four-band scale evaluation criteria for dust deposition (Not regulated – presented 

for guidance purposes only) 

 
1 2 3 4 

Band number Band description 
label 

Dustfall rate, D 
(mg·m-2·day-1, 30-d 

average) 
Comment 

1 Residential D< 600 Permissible for residential and light 
commercial. 

2 Industrial 600 <D< 1200 Permissible for heavy commercial and 
industrial. 

3 Action 1 200 <D< 2 400 

Requires investigation and remediation 
if two sequential months lie in this 
band, or more than three occur in a 
year. 

4 Alert 2 400 <D 

Immediate action and remediation 
required following the first incidence of 
the dustfall rate being exceeded. 
Incident report to be submitted to the 
relevant authority. 

Source: SANS 1929:2011 – Ambient Air Quality – Limits for Common Pollutants 

 
TABLE 6: Dust Deposition Classification Categories (Not regulated – presented for guidance 

purposes only) 

 
South African Classification 

(mg/m2/day) 
ASTM Equivalent  

(mg/m2/day) 
German DIN Air Quality Monthly 

Limit (mg/m2/day) 

Slight (< 250) < 250 
650 Non-Industrial Rating Limit 

Moderate (251 to 500) 251 > 500 

Heavy (501 to 1200) 501 > 1200 
1300 Industrial Rating Limit 

Very Heavy (> 1200) > 1200 
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6. LIMITATIONS 

   

The results obtained were indicative of the conditions that prevailed during the sampling 

period. Changes in season, meteorology, production rate, process and other factors which 

affect dust generation and transmission, would cause variations in sample results. The 

archived filters could be subjected to further analytical methods, on instruction from Buffalo 

Coal – Dundee Site or recommendation by Apex Environmental. 

 

7. DISCLAIMER 

 
Results and recommendations contained in this report are a true reflection of the on-site 

conditions during the on-site survey period. Apex Environmental makes no warranty or 

guarantee as to the absolute correctness and suitability of the contents of this report. The 

final responsibility lies with the client to ensure the correctness and suitability of these 

recommendations. Apex Environmental shall not in any way be liable for any loss suffered 

by the client because of such recommendations and observations. The information and 

recommendations provided in this report have been made in good faith with professional 

integrity. 

 

All information obtained by Apex Environmental shall treated as private and confidential as 

prescribed by the Protection of Personal Information Act (Act No. 4 of 2013). Information 

obtained through onsite observations and monitoring will not be disclosed by Apex 

Environmental unless required by law or authorized by contractual commitments.  
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TECHNICAL DATA 

 

 

Details of recommended requirements, specifications and conditions that are to be contained in 

written reports, are issued in terms of SANS ISO/IEC 17020 - “Conformity assessment – 

Requirements for the operation of various types of bodies performing inspections”. 
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8.  TESTING COMPANY NAME, ADDRESS AND CONTACT PERSON 
 

Apex Environmental cc. 

Southgate Business Park, Umbogintwini, KZN, 4126,  

Sean Chester – Tel: (031) 914 1004 / Fax (031) 914 2199 

 
9.  QUALITY ASSURANCE 

 
Apex Environmental cc holds SANAS 17020 Accreditation and the ASTM 1739 DFO sampling 

methodology is incorporated into this QMS. 

 

9.1  Introduction 

Gravimetric dust fallout sampling and monitoring has become one of the preferred methods 

to determine dust pollution impact from industries / or mines on the receiving environment. 

Dust that precipitates and deposits in the environment is defined as any particulate matter 

that has an aerodynamic diameter between 10 and 100 µm (Loans, 2007). Such particle 

matter is also referred to as total suspended particles (TSP).  

 
Fall out dust monitoring is a useful and cost-effective method of providing trend analysis of 

dust deposition over a period. Fall out dust is regulated by the National Environmental 

Management:  Air Quality Act (Act 39 of 2004). 

 
Section 32: Control of Dust 

The Minister or MEC may prescribe – 

a. Measures for the control of dust in specified places or areas, either in general or by 

specified machinery or in specified instances 

b. Steps that must be taken to prevent nuisance by dust; or 

c. Other measures aimed at the control of dust. 

Government Notice 827 – NATIONAL DUST CONTROL REGULATIONS published in terms of 

section 53 (o), read with section 32 of the National Environmental Management: Air Quality 

Act, 2004 (Act No. 39 of 2004) promulgated on 1 November 2013, states that the American 

Society for Testing Materials (ASTM) “D1739 of 1970 or an equivalent” should be used as 

the test method for the monitoring of fallout dust.  In GN 827 (Figure 1) and GN 1210 – 

SANS 1929 (2011) – (Ambient air quality for common pollution) dust deposition levels are 

set. 

Although the standards for dust deposition levels are set, the positioning of monitoring 

equipment in the receiving environment is not adequately prescribed. 
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9.2  Equipment Installation 

 

Equipment placement is prescribed in four different, but integrated, systems. The most 

important of these 'systems' are contained three Government Notices GN 827, GN 248 and 

GN 1210 (SANS 1929), and one international standard (ASTM: D1739-70)). The National 

Standard SANS 1929 adopted the requirements as set out in GN 1210 into a National 

Standard. 

 

9.3  GN 827 - NATIONAL DUST CONTROL REGULATIONS, 2013 

Section (5) A dust fall monitoring programme must include: 

(a) the establishment of a network of dust monitoring points using method ASTM 

D1739:1970 (or equivalent), sufficient in number to establish the contribution of the person 

to dust fall in residential and non-residential areas near the premises, to monitor identified 

or likely sensitive receptor locations, and to establish the baseline dust fall for the district. 

 

9.4  ASTM: D1739- 70 - Standard Test Methods for Collection and Measurement of Dust 

Fallout (Settleable Particulate Matter). 

 

Section 9.1.1.1 

These recommendations are a guide to the selection of a site. In cases where these 

guidelines cannot be followed, results should only be presented accompanied by an 

appropriate caveat. 

 

Section 9.1.1.2 

The sampling site should be in an open area, free of structures higher than 1 m and within 

a 20-m radius of the container stand. It should be away from local sources of pollution and 

objects that could affect the settling of particulate matter, such as trees, and air exhausts 

and intakes. Accessibility and security from vandalism are major considerations in the 

selection of a site. 

 

Section 9.1.1.3 

Elevations to higher objects within 20 m should not exceed 30° from the horizontal. 
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Section 9.1.1.4 

Open areas around police and fire stations and libraries are often suitable because of their 

accessibility and security. 

 

Section 9.1.1.5 

Avoid sitting the containers near chimneys. When- ever possible, the sampling site shall be 

more than ten stack-lengths from an operating stack and upwind from it in accordance with 

the most frequent wind direction. 

 

SANS 1929: 2011 - Ambient Air Quality - Limits for Common Pollution 

 

SANS 1929: 2011 - Annex A - Location of sampling points for the measurement of 

atmospheric pollutants in ambient air. 

 

The number and location of samplers shall be sufficient to monitor dust fall at representative 

locations around the dust sources, and will include monitoring located at human residences 

and sensitive businesses, industrial or agricultural locations within a maximum distance of 2 

km from the source's boundary. 

 

9.5  Other Requirements 

 

Listed activities (GN 248 of 2010) and associated minimum emission standards identified in 

terms of section 21 of the National Environmental Management: Air Quality Act, 2004 (Act 

39 of 2004) also provides requirements for fall out dust monitoring.  In according with 

Subcategory 5.1 and 5.3, dust monitoring should comply with the following two 

requirements. 

1.        Three months running average not to exceed limit value for adjacent land use per 

dust control regulations promulgated in terms of section 32 of the NEM: AQA, 2004 (Act No 

39 of 2004). 

2.       Monitoring should be done in eight principal wind directions  
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9.6  Conclusion 

 

The standard for dust deposition levels are set in GN827 and SANS but the positioning of 

monitoring equipment is the receiving environment is only governed by a set of guidelines 

in GN 248, GN827 and SANS 1929. Monitoring locations must include residential and non-

residential areas near the premises, to monitor identified or likely sensitive receptor 

locations.  It must include monitoring located residential and non-residential areas near the 

premises, to monitor identified or likely sensitive receptor locations. It should be in an open 

area, free of structures higher than 1 m and within a 20m radius or elevations to higher 

objects within 20 m should not exceed 30° from the horizontal, maximum distance of 2 km 

from the source's boundary. The fall out equipment should be placed at such location that it 

is easily accessible and secure from vandalism. 

 

These guidelines only present a theoretical location of the fallout dust monitoring locations. 

In cases where these guidelines cannot be followed, results should only be presented 

accompanied by an appropriate caveat.  Due to the inadequate prescription of the location 

of the fall out equipment the final allocation is done on professional judgement. 

 
10. DESCRIPTION OF MEASURING PROCEDURE 

 
10.1 To ensure that the methodology for testing conforms to highest international 0standards, 

sampling was undertaken as per SANS 1929:2011 & ASTM D-1739-70 “Standard Method for 

Collection and Analysis for Dust Fall (settleable particulates)”. 

 
10.2 Dust emission and fall-out test data and findings are compared to relevant standards. See 

Section 6 of this report.  

 
11. CERTIFICATION STATEMENT 

 
This is to certify that the attached report has been compiled and issued under the authority, 

direction and the responsibility of an Apex Environmental, Occupational Hygienist. 

 

12. REPRODUCTION OF REPORTS 

This report may not be reproduced except in full, without the written approval of an Apex 

representative. 
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APPENDIX A: LABORATORY RESULTS - DECEMBER 
 

DFO Results: 

Project 
Number Filter Number 

Pre-Weight Post Weight 

Mass1 Mass2 Mass3 Average Mass1 Mass2 Mass3 Average 

A10853 – 
Buffalo 
Coal - 

Dundee 

Coalfields 

Coalfields-1(12) 0,24011 0,24013 0,24016 0,24013 0,47988 0,47983 0,47981 0,47984 

Coalfields-2(12) 0,23924 0,23925 0,23925 0,23925 0,34744 0,34744 0,34742 0,34743 

Coalfields-3(12) 0,23150 0,23152 0,23153 0,23152 0,37640 0,37635 0,37631 0,37635 

Coalfields-4(12) 0,23654 0,23656 0,23657 0,23656 0,33815 0,33814 0,33812 0,33814 

Coalfields-5(12) 0,22566 0,22567 0,22568 0,22567 0,52836 0,52835 0,52833 0,52835 

Coalfields-6(12) 0,23638 0,23639 0,23643 0,23640 0,45784 0,45781 0,45776 0,45780 

Aviemore Colliery 

Aviemore-1(12) 0,23652 0,23652 0,23652 0,23652 0,43056 0,43063 0,43061 0,43060 

Aviemore-2(12) 0,24399 0,24393 0,24390 0,24394 0,46775 0,46772 0,46771 0,46773 

Aviemore-3(12) 0,24193 0,24192 0,24191 0,24192 0,33072 0,33067 0,33064 0,33068 

Magdalena Colliery 

Magdalena-1(12) 0,24778 0,24778 0,24776 0,24777 1,10182 1,10179 1,10179 1,10180 

Magdalena-2(12) 0,23593 0,23590 0,23589 0,23591 0,35137 0,35094 0,35091 0,35107 

Magdalena-3(12) 0,23317 0,23315 0,23313 0,23315 0,28722 0,28718 0,28713 0,28718 

Magdalena-4(12) 0,24072 0,24070 0,24067 0,24070 0,31118 0,31117 0,31114 0,31116 

Magdalena-5(12) 0,23373 0,23372 0,23772 0,23506 0,29554 0,29545 0,29544 0,29548 

Magdalena-6(12) 0,24655 0,24655 0,24655 0,24655 0,29118 0,29119 0,29118 0,29118 
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APPENDIX B: IMAGES OF FILTERS 
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Buffalo Coal – Dundee 
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APPENDIX C: HISTORICAL DATA – DUST FALLLOUT MONITORING RESULTS  

(JANUARY 2017 – DECEMBER 2017) 

 

 Denotes dust deposition exceeding the 600 < D < 1200 mg/m2/Day Non-residential 
Rating Level 
 

 Denotes dust deposition exceeding the D < 600 mg/m2/Day Residential Rating Level 

 

 
 
 

  

Unit 
ID 

Dustfall 
rate (D) 

(mg/m2/da
y, 30- days 
average) 

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7 Cycle 8 Cycle 9 Cycle 
10 

Cycle 
11 Cycle 12 

Coalfields 
-1  

Non-
residential 
Rate 600 
< D < 
1200 

565 220 364 379 485 483 708 390 520 170 265 315 

Coalfields 
-2  127 82 221 145 160 251 275 157 207 133 134 142 

Coalfields 
-3  113 21 167 182 257 355 418 300 250 237 497 190 

Coalfields 
-4  983 92 209 550 234 400 190 165 400 140 153 133 

Coalfields 
-5  129 582 652 212 649 777 614 197 198 84 275 397 

Coalfields 
– 6  

Residential 
Rate D < 

600 
- - - 342 202 576 900 165 144 88 102 291 

Cycle Average 383 199 323 303 331 474 518 229 287 142 238 245 

Unit ID 

Dustfall 
rate (D) 

(mg/m2/da
y, 30- days 
average) 

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7 Cycle 8 Cycle 9 Cycle 
10 

Cycle 
11 

Cycle 
12 

Aviemore -
1  

Non-
residential 
Rate 600 
< D < 
1200 

382 189 338 489 301 271 367 180 320 161 213 255 

Aviemore -
2  149 95 103 111 156 298 321 118 180 72 108 294 

Aviemore -
3  64 22 117 87 125 109 125 95 85 76 93 116 

Cycle Average 199 102 186 229 194 226 271 131 195 103 138 222 
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HISTORICAL DATA – DUST FALLLOUT MONITORING RESULTS (Continued…) 

 

 

 

 
 

Unit ID 

Dustfall 
rate (D) 

(mg/m2/da
y, 30- days 
average) 

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle 7 Cycle 8 Cycle 9 Cycle 
10 

Cycle 
11 

Cycle 
12 

Magdalena 
-1  

Non-
residential 
Rate 600 
< D < 
1200 

100 166 122 102 51 151 146 No 
data 174 141 44 1121 

Magdalena 
-2  84 38 99 76 149 199 106 79 74 67 45 151 

Magdalena 
-3  60 29 69 163 26 215 102 69 71 74 75 71 

Magdalena 
-4 118 53 210 643 143 135 137 145 165 161 184 92 

Magdalena 
- 5 106 47 132 817 145 75 237 70 165 141 116 79 

Magdalena 
- 6 70 47 67 170 196 126 215 1278 104 68 116 59 

Cycle Average 90 64 117 328 118 150 157 328 126 109 97 262 

 Denotes dust deposition exceeding the 600 < D < 1200 mg/m2/Day Non-residential 
Rating Level 
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1 INTRODUCTION 

GCS Water and Environment (Pty) Ltd (hereafter referred to as ‘GCS’) has been contracted 

by Zinoju Coal (Pty) Ltd to undertake quarterly groundwater and surface water sampling, 

manage a water quality database and to compile quarterly and annual water quality 

monitoring reports for their operations in Dundee.  

This report serves as the Second Quarter monitoring report which details the findings of the 

Second Quarter sampling event for Magdalena Colliery, undertaken in June 2018. This report 

is for internal use only, in order to update mine management on the current situation of the 

site.  

 

1.1 Site Description 

Magdalena Colliery is located approximately 22 km north of Dundee, and falls within the 

jurisdiction of the Amajuba District Municipality in the KwaZulu-Natal Province. The Colliery 

is an existing Coal Mine Operation with an approved Environmental Management Programme 

Report (EMPR) and is operated by Zinoju Coal (Pty) Ltd. The Colliery falls within the upper 

catchments of the Poonaspruit and Bloubankspruit, which are non-perennial tributaries of 

the Buffalo River. 

 

1.2 Scope of Work 

The scope of work was as follows: 

 Quarterly surface and groundwater sampling as well as field data collection for the 

site. 

 Submission of samples to X-Lab Earth Science Laboratories in Johannesburg which is 

a SANAS accredited laboratory (Registration Number: 2007/007043/07; SANAS 

Accreditation Number: T0775). 

 Laboratory liaison, data management and co-ordination. 

 Updating of the water quality database on a quarterly basis and supply of short 

update reports on all data received. This will highlight problem areas in terms of 

quality and/or quantity. These reports will only be used for internal discussion 

purposes.  

 Discussion of the current status of the monitoring networks to ensure that effective 

monitoring of the ground- and surface water environments. 
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 Use of selected elements/constituents (pH, sulphate and iron) as the main indicator 

elements and the creation and discussion of time-series graphs of these elements. 

Other elements/constituents will be mentioned if found to indicate anomalies or 

when their concentrations exceed the recommended limits/standards. 

 Comparison of the water quality results with both the 1996 WUL Domestic Use 

Standards and SABS SANS 241-2:2015 Drinking Water Standards. 

 Compilation of the annual report indicating findings, problems and recommendations 

to be submitted to DWS after final approval by Zinoju Coal. 

 

1.3 Methodology 

Surface and groundwater sampling is conducted on a quarterly basis. All field work is 

conducted based on the protocol, specifications and code of practice contained in the SABS 

ISO 5667:1-15. These standards address all aspects of the programme design, sampling 

methods as well as sample preservation. For quality purposes, sampling is undertaken in 

accordance with the following publications: 

 ISO 5667–1: 2008 Part 1: Guidance on the design of sampling programs and sampling 

techniques; 

 ISO 5667-3: 2012 Part 3: Guidance on preservation and handling of samples; 

 ISO 5667-6: 2014 Part 6: Guidance on sampling of rivers and streams; and 

 SABS ISO 5667: 2009 Part 11: Guidance on sampling of groundwater. 

 DWAF Best Practice Guidelines Series G3: General Guidelines for Water Monitoring 

Systems. 

Groundwater samples are collected from boreholes as per the scope of work, with the use of 

a PVC/polyethylene bailer. Prior to groundwater sampling, static groundwater levels are 

recorded using a dip meter. 

Both groundwater and surface water samples are collected and stored in a one litre plastic 

bottle. In situ field measurements are taken for each sample using a multi-parameter meter; 

these include pH, EC, TDS and Temperature. Samples are kept below 4ºC in a dark container 

and submitted to a SANAS-accredited laboratory for analysis. 

 

2 MONITORING NETWORK 

The monitoring network at Magdalena includes sixteen boreholes and seventeen surface 

water sites, as summarised in Table 2-1 and Table 2-2. The locations of the monitoring points 

around Magdalena are shown in Appendix A. A total of fifteen groundwater and twelve surface 

water monitoring sites were sampled in the Second Quarter. 
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Table 2-1: Groundwater monitoring points at Magdalena 

Sample 
ID 

Description Latitude Longitude 

Status 

March 
2018 

June 
2018 

Sept 
2018 

Dec 
2018 

MW3 
Borehole ±80 m north of slurry 

pond 
-27.9742 30.1972 ● ●   

MW4 
Borehole down gradient of coal 

crushing area 
-27.9733 30.1983 ● ●   

MW6 
Borehole ±100 m down gradient 

of the discard dump 
-27.97981 30.1977 ● ●   

MW8 Borehole ±1.8 km south of GAT -28.01583 30.1888  ●   

MG7 
Borehole ±1.2 km east of mine 

workings 
-27.97003 30.2092 ● ●   

MG11 
Borehole ±1.2 km east of 

opencast workings 
-27.9665 30.2051 ● Dry   

GCS1 Borehole ±100 m south of BOX -27.9833 30.1985 ● ●   

GCS2 
Borehole down gradient of the 
discard dump and slurry pond 

-27.9788 30.1980 ● ●   

GCS3 
Borehole south of coal crushing 

area 
-27.9739 30.1981 ● ●   

GCS4 
Borehole down gradient of 
opencast workings and adit 

entrance 

-27.97063 30.1967 ● ●   

GCS5 
Borehole ±550 m north of 

opencast workings 
-27.96108 30.1917 ● ●   

Mag BH1 
Borehole upstream of FD2, west 

of NGA 
-27.9869 30.2020 ● ●   

Mag BH2 
Borehole downstream of FD1, 

FD2 
-27.9813 30.2119 ● ●   

MW7 
Borehole west of storage dam 

NGA 
-27.9884 30.1974 ● ●   

W101 Borehole fitted with JoJo tank -27.9743 30.2033 ● ●   

W198 Borehole fitted with JoJo tank -27.9739 30.2009 ● ●   

● Sampled 
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Table 2-2: Surface water monitoring points at Magdalena 

Sample ID Description Latitude Longitude 

Status 

March 
2018 

June 
2018 

Sept 
2018 

Dec 
2018 

MS1 
Non-perennial river downstream 

of plant operations 
-27.9695 30.2055 ●    

MS2 
Non-perennial river downstream 

of opencast workings 
-27.9626 30.2006 ●    

MS3 
Non-perennial river downstream 

of MS1 and MS2 
-27.9659 30.2200 Dry Dry   

MS4 
(PCD3) 

Evaporation dam for screening 
plant 

-27.9718 30.1971 ● ●   

MS4A  
(PCD2) 

Dam below D2 -27.9716 30.1960 ● ●   

MS5 Non-perennial river north of site -27.9537 30.1980 ● Dry   

NGA Storage dam -27.9885 30.2001 ● ●   

CROSS 
Storage dam used for dust 

suppression 
-27.9716 30.2163 ● ●   

DS1 
Storage dam used for dust 

suppression 
-27.9737 30.2011 Dry Dry   

BOX 
Storage dam used to temporarily 
hold water from the slurry pond 

-27.9815 30.1966 ● ●   

SPRING 
Decant from old underground 

workings. 
-27.9919 30.2030 ● ●   

BUL 
Old opencast void that has filled 

over time with water 
-27.9734 30.1983 ● ●   

FD1 
Storage dam used for plant 

operations 
-27.9879 30.2064 ● ●   

FD2 
Storage dam used for plant 

operations 
-27.9868 30.2060 ● ●   

GAT 
Depression used to collect 
groundwater seepage to 
supplement storage dams 

-27.9949 30.2063 ● ●   

Mag 
Slurry 

Slurry dam -27.9772 30.1961 ● ●   

EV1 
Evaporation dam near the 

ventilation shafts 
-27.9688 30.1934 ● ●   

● Sampled 
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3 DISCUSSION 

The Second Quarter chemistry results are available in Appendix C, the original water quality 

laboratory certificates are available on request. Values highlighted in yellow exceed the 

Target Water Quality Guidelines (TWQG1) and values highlighted in red exceed the SANS2 

Drinking Water standards. It must be noted that the DWS (previously, DWAF) guidelines are 

more stringent than the SANS guidelines and therefore values exceeding the SANS guidelines 

will also exceed the DWS guidelines. These guidelines are designed for potable water systems 

and not for environmental compliance and are only used as a means of comparison. The 

results should be understood in context of the site and typical mine water quality indicator 

elements (pH, sulphate and iron). 

It should be noted that elevated salt concentrations are typical of this area, both of the 

groundwater and surface water environment. Therefore, elevated EC, TDS, sodium and 

chloride values are anticipated. Additionally, elevated calcium and magnesium pertains to 

the geological3 conditions in the area. Particular focus will be allocated to typical mine water 

indicator elements, specifically pH, sulphate and metals. However, increasing concentrations 

of these indicator elements will also result in an increased salt load. 

Table 3-1 below provides an updated status quo according to the most recent sample run in 

terms of groundwater contamination and groundwater interaction with surface water bodies 

and/or waste bodies. The table lists all findings based on the operational area and the sources 

of pollution identified within the areas.  

Introduced in the last column are three colour codes which prioritise the recommendations 

made, thereby determining the way forward: 

RED indicates an urgent matter that needs to be addressed as soon as possible (within 

months).  

ORANGE deems the matter as important but will require time to ensure proper management 

of the issue (several years). 

GREEN indicates a matter that is not urgent and that can be managed at any given time (time 

independent). 

                                                 
1 SOUTH AFRICAN WATER QUALITY GUIDELINES, Volume 1: Domestic Water Use, Department 
of Water Affairs and Forestry, Second Edition, 1996.   
2 SABS (2015). South African National Standards, 241-1: Drinking Water. 
3 Water enriched in calcium / sodium and chloride ions indicates a highly mineralised, 
stagnant water type that has reached the end of the hydrogeological cycle. This water is 
naturally elevated in salt, attributed to the depositional environment of the Karoo 
Supergroup which was driven by sea water interaction and deposition. The minerals deposited 
from marine/oceanographic origin are enriched in sodium and chloride resulting in a calcium 
/ sodium and chloride water type. 
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Table 3-1: Magdalena Second Quarter findings and recommendations 

SECOND QUARTER FINDINGS FIGURE/S POSSIBLE IMPACTS (RECEIVERS) 
WAY FORWARD AND 
RECOMENDATIONS 

Activity/Pollution Source: Old NNC Underground Workings and Discard Dump 

 There are seven monitoring points located around the old NNC mine 

workings, specifically boreholes MW7, MW7B, MW8, Mag BH1, Mag BH2 as 

well as surface water monitoring points Spring and NGA. 

Groundwater 

 The water levels at borehole MW7 have significantly recovered since March 

2016, indicating that water levels within the mine workings have rebounded. 

The water levels at Mag BH1 and Mag BH2 remain relatively stable, refer to 

Figure 3-1. 

 During the period of lower water levels, oxidation occurred which resulted 

in high sulphate mine drainage conditions, refer to Figure 3-2, forming within 

the mine workings. This resulted in poor water quality at MW7 with EC, TDS 

and salt bearing cations and anions (calcium, magnesium, sodium and 

sulphate) exceeding the WUL and/or SANS guidelines. It is likely that MW7 is 

being contaminated by the old NNC underground workings.  

 The water quality at borehole MW8 is good, with consistently low sulphate 

concentrations and neutral pH conditions.  

 Boreholes MagBH1 and MagBH2 are located down-gradient of the old NNC 

workings. Based on previous drilling records, it is believed that an old discard 

dump is also present up-gradient of MagBH1. 

o The water quality at Mag BH1 is consistently poor with elevated salts and 

sulphate concentrations, recorded as 299 mg/l, in June 2018 (refer to 

Figure 3-2). As such, the water quality at Mag BH1 is most likely 

representative of seepage from the NNC discard dump.  

o EC, TDS and sodium concentrations continue to exceed the WUL and/or 

SANS guidelines at Mag BH2; however, the overall water quality shows no 

significant impact from the mine with low sulphate concentrations.   

 MW7B was dry during the June 2018 monitoring event. 

Surface Water 

 The fluctuating decant water quality of Mag Spring has deteriorated with EC, 

TDS, calcium, magnesium, sodium, sulphate and manganese concentrations 

exceeding the WUL and/or SANS limits in June 2018; Figure 3-2. 

 

 

Figure 3-1: Groundwater level trend graph for boreholes surrounding the old NNC 
workings 

 

 

Figure 3-2: Sulphate time trend graph for monitoring points surrounding the old 
NNC workings 

 Groundwater users: 

o Local farmers. 

o The ZOI of the underground 

workings appears to be 

limited in extent. There are 

no users within the current 

ZOI. 

 Downstream surface water users: 

o The water at NGA is currently 

within acceptable limits (only 

exceeding the aesthetic SANS 

guideline value). No 

significant health risks are 

associated with the current 

water quality, however 

deteriorating water quality 

may impact local users over 

time.  

 Abstraction from the 

underground workings may 

result in the oxidation of 

sulphides at the coal face, and 

result in poor water quality 

seepage and decant, once 

water levels rebound within 

the mine. This has been 

observed at MW7. 

 The installation of a v-notch 

at Spring is recommended. 

This would facilitate the 

measurement of spring flow 

and its comparison to rainfall 

events and groundwater 

abstraction, i.e. the impact of 

mine activities and/or climate 

change on the groundwater 

level.  



Zinoju Coal (Pty) Ltd       Water Monitoring 

18-0145 22 August 2018 Page 7 

SECOND QUARTER FINDINGS FIGURE/S POSSIBLE IMPACTS (RECEIVERS) 
WAY FORWARD AND 
RECOMENDATIONS 

 The hydrochemical data for Ngasane Dam (NGA) indicates a slight 

deterioration in water quality; with calcium and sulphate concentrations 

exceeding the WUL and/or SANS guidelines (Figure 3-2). Increasing sulphate 

concentrations indicates contaminated baseflow seepage into the dam from 

the NNC workings. Future monitoring will confirm 

Activity/Pollution Source: Waste Storage Facilities 

Monitoring points are located at each of the waste storage facilities at 

Magdalena: the discard dump, slurry pond, box cut and PCD’s. 

Discard dump 

 The groundwater level at borehole GCS1 has risen by 1.95 m, remaining 

within the stable historical range, refer to Figure 3-3. The hydrochemical 

data indicates that the water quality at GCS1 has improved slightly since the 

previous quarter with EC, TDS, magnesium, sodium and nitrite exceeding the 

WUL and/or SANS guidelines. Sulphate concentrations remain very low at 

0.98 mg/l, refer to Figure 3-4. The data indicates that the impact of the 

discard dump on borehole GCS1 is moderately low. The borehole represents 

the approximate southern edge of the Zone of Influence of the discard dump.  

 The groundwater levels have remained stable at boreholes GCS2 and MW6, 

refer to Figure 3-3. Both boreholes indicate consistently poor water quality, 

which is likely a result of seepage from the discard dump, with elevated 

salts, manganese and sulphate concentrations observed, refer to Figure 3-4. 

This suggests that high sulphate mine drainage conditions occur at GCS2 and 

MW6 as a result of seepage from the discard dump. The data indicates that 

the ZOI extends in a predominantly easterly direction from the dump. 

Slurry pond 

 The slurry pond has a neutral pH with elevated EC, TDS, calcium, sodium, 

magnesium and sulphate. Sulphate significantly exceeds the WUL and SANS 

guidelines, at a concentration of 1180 mg/l; Figure 3-5. The water quality of 

the slurry pond is therefore poor, which is typical of this waste stream. 

 Boreholes GCS3, MW3 and MW4 display poor water quality with consistently 

elevated salt and sulphate concentrations. The water quality has improved 

since the first quarter, however the quality remains poor overall. MW3 is 

closest in proximity to the slurry pond and MW4 is located along a dyke, 

which acts as a conduit for groundwater flow; as such these boreholes have 

historically shown poorer water quality than GCS3, refer to Figure 3-4, with 

additionally elevated manganese concentrations exhibited in June 2018. It is 

suggested that seepage from the slurry pond may be impacting the water 

quality at all three boreholes, which consequently intercept the ZOI. 

 

 

Figure 3-3: Groundwater level trend graph for boreholes surrounding the waste 
storage facilities 

 

 

Figure 3-4: Sulphate time trend graph for boreholes surrounding the waste storage 
facilities at Magdalena 

 
 
 

 Downstream surface water users: 

o Rural community that relies 

predominantly on 

groundwater due to lack of 

surface water resources. 

o Waste storage facilities are 

contained within the Mining 

Right Area (MRA).  

 Local groundwater users: 

o Rural community. 

o Impact appears to be limited 

to the Mining Right Area, in 

comparison to data collected 

for down gradient borehole 

MG7. 

 As the discard dump is still 

active, no remediation 

measures can be provided at 

this time for this source. 

Effective management of 

stormwater is crucial to 

prevent ponding and ingress 

into the dump during the 

operational pase. 

 It is recommended that at 

least one shallow piezometer 

is augured on the down 

gradient edge of each PCD. 

 Based on the outcomes of a 

PCD design and lining 

assessment conducted by GCS 

for the site in December 2016, 

the installation of a dam lining 

in the PCD is recommended to 

reduce seepages. This may 

vary from normal clay linings 

to HDP geo liners. 
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SECOND QUARTER FINDINGS FIGURE/S POSSIBLE IMPACTS (RECEIVERS) 
WAY FORWARD AND 
RECOMENDATIONS 

Box cut 

 The consistently poor water quality of surface water monitoring site BOX, 

has improved slightly since the previous quarter. The hydrochemistry results 

indicate a neutral pH with high TDS and sulphate concentrations of 1400 mg/l 

and 848 mg/l, respectively, refer to Figure 3-5.  

 BOX is connected to the slurry pond through a series of rock fractures and it 

is, therefore, assumed that the slurry pond is impacting the water quality. 

Higher overall concentrations observed at BOX is most likely a result of 

evaporation, resulting in a concentrated salt load. 

PCD’s: 

 MS4 and MS4a have neutral pH levels with several elevated parameters that 

exceed the WUL and/or SANS guidelines, including EC, TDS, calcium, 

magnesium, sodium and sulphate, refer to Figure 3-5. The deteriorating 

water quality may be attributed to limited dilution of the water bodies 

during the winter period; sulphate concentrations remain significantly 

elevated at 1840 mg/l and 1230 mg/l, respectively. The poor water quality 

of the PCD’s are expected, and should not be compared to the WUL 

guidelines for compliance.  

 Surface water sites MS1 and DS1 were dry during the second quarter 

monitoring event and therefore could not be sampled. 

 

Figure 3-5: Sulphate time trend graph for surface water points associated with waste 
storage facilities at Magdalena 

Activity/Pollution Source: Coal Processing 

 The water quality at GCS4 is relatively good, similar to that of the previous 

quarter. The borehole is characterised by an alkaline pH with several 

parameters exceeding the WUL and/or SANS guidelines including EC, TDS and 

sodium. Figure 3-6 is indicative of a seasonal trend for sulphate and pH. It is 

suggested that seepage from the coal processing area may be impacting the 

water quality at GCS4.  

 The water quality for boreholes MG7, W198 and W101 has remained 

relatively consistent with the water quality of the previous quarter. MG11 

was dry during the June 2018 monitoring event.  

o All three boreholes exhibit low sulphate and metal concentrations as well 

as neutral pH conditions. Elevated EC, TDS, chloride, calcium, 

magnesium, sodium and nitrates were measured at most of the boreholes 

during the June 2018 monitoring event; however, this is relatively typical 

of this area.  

 

 

Figure 3-6: Sulphate vs pH time trend graph for borehole GCS4 

 
 

 Downstream surface water users: 

o Streams downstream of this 

area are typically dry. Single 

contaminated runoff events 

are possible.  

 Local groundwater users: 

o Rural community. Impact 

appears to be limited to the 

Mining Right Area, in 

comparison to data collected 

for down gradient borehole 

MG7. 

 Borehole GCS4 should be 

sealed around the collar and 

protected to prevent 

infiltration of coal fines. 

 The SWMP should be updated 

to ensure that all dirty water 

is contained. 

 Rainfall data would assist in 

the interpretation of water 

quality data at GCS4. 
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SECOND QUARTER FINDINGS FIGURE/S POSSIBLE IMPACTS (RECEIVERS) 
WAY FORWARD AND 
RECOMENDATIONS 

o Sulphate concentrations at W198 and W101 are historically higher than 

those measured at MG7 and MG11, most likely attributed to the proximity 

of W198 and W101 to the coal processing area. These boreholes do not 

exhibit any significant impact from the mine, indicating that the ZOI of 

the coal processing area is limited. 

 

 

Activity/Pollution Source: Underground and Opencast Workings 

 Borehole GCS5 monitors the opencast workings at Magdalena. A decline of 

0.05 m in the water level has occurred since the previous quarter and an 

overall decline of ±2 m since May 2014 is evident in Figure 3-7. The impact 

is not considered significant but a declining trend is apparent and can 

potentially be attributed to mine dewatering, 

 The water quality at GCS5 is good with consistently low sulphate and metal 

concentrations, and neutral pH levels.  

o Elevated EC, TDS, calcium and sodium concentrations that continue to 

exceed the WUL and/or SANS guidelines, are attributed to natural 

conditions within the area.  

o It is accordingly suggested that the underground and opencast workings 

currently have a limited impact on GCS5. 

 The consistently poor water quality of evaporation dam EV1, located near 

the ventilation shafts of the underground workings, has deteriorated slightly 

since the previous quarter, most likely as a result of limited dilution within 

the water body, attributed to decreased rainfall conditions. Several 

parameters including EC, TDS, calcium, magnesium, sodium and sulphate are 

significantly elevated above the WUL and/or SANS guidelines; refer to Figure 

3-8.  

 

 

 

 

 

 

 

 

 

 

Figure 3-7: Groundwater level trend graph for the borehole in the vicinity of the 
underground and opencast workings. 

 

 Downstream surface water users: 

o The existing mine workings do 

not appear to be impacting 

local surface water quality. 

 Local groundwater users: 

o Rural community. 

o Impact appears to be limited 

to the Mining Right Area. 

 There is currently insufficient 

groundwater monitoring data 

for the underground workings. 

Additional boreholes should 

be drilled within the modelled 

ZOI, updated during 2017, 

down gradient of the 

underground workings. 

 Alternatively, monitoring of 

the exploration boreholes 

drilled down gradient of the 

underground workings during 

2017, should be conducted. 

o It is recommended that 

Buffalo Coal provides 

the coordinates of the 

exploration boreholes, 

to facilitate monitoring.   
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SECOND QUARTER FINDINGS FIGURE/S POSSIBLE IMPACTS (RECEIVERS) 
WAY FORWARD AND 
RECOMENDATIONS 

 

 

 

 

 

 

 

Figure 3-8: Sulphate time trend graph for the underground workings 

 Boreholes located within the 

active sections of the 

underground workings are not 

currently required, however 

redundant sections of the 

mine workings may start to 

require groundwater 

monitoring. The redundant 

sections should be mapped 

and investigated to determine 

monitoring requirements. 

Boreholes will need to be 

drilled into the underground 

workings in order to monitor 

rebound and water quality 

over time.   

Activity/Pollution Source: Dust suppression dams 

The dust suppression dams are monitored by FD1 and FD2, Bulwer is an old 

opencast pit, CROSS is the downstream surface water monitoring point and GAT 

is a depression located south of Bulwer. FD1, FD2 and Bulwer are linked to the 

old NNC underground workings, which may be impacting their water quality.  

 The consistently poor water quality at both FD1 and FD2 has deteriorated 

slightly since the previous quarter. Several parameters including TDS and 

sulphates are elevated for both dams (refer to Figure 3-9). It is assumed that 

the source of contamination is the NNC underground workings.   

 The water quality at Bulwer is similar to that of FD1 and FD2, with parameter 

concentrations predominantly increasing since the previous quarter, refer to 

Figure 3-9. The water quality of the old opencast pit therefore remains poor.  

 The water quality of the downstream surface water point CROSS, has 

deteriorated since the previous quarter, resulting in an increasing sulphate 

trend since early 2017, refer to Figure 3-9. TDS and sulphates exceed the 

WUL and SANS guidelines, at concentrations of 3300 mg/l and 2110 mg/l, 

respectively.   

 Surface water sites MS3, downstream of CROSS, and GAT were dry during the 

June 2018 monitoring event. 

 

 

Figure 3-9: Sulphate time trend graph for the dust suppression dams at Magdalena 

 

 Downstream surface water users: 

o The surface water quality is 

impacted on by the old NNC 

workings and is not safe for 

domestic use. 

 Local residents should be 

discouraged from using this 

water for domestic or drinking 

water purposes. 
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APPENDIX A: SPATIAL DISTRIBUTION OF MONITORING LOCALITIES 
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APPENDIX B: FIELD DATA 

 

Site ID 
Latitude 
(wgs84) 

Longitude 
(wgs84) 

SWL (mbgl) pH EC (mS/m) 
Temp 
(˚C) 

TDS 
(mg/L) 

Comments 

Groundwater 

MW3 -27.9742 30.1972 3.44 6.6 307 20.2 1540 No comment. 

MW4 -27.9733 30.1983 x 6.0 472 19.2 2340 No comment. 

MW6 -27.9798 30.1977 13.55 6.1 332 20.4 1650 No comment. 

MW8 -28.0158 30.1888 x 7.4 92 19.1 450 No comment. 

MG7 -27.9700 30.2092 x 8.6 168 19.5 840 No comment. 

MG11 -27.9665 30.2051 x     
The hand pump is broken; it is suspected 
that the borehole is dry. 

GCS1 -27.9833 30.1985 11.3 6.6 109 20.6 530 No comment. 

GCS2 -27.9788 30.1980 13.2 6.7 368 20.4 1830 No comment. 

GCS3 -27.9739 30.1981 5.72 8.6 110 20.8 540 The water is blackish in colour. 

GCS4 -27.9706 30.1967 4.82 9.7 94 18.6 480 No comment. 

GCS5 -27.9610 30.1917 20.81 7.8 131 19.4 640 No comment. 

Mag BH1 -27.9869 30.2020 16.32 6.9 168 16.7 820 
The water is not clear and does not have an 
odour. The borehole is in good condition. 

Mag BH2 -27.9813 30.2119 8.22 7.7 86 18.2 420 
The water is not clear and does not have an 
odour. The borehole is in good condition. 

MW7 -27.9884 30.1974 x 7.1 190 19.4 930 
The water is not clear and has a strong 
odour. 

W101 -27.9743 30.2033 x 7.0 118 18.6 580 No comment. 

W198 -27.9739 30.2009 x 7.1 136 19.4 670 No comment. 

Surface Water 

MS1 -27.9695 30.2055 N/A      

MS2 -27.9626 30.2006 N/A      

MS3 -27.9659 30.2200 N/A      
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Site ID 
Latitude 
(wgs84) 

Longitude 
(wgs84) 

SWL (mbgl) pH EC (mS/m) 
Temp 
(˚C) 

TDS 
(mg/L) 

Comments 

MS4 (PCD3) -27.9718 30.1971 N/A 7.8 306 14.4 1530 No comment. 

MS4A  (PCD2) -27.9716 30.1960 N/A 7.7 237 15.5 1190 No comment. 

MS5 -27.9537 30.1980 N/A      

NGA -27.9885 30.2001 N/A 7.6 59 12.9 290 The dam is full, the water is clear. 

CROSS -27.9716 30.2163 N/A 6.7 318 18.2 1580 No comment. 

DS1 -27.9737 30.2011 N/A      

BOX -27.9815 30.1966 N/A 6.8 170 16.2 850 No comment. 

SPRING -27.9919 30.2030 N/A 6.8 198 18.2 980 No comment. 

BUL -27.9734 30.1983 N/A 6.5 185 11.2 900 The water is clear. 

FD1 -27.9879 30.2064 N/A 7.5 171 9.7 880 The water is clear. 

FD2 -27.9868 30.2060 N/A 7.5 147 13.0 710 The water is clear. 

GAT -27.9949 30.2063 N/A 7.5 46 13.9 220 No comment. 

Mag Slurry -27.9772 30.1961 N/A 7.8 241 14.8 1200 The water is blackish in colour. 

EV1 -27.9688 30.1934 N/A 8.2 245 14.7 1230 No comment. 

 
 
 
 
 
 
 
 
 
  
 



Zinoju Coal (Pty) Ltd               Water Monitoring 

18-0145 22 August 2018 Page 15 

APPENDIX C: HYDROCHEMISTRY DATA 

Groundwater Quality June 2018 GCS1 GCS2 GCS3 GCS4 
WUL Limits 

2015 SABS SANS 241-1 
Standards 

Parameter Unit Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 

Conductivity (EC) mS/m 130.00 109.00 322.00 361.00 119.00 87.00 87.00 88.00 70.00 170.00 

pH   7.20 7.60 6.50 6.70 8.90 8.60 9.60 9.70 
5.00 5.00 

9.00 9.70 

Total Dissolved Solids mg/l 780.00 600.00 3200.00 2300.00 830.00 480.00 500.00 730.00 450.00 1200.00 

Calcium mg/l 45.00 21.00 324.00 325.00 7.10 9.60 0.80 0.90 30.00 n/s 

Chloride mg/l 101.00 100.00 31.00 31.00 29.00 30.00 16.00 16.00 100.00 300.00 

Magnesium mg/l 42.00 32.00 146.00 311.00 58.00 43.00 3.10 2.90 30.00 n/s 

Potassium mg/l 7.60 6.30 13.00 9.90 8.70 5.50 12.00 11.00 n/s n/s 

Sodium mg/l 146.00 145.00 204.00 231.00 147.00 144.00 193.00 186.00 100.00 200.00 

Sulphate mg/l 74.00 0.98 1520.00 2040.00 420.00 352.00 29.00 26.00 200.00 250.00 

Aluminium mg/l 0.01 0.01 0.00 <0.003 0.02 0.01 0.52 0.10 n/s 0.30 

Fluoride  mg/l 0.13 <0.05 0.29 <0.05 <0.05 <0.05 0.11 0.25 n/s 1.50 

Iron mg/l 7.20 0.10 0.29 0.10 0.08 0.17 0.16 0.18 n/s 2.00 

Manganese mg/l 0.40 0.05 3.00 2.80 0.07 0.09 0.01 <0.002 n/s 0.50 

Nitrate mg/l <0.10 1.60 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 6.00 11.00 

Nitrite mg/l <0.50 6.80 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 n/s 0.90 

Total Alkalinity mg/l 475.00 453.00 263.00 455.00 90.00 125.00 430.00 400.00 n/s n/s 

 
 

Groundwater Quality June 2018 GCS5 MW3 MW4 MW6 
WUL Limits 

2015 SABS SANS 241-1 
Standards 

Parameter Unit Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 

Conductivity (EC) mS/m 122.00 123.00 271.00 305.00 533.00 469.00 233.00 341.00 70.00 170.00 

pH   7.70 7.30 7.00 6.50 7.00 6.60 6.80 6.00 
5.00 5.00 

9.00 9.70 

Total Dissolved Solids mg/l 750.00 1000.00 2500.00 2700.00 5800.00 4700.00 2200.00 3400.00 450.00 1200.00 

Calcium mg/l 35.00 32.00 196.00 291.00 424.00 482.00 131.00 472.00 30.00 n/s 

Chloride mg/l 85.00 85.00 16.00 26.00 38.00 33.00 25.00 24.00 100.00 300.00 

Magnesium mg/l 27.00 22.00 130.00 193.00 173.00 329.00 135.00 258.00 30.00 n/s 

Potassium mg/l 6.30 6.00 4.90 8.00 21.00 16.00 15.00 12.00 n/s n/s 

Sodium mg/l 199.00 198.00 192.00 186.00 523.00 391.00 152.00 103.00 100.00 200.00 

Sulphate mg/l 16.00 8.50 1240.00 1600.00 2250.00 3320.00 1060.00 2310.00 200.00 250.00 

Aluminium mg/l 0.11 0.01 0.00 0.01 <0.003 <0.003 0.06 0.01 n/s 0.30 

Fluoride  mg/l 0.91 1.10 0.28 <0.05 <0.05 0.23 0.24 <0.05 n/s 1.50 

Iron mg/l <0.05 <0.05 0.10 0.08 <0.05 <0.05 0.25 <0.05 n/s 2.00 

Manganese mg/l 0.12 0.11 0.06 0.52 4.20 2.70 1.20 1.90 n/s 0.50 

Nitrate mg/l 0.40 0.60 8.10 4.90 <0.10 <0.10 0.10 <0.10 6.00 11.00 

Nitrite mg/l <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 n/s 0.90 

Total Alkalinity mg/l 575.00 540.00 450.00 330.00 348.00 368.00 323.00 193.00 n/s n/s 
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Groundwater Quality June 2018 W 198 MW7 MW8 MagBH1 
WUL Limits 

2015 SABS SANS 241-1 
Standards 

Parameter Unit Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 

Conductivity (EC) mS/m 135.00 139.00 227.00 186.00 

Dry 

93.00 144.00 150.00 70.00 170.00 

pH   7.40 7.00 7.60 7.50 7.70 7.10 7.10 
5.00 5.00 

9.00 9.70 

Total Dissolved Solids mg/l 940.00 920.00 1900.00 1700.00 570.00 1100.00 1400.00 450.00 1200.00 

Calcium mg/l 100.00 95.00 104.00 40.00 48.00 117.00 110.00 30.00 n/s 

Chloride mg/l 47.00 52.00 9.70 9.80 9.20 26.00 26.00 100.00 300.00 

Magnesium mg/l 65.00 61.00 96.00 90.00 14.00 55.00 48.00 30.00 n/s 

Potassium mg/l 5.70 5.00 11.00 10.00 4.10 5.50 7.30 n/s n/s 

Sodium mg/l 99.00 89.00 236.00 219.00 133.00 121.00 134.00 100.00 200.00 

Sulphate mg/l 121.00 173.00 1040.00 832.00 59.00 268.00 299.00 200.00 250.00 

Aluminium mg/l 0.01 0.02 0.01 <0.003 <0.003 0.02 0.02 n/s 0.30 

Fluoride  mg/l 0.33 0.36 0.22 <0.05 0.60 0.34 0.28 n/s 1.50 

Iron mg/l 0.46 <0.05 0.27 0.24 <0.05 <0.05 0.06 n/s 2.00 

Manganese mg/l 0.06 0.05 1.10 0.43 <0.002 0.31 0.37 n/s 0.50 

Nitrate mg/l 17.00 20.00 <0.10 <0.10 1.50 <0.10 <0.10 6.00 11.00 

Nitrite mg/l <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.70 n/s 0.90 

Total Alkalinity mg/l 570.00 533.00 180.00 200.00 451.00 544.00 499.00 n/s n/s 

 

 

Groundwater Quality June 2018 MagBH2 W101 MG7 MG11 
WUL Limits 

2015 SABS SANS 241-1 
Standards 

Parameter Unit Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 

Conductivity (EC) mS/m 44.00 84.00 119.00 115.00 645.00 163.00 143.00 

Dry 

70.00 170.00 

pH   8.20 7.90 7.00 7.00 8.50 8.60 7.10 
5.00 5.00 

9.00 9.70 

Total Dissolved Solids mg/l 270.00 470.00 800.00 890.00 3500.00 940.00 850.00 450.00 1200.00 

Calcium mg/l 16.00 4.10 63.00 61.00 7.50 1.40 5.70 30.00 n/s 

Chloride mg/l 18.00 39.00 41.00 41.00 1850.00 224.00 69.00 100.00 300.00 

Magnesium mg/l 17.00 2.70 46.00 39.00 4.10 0.52 4.30 30.00 n/s 

Potassium mg/l 3.10 2.90 2.60 1.80 13.00 3.20 4.90 n/s n/s 

Sodium mg/l 51.00 186.00 127.00 121.00 1480.00 347.00 319.00 100.00 200.00 

Sulphate mg/l 12.00 1.60 149.00 62.00 0.42 <0.05 2.80 200.00 250.00 

Aluminium mg/l 0.02 0.06 <0.003 <0.003 0.01 0.02 0.01 n/s 0.30 

Fluoride  mg/l <0.05 0.75 0.55 0.59 1.10 1.50 0.75 n/s 1.50 

Iron mg/l 0.18 <0.05 0.06 0.13 <0.05 <0.05 <0.05 n/s 2.00 

Manganese mg/l 0.01 <0.002 0.12 0.10 0.03 0.01 0.03 n/s 0.50 

Nitrate mg/l <0.10 <0.10 0.40 <0.10 <0.10 <0.10 <0.10 6.00 11.00 

Nitrite mg/l <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 n/s 0.90 

Total Alkalinity mg/l 218.00 425.00 515.00 548.00 816.00 570.00 728.00 n/s n/s 
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Surface Water Quality June 2018 BUL FD1 FD2 NGA MS1 MS2 
WUL Limits 

2015 SABS 
SANS 241-1 
Standards Parameter Unit Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 

Conductivity (EC) mS/m 124.00 173.00 146.00 191.00 138.00 155.00 54.00 66.00 159.00 

Dry 

122.00 

Dry 

70.00 170.00 

pH   7.50 8.20 7.50 7.60 7.80 8.00 7.10 7.70 8.40 7.70 
5.00 5.00 

9.00 9.70 

Total Dissolved Solids mg/l 1100.00 1200.00 1200.00 1500.00 1200.00 1100.00 470.00 360.00 1500.00 960.00 450.00 1200.00 

Calcium mg/l 91.00 104.00 108.00 134.00 109.00 114.00 41.00 52.00 135.00 100.00 30.00 n/s 

Chloride mg/l 7.80 8.70 13.00 9.10 11.00 6.30 7.90 <0.05 14.00 47.00 100.00 300.00 

Magnesium mg/l 47.00 62.00 55.00 68.00 54.00 56.00 26.00 29.00 80.00 59.00 30.00 n/s 

Potassium mg/l 8.50 9.20 8.70 8.80 7.30 9.00 2.90 1.40 6.30 3.90 n/s n/s 

Sodium mg/l 166.00 187.00 142.00 207.00 113.00 135.00 23.00 28.00 100.00 66.00 100.00 200.00 

Sulphate mg/l 429.00 718.00 527.00 800.00 582.00 676.00 189.00 272.00 758.00 286.00 200.00 250.00 

Aluminium mg/l 0.01 0.00 0.00 <0.003 0.03 0.01 0.01 0.02 0.01 0.01 n/s 0.30 

Fluoride  mg/l 0.82 <0.05 0.67 <0.05 0.62 <0.05 1.10 <0.05 0.49 0.49 n/s 1.50 

Iron mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.050 n/s 2.00 

Manganese mg/l 0.01 <0.002 <0.002 <0.002 0.58 <0.002 <0.002 <0.002 <0.002 0.00 n/s 0.50 

Nitrate mg/l <0.10 <0.10 <0.10 <0.10 0.10 <0.10 <0.10 <0.10 0.10 0.30 6.00 11.00 

Nitrite mg/l <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 n/s 0.90 

Total Alkalinity mg/l 348.00 246.00 253.00 303.00 173.00 158.00 30.00 <12.00 123.00 298.00 n/s n/s 

 

 

Surface Water Quality June 2018 MS3 MS4 MS4a MS5 EV1 CROSS 
WUL Limits 

2015 SABS 
SANS 241-1 
Standards Parameter Unit Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 

Conductivity (EC) mS/m 

Dry Dry 

201.00 326.00 174.00 261.00 96.00 

Dry 

179.00 261.00 264.00 523.00 70.00 170.00 

pH   7.50 7.60 7.20 7.90 8.30 7.50 7.90 7.50 7.90 
5.00 5.00 

9.00 9.70 

Total Dissolved Solids mg/l 1800.00 2200.00 1500.00 2100.00 730.00 1500.00 2200.00 2300.00 3300.00 450.00 1200.00 

Calcium mg/l 136.00 257.00 120.00 163.00 65.00 125.00 171.00 401.00 376.00 30.00 n/s 

Chloride mg/l 9.80 17.00 6.00 17.00 49.00 7.50 17.00 9.70 12.00 100.00 300.00 

Magnesium mg/l 87.00 165.00 67.00 107.00 50.00 74.00 117.00 154.00 198.00 30.00 n/s 

Potassium mg/l 5.70 7.00 6.20 11.00 5.70 7.00 12.00 9.20 8.50 n/s n/s 

Sodium mg/l 186.00 306.00 176.00 242.00 59.00 194.00 284.00 138.00 176.00 100.00 200.00 

Sulphate mg/l 1030.00 1840.00 921.00 1230.00 251.00 907.00 1460.00 1660.00 2110.00 200.00 250.00 

Aluminium mg/l 0.01 <0.003 0.06 <0.003 0.02 0.03 0.01 0.02 <0.003 n/s 0.30 

Fluoride  mg/l 0.26 <0.05 0.22 <0.05 0.29 0.34 <0.05 0.49 <0.05 n/s 1.50 

Iron mg/l <0.05 <0.05 <0.05 <0.05 0.05 <0.05 <0.05 <0.05 <0.05 n/s 2.00 

Manganese mg/l 0.25 <0.002 3.20 <0.002 0.01 0.58 <0.002 0.00 <0.002 n/s 0.50 

Nitrate mg/l <0.10 <0.10 0.40 0.60 <0.10 0.30 <0.10 0.10 <0.10 6.00 11.00 

Nitrite mg/l <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 n/s 0.90 

Total Alkalinity mg/l 133.00 233.00 53.00 273.00 178.00 95.00 275.00 110.00 110.00 n/s n/s 
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Surface Water Quality June 2018 BOX Mag Spring MAG Slurry DS1 GAT 
WUL Limits 

2015 SABS 
SANS 241-1 
Standards Parameter Unit Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 Mar-18 Jun-18 

Conductivity (EC) mS/m 376.00 190.00 35.00 194.00 258.00 265.00 

Dry Dry 

51.00 

 

70.00 170.00 

pH   3.30 8.00 7.30 6.90 7.10 8.10 8.00 
5.00 5.00 

9.00 9.70 

Total Dissolved Solids mg/l 3500.00 1400.00 270.00 1500.00 2100.00 2000.00 350.00 450.00 1200.00 

Calcium mg/l 286.00 103.00 28.00 143.00 159.00 89.00 38.00 30.00 n/s 

Chloride mg/l 19.00 12.00 4.40 9.40 14.00 26.00 5.20 100.00 300.00 

Magnesium mg/l 114.00 66.00 16.00 75.00 77.00 60.00 22.00 30.00 n/s 

Potassium mg/l 13.00 10.00 3.70 11.00 10.00 13.00 4.50 n/s n/s 

Sodium mg/l 469.00 210.00 19.00 205.00 375.00 371.00 37.00 100.00 200.00 

Sulphate mg/l 2410.00 848.00 83.00 889.00 1200.00 1180.00 89.00 200.00 250.00 

Aluminium mg/l 33.00 0.004 0.76 <0.003 0.29 0.01 0.05 n/s 0.30 

Fluoride  mg/l 0.53 <0.05 1.50 <0.05 0.24 <0.05 0.89 n/s 1.50 

Iron mg/l 0.80 <0.05 0.55 <0.05 <0.05 <0.05 <0.05 n/s 2.00 

Manganese mg/l 11.00 <0.002 0.00 2.00 3.50 0.03 0.01 n/s 0.50 

Nitrate mg/l 1.30 <0.10 <0.10 <0.10 1.40 <0.10 <0.10 6.00 11.00 

Nitrite mg/l <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 n/s 0.90 

Total Alkalinity mg/l <12.00 228.00 128.00 290.00 38.00 223.00 178.00 n/s n/s 
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EXECUTIVE SUMMARY 

GCS (Pty) Ltd (GCS) was appointed by Buffalo Coal (Pty) Ltd (Buffalo) to undertake the Winter 

Aquatic Biomonitoring Assessment for the Magdalena Colliery.  

 

The aim of the aquatic assessment was to ascertain, by means of rapid biomonitoring 

methods, the ecological state of the surface water (river) resources affected by mining 

activities. This report presents the results obtained during the 2018 Winter aquatic 

assessment of various water courses in the vicinity of the coal mine, based on the information 

gathered during the field survey. The survey included in situ assessments of water quality, 

invertebrate habitat availability, aquatic invertebrate communities and anthropogenic 

impacts to the instream and riparian environments.  

 

The Magdalena Coal Mine is located in the quaternary catchment V32D of the Pongola-

Mtamvuna Management Area (WMA 4). The Mzinyashana, Poonaspuit, and Bloubankspruit 

Rivers are the primary rivers systems draining the area. The headwater regions of the latter 

two systems are in close proximity to the mine and are characterised by prominent ephemeral 

donga systems reflecting severe erosion. 

 

The winter sampling event was undertaken on the 6th of August 2018. Four sites were 

surveyed, of which only one, Mag_3A had flowing water and was suitable to conduct an 

aquatic assessment in accordance with the SASS5 protocol. This site was located within the 

seasonal/ephemeral upper reaches of the Bloubankspruit River.  

 

An assessment of the modification to the river courses (IHI) suggested that site Mag_3A was 

moderately modified condition (Class C), having suffered loss and change of natural habitat. 

Habitat diversity (IHAS score) was established to be ‘inadequate’, in order to support a 

diverse aquatic invertebrate community. This was attributed to the absence of marginal 

vegetation.  

 

The results for site Mag_3A indicated that the Bloubankspruit River has been seriously 

modified. Significant degradation of the basic ecosystem functions was detected, which was 

attributed to poor water quality and absence of riparian vegetation which impacted on the 

species composition of the community together with the deficiency in habitat diversity. High 

values of TDS and EC were measured at this site, which has limited the occurrence of 

pollution-sensitive aquatic species. These levels may be concentrated due to the low rainfall 

and water levels present during the winter period.     

 

The results of the assessment are summarised in Table 1-1.  
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Table 1-1. Summary of 2018 Winter aquatic assessment for the Magdalena Colliery 

Site  Mag_3A 

SASS / ASPT 51 / 4.6 

Ecological Category  

E/F 

Seriously Modified 

Water quality Exceeding SAWQG limits 

IHAS Inadequate 

IHI  C 

 

It can be concluded that the Bloubankspruit River is impacted by the mining operations of 

Magdalena considering that this monitoring point is downstream from the pollution control 

dams, the discard dump and the coal washing plant and the slurry dam, as well as run off 

from concentrated recycled irrigation water stored to the south of the mine.  

Other impacts observed included the removal of indigenous vegetation, leading to severe 

erosion of the riparian area, agricultural activities form surrounding communities as well as 

solid waste was present at a two of the four sites surveyed. 

 

In respect to establishing a biomonitoring programme based on the SASS5 protocol it is 

recommended that:  

 Sites Mag_ 3B and Mag_2C are removed from the biomonitoring plan due to these 

sites being in ephemeral river systems with irregular presence of flowing water which 

limits the establishment of aquatic invertebrate communities and therefore produces 

results with a lower confidence. 

 Biannual sampling is undertaken in the Mzinyashana River at the reference site, one 

site in the perennial lower reaches of the Bloubankspruit River (Site Mag_3A), and 

two new sites that includes one upstream and one downstream of the Bloubankspruit 

River confluence in the perennial Buffels River. These two sites would need to be 

tested in future biomonitoring surveys. 

 These data must be investigated in light of water quality monitoring data obtained 

in close proximity to the coal mine, including the donga systems. Water quality 

monitoring must continue to include chemical and potentially nutrient analyses. 
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1 INTRODUCTION 

 

1.1 Project background and Project Brief 

GCS (Pty) Ltd (GCS) was appointed by Buffalo Coal (Pty) Ltd (Buffalo) to undertake the Winter 

Aquatic Biomonitoring Assessment for the Magdalena Colliery, Buffalo Coal (Pty) Ltd (Error! 

eference source not found.). 

 

The Magdalena Colliery is located 22 km north of the town of Dundee, in the Amajuba District, 

KwaZulu-Natal, and encompasses approximately 1 844 ha. A Water Use License 

(07/V32D/AGJ/968) was issued on the 18th of August 2011, in terms of the National Water Act 

(Act 36 of 1998) Section 21 (a, g, and j). In respect to monitoring, the conditions of the license 

stipulate, inter alia, that an aquatic monitoring programme must be established and must 

include biannual sampling surveys (summer and winter) “to reflect the status of the river 

upstream and downstream of the mining activities”. 

 

This document constitutes the first winter aquatic assessment of selected sites in proximity 

to, or potentially affected, by the Magdalena Colliery. The sites that were identified and 

surveyed in the first summer assessment (January 2018) were again assessed during the winter 

period. The site visit was undertaken on the 6th of August 2018. 

 

1.2 Scope of Work 

The aim of the aquatic assessment is to ascertain, by means of rapid biomonitoring methods, 

the ecological state of the surface water (river) resources affected by mining activities of the 

Magdalena Coal Mine. 

 

Further information on the application of the SASS5 protocol and history of the River Health 

Program is provided in Appendix 1. 

 

The objectives of the biomonitoring assessment are to: 

 Comply with the IWULA monitoring measures for Magdalena Mine; 

 Determine the Present Ecological State of the aquatic riverine ecosystems transecting 

the mining rights area for Magdalena on a biannual basis; 

 Assess any mining impacts on the aquatic ecology of the area and identify mitigation 

measures to minimise such impacts; and 

 Monitor spatial and temporal trends in the integrity of the riverine ecosystems in the 

vicinity of the mining facility. 
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Figure 1-1: Location of the Magdalena Colliery 

MAGDALENA COLLIERY LOCALITY 

Buffalo Operations 
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The following scope of work for the winter aquatic assessment was undertaken:  

 In situ water quality variables were measured at the time of sampling; 

 The integrity of the aquatic habitat was assessed using the Integrated Habitat 

Assessment System (IHAS), Index of Habitat Integrity (IHI) and visual assessment of 

impacts=; and 

 Assessment of the health of the watercourse(s) according to the aquatic 

macroinvertebrates presented by using the South African Scoring System vers. 5 

(SASS5) Protocol (Dickens & Graham, 2002). 

 

1.3 Limitations and Assumptions 

Limitations and uncertainties often exist within the various techniques adopted to assess the 

condition of ecosystems. The following assumptions and limitations apply to the biomonitoring 

techniques and methods utilised to undertake this study: 

 Analysis of the river ecosystems was undertaken according to nationally developed 

methodologies as defined by the Department of Water Affairs National River Health 

Programme (1994) and adopted in the REMP; 

 In line with the REMP, the SASS5 biomonitoring protocol should be limited to 

appropriate sites, that being, in flowing rivers (except in flood conditions) and where 

suitable habitats prevail. The method has not been sufficiently tested on ephemeral 

systems and should be used with caution (Dickens & Graham, 2002); 

 Findings and recommendations of this report are based on site characteristics and 

biomonitoring results, and also on the data and resources available at the time of the 

study; 

 Recommendations are based on professional opinion; and 

 The report is based on survey and assessment techniques that are limited by time and 

budgetary constraints relevant to the type and level of investigation undertaken. 

 

2 METHODS OF INVESTIGATION 

 

2.1 Water Quality 

Water quality refers to the general appearance, physical, chemical, and biological 

characteristics of a water resource and serves as an essential descriptor of river health and 

habitat integrity (DWAF, 1996). In situ measurements taken at the time of biological sampling 

are a reflection of the prevailing aquatic ‘living’ conditions and thus correlate with type of 

organisms captured. Water quality data therefore provide valuable information for the 

interpretation of community assessment data.  

 

The in situ water quality was measured at the aquatic biomonitoring site Mag_3A using a Hanna 

HI 9811-5 EC/TDS/pH meter and a HI 9147 Dissolved Oxygen and Temperature Meter for 

Aquaculture. The following parameters were recorded: temperature (°C), pH, electro-
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conductivity (EC) (mS/m), total dissolved solids (TDS), dissolved oxygen (% saturation) and 

oxygen content (mg/l). 

 

The recorded values were compared against the Target Water Quality Ranges (TWQRs) in terms 

of the South African Water Quality Guidelines for Aquatic Ecosystems (SAWQGs) (DWAF, 1996) 

to ascertain whether any of the measured parameters were beyond the prescribed limits for 

healthy river ecosystems and therefore detrimental to aquatic organisms.  Where available, 

previous data from the REMP/RHP were used for comparative purposes. 

 

Although these measurements are only a “snapshot” of the conditions present at the time of 

sampling, they do provide valuable insight into the physico-chemical characteristics of the 

aquatic resource at a specific spatial location. This is important to note as the water quality 

findings aid in the interpretation of the response components measured i.e. the macro-

invertebrate community biomonitoring data. 

 

2.1.1 pH 

The pH of natural waters is determined by both geological and atmospheric influences, as well 

as by biological activities. Most fresh water resources are usually relatively well buffered with 

a pH range from 6 to 8 (Davies and Day, 1998) and are slightly alkaline due to the presence of 

bicarbonates of the alkali and alkaline earth metals (DWAF, 1996). The pH target for fish 

health should range between 6.5 and 9.0, as most species will tolerate and reproduce 

successfully within this pH range (Alabaster and Lloyd, 1982). A pH value of > 9.0 usually 

indicates eutrophic conditions (nutrient enrichment) (Davies and Day, 1998). The nutrient 

loads that cause eutrophication are usually a consequence of human activities and may result 

from runoff from farms, and industrial, urban and animal waste.  

 

According to the SAWQG (DWAF, 1996b), pH values should not vary from the range of the 

background pH values for a specific site and time of day (spatial variation) by more than 0.5 

of a pH unit, or by more than 5%, and should be assessed by whichever estimate is the more 

conservative. However, in all cases, local background conditions should be determined 

(including diel and seasonal variability where appropriate) when establishing water quality 

objectives for a particular aquatic ecosystem (DWAF, 1996). 

 

2.1.2 Temperature 

Water temperature plays an important role in aquatic ecosystems by affecting the rates of 

chemical reactions and therefore also the metabolic rates of organisms (Davies and Day, 1998). 

Temperature affects the rate of development, reproductive periods and emergence time of 

organisms (Davies and Day, 1998). Temperature varies with season and the life cycles of many 

aquatic macro-invertebrates are cued to temperature (Davies and Day, 1998). 
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Aquatic organisms have upper and lower thermal tolerance limits, an optimal temperature for 

growth, a preferred temperature range in thermal gradients, and temperature limitations for 

migration, spawning and egg incubation (Davies and Day, 1998). Therefore, rapid changes in 

temperature may severely affect aquatic organisms and lead to mass mortality. Less severe 

temperature changes in water bodies may have sub-lethal effects or lead to an alteration in 

the existing aquatic community (Davies and Day, 1998).  

 

2.1.3 Total Dissolved Solids & Electrical Conductivity   

Electrical Conductivity (EC) is a measure of the ability of water to conduct an electrical 

current (DWAF, 1996b). This ability is a result of the presence of ions such as carbonate, 

bicarbonate, chloride, sulphate, nitrate, sodium, potassium, calcium and magnesium, all of 

which carry an electrical charge (DWAF, 1996b). Many organic compounds dissolve in water 

but do not dissociate into ions (ionise), and consequently they do not affect the EC (DWAF, 

1996b). Electrical Conductivity is a rapid and useful surrogate measure of the Total Dissolved 

Solids (TDS) concentration of waters with a low organic content (DWAF, 1996b).  

 

According to Davies & Day (1998), freshwater organisms usually occur where TDS values are 

less than 3000 mg/l. According to the TWQRs for Aquatic Ecosystems (DWAF, 1996b), TDS 

concentrations should not vary by more than 15% from the normal cycles of the water body 

under un-impacted conditions at any time of the year. However, in all cases, local background 

conditions should be determined (including diel and seasonal variability where appropriate) 

when establishing water quality objectives for a particular aquatic ecosystem (DWAF, 1996b).  

 

Limited unimpacted measurements are available (Dallas and Day, 2004), and previous water 

quality data were not available for these specific sites, except Mag_3A, to apply the SAWQG 

for Aquatic Ecosystems. However, historical water quality data was available for other sites 

as part of the Magdalena Colliery surface water quality monitoring programme (See Appendix 

3). The laboratory and fourth quarter 2018 field data were interrogated to assess the range of 

conditions contributing to the water quality at the sites in the current study. 

 

2.1.4 Dissolved Oxygen  

The maintenance of adequate Dissolved Oxygen (DO) is critical for the survival and functioning 

of aquatic biota as it is required for the respiration of all aerobic organisms. Therefore, the 

DO concentration provides a useful measure of the health of an ecosystem (DWAF, 1996b). 

The median guideline for DO for the protection of aquatic biota is more than 5 mg/l (Kempster 

et al., 1980). In addition, the percentage oxygen saturation level was determined using the 

United States Environmental Protection Agency (USEPA, 1992) data and is incorporated into 

the SAWQG (DWAF, 1996b). According to DWAF (1996b), the TWQR for aquatic ecosystems 

states that dissolved oxygen concentrations should be between 80% and 120% of saturation. 
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2.2 Habitat Assessment 

Habitat integrity is a critical component of river ecology as it governs the suitability of a river 

for inhabitation by aquatic organisms. Knowledge of the existing habitats and their quality is 

therefore important in evaluations of riverine health. Habitat integrity can be assessed in 

terms of ecosystem impacts and habitat conditions at each site and is useful for the 

interpretation of the biological community data collected.   

 

2.2.1 Index of Habitat Integrity 

The Index of Habitat Integrity (IHI) assessment takes into account the impacts on the riparian 

and the instream habitats and describes their Present Ecological State (PES). The severity of 

each impact is ranked using a six-point scale with 0 (no impact), 1 to 5 (small impact), 6 to 10 

(moderate impact), 11 to 15 (large impact), 16 to 20 (serious impact) and 21 to 25 (critical 

impact). The estimated impact of each criterion is calculated as follows: 

 

Rating for the criterion/maximum value (25) x weight (percent) 

 

The estimated impacts of all criteria calculated in this way are summed, expressed as a 

percentage and subtracted from 100 to arrive at an assessment of habitat integrity for the 

instream and riparian components respectively.  The method classifies habitat integrity into 

one of six classes, ranging from unmodified/natural (Class A), to critically modified (Class F) 

(Table 2-1) (Kleynhans et al., 2009). 

 

Table 2-1. Habitat Integrity categories for instream and riparian zone habitats 

Ecological 
Category Description 

Score  
(% of total) 

A Unmodified, natural.   90 - 100 

B 

Largely natural with few modifications. The flow regime has 
been only slightly modified and pollution is limited to 
sediment. A small change in natural habitats may have 
taken place. However, the ecosystem functions are 
essentially unchanged. 

80 - 89 

C 

Moderately modified. Loss and change of natural habitat 
and biota have occurred. Community composition is 
therefore lower. Basic ecosystem functions are still 
predominantly unchanged 

60 - 79 

D 
Largely modified. A large loss of natural habitat, biota and 
basic ecosystem functions has occurred. 

40 - 59 

E 
Seriously modified. . The loss of natural habitat, biota and 
basic ecosystem functions is extensive. 

20 - 39 

F 

Critically/Extremely modified. Modifications have reached 
a critical level and the system has been modified 
completely with an almost complete loss of natural habitat 
and biota. Changes are likely to be irreversible. 

0 - 19 

(Source: Kleynhans et al., 2009) 
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2.2.2 Integrated Habitat Assessment 

The Integrated Habitat Assessment System (IHAS v2) was used to assess the specific habitat 

suitability for the survival of aquatic macro-invertebrates and aid in the interpretation of the 

SASS5 results. The diversity and quality of the three habitat biotypes (Stone, Vegetation, and 

GSM) was recorded, assessed and calculated for Site Mag_3A. 

 

The IHAS v2 score is presented as a percentage, where 100% represents pristine habitat quality 

and diversity. A score of above 65% represents a section of river that has adequate 

representation of all the major biotopes and therefore good habitat quality. A score of 

between 55 and 65% is indicative of a river reach that lacks adequate (average) representation 

of certain biotopes or biotopes of poor quality.  A score of less than 55% is indicative of the 

complete lack of certain biotopes or biotopes that have been critically modified. This infers 

poor habitat quality, which in turn will impact negatively on aquatic invertebrate community 

composition. 

 

The IHAS v2 was developed specifically for use with the SASS5 protocol in South Africa 

(McMillan, 1998). Scores for the IHAS v2 index were interpreted according to the guidelines in 

Table 2-2 below. 

 
Table 2-2. Interpretation guidelines for the IHAS index 

IHAS Score Description 

>75% 
Habitat diversity and structure is highly suited for supporting a diverse aquatic 
macro-invertebrate community 

65% - 75% 
Habitat diversity and structure is adequate for supporting a diverse aquatic 
macro-invertebrate community 

<65% 
Habitat diversity and structure is inadequate for supporting a diverse aquatic 
macro-invertebrate community 

 

2.3 Biological Sampling 

Aquatic biomonitoring of river benthic invertebrates was undertaken according to the DWA-

endorsed SASS v.5 sampling protocol (Dickens & Graham, 2002), where suitable habitat 

conditions and safe accessibility prevailed. The method utilises a semi-quantitative sampling 

approach, were the relative abundances of stipulated aquatic invertebrate taxa are recorded 

within a specific time limit.  
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All sampling was undertaken by an accredited SASS5 practitioner. All three biotypes (GSM, 

Stones and Vegetation) if available, were sampled at Site Mag_3A. Samples were 

cleaned/cleared of as much unnecessary material as possible prior to invertebrate 

identification. The SASS score and Average Score Per Taxon (ASPT) (SASS Score divided by the 

number of taxa) were calculated for Site Mag_3A and were used to plot the PES, according to 

the ecological state model for the North Eastern Uplands ecoregion (lower zone) (Dallas, 

2007). The SASS5 and ASPT limits used to categorise the ecological state are graphically 

presented in Figure 2-1 and summarised in   
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Table 2-3. 

 

Dallas (2007) suggested that biological data collected in this region should be interpreted with 

caution as there was limited data available at the time to generate the biological bands or 

ecological categories that are used to interpret the data. SASS5 data is available for the 

REMP/RHP Reference site V3MZIN-COTSW (Dallas, 2005) 

 

 

Figure 2-1. Present Ecological State (PES) Categories for the Lower Region of the North 
Eastern Uplands ecoregion 
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Table 2-3. Modelled Reference Conditions for the North Eastern Uplands ecoregion 
(lower zone) based on SASS5 and ASPT scores 

SASS5 
Score 

ASPT 
Ecological 
Category 

Category 
Name 

Description 

> 116 > 8.5 A Natural 
Unmodified, natural.  Natural habitats, ecosystem 
functions, and biota are at an optimum and 
comparable to the best possible condition.  

106 - 
116 

6.1 – 
8.5 

B Good 

Largely natural with few modifications. A small 
change in natural habitats and biota may have 
taken place, but Ecosystem functions are 
essentially unchanged 

85 - 
106 

5.4 - 
6.1 

C Fair 

Moderately modified. Loss and change of natural 
habitat and biota have occurred. Community 
composition is therefore lower. Basic ecosystem 
functions are still predominantly unchanged 

71 - 85 
4.8 - 
5.4 

D Poor 
Largely modified. A large loss of natural habitat, 
biota and basic ecosystem functions has occurred. 
Community composition is markedly reduced. 

< 71 < 4.8 E/F 
Seriously 
modified 

Seriously modified. The loss of natural habitat, 
biota and basic ecosystem functions is extensive. 
Very few taxa are present due to loss of most of 
the sensitive species. 

(Source: Dallas, 2007) 

 

3 STUDY AREA 

3.1 Ecoregion 

Ecoregions refer to modelled physiographic areas that are selected on pre-defined regional 

characteristics, including rainfall, topography and vegetation. An ecoregion is an area with 

similar physical characteristics (Kleynhans 2005) and is expected to support a unique 

combination of flora and fauna. The Magdalena Colliery falls within the North Eastern Uplands 

ecoregion (Ecoregion 14.2) (Appendix 2). The characteristics of the study area are described 

in more detail in the sections below. 

 

3.2 Climate and Rainfall 

The Dundee area experiences summer peak rainfall periods, with mean annual precipitation 

of about 684 mm per annum, i.e. falling within the high rainfall intensity region. It receives 

the lowest rainfall (1 mm) in June and the highest (134 mm) in January. Mean annual 

temperatures range from 16 - 22°C, with average midday temperatures ranging from 18.6°C 

in June (winter to 25.9°C in January (summer). The region is the coldest during July when 

night time temperatures reach a minimum of 2.7°C. 

 

3.3 Water Resources and Drainage 

The Magdalena Coal Mine is located in the quaternary catchment V32D of the Pongola-

Mtamvuna Management Area (WMA 4) (Figure 3-1). The Poonaspuit River (a tributary of the 

Bloubankspruit) located north of the mine, the Bloubankspruit River to the east, and the 
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Mzinyashana River to the south, are the primary rivers systems draining the area. According 

to the Atlas of Freshwater Ecosystem Priority Areas (FEPAs) (Nel et al., 2011), the PES, or 

health, of the Mzinyashana River is moderately modified (Category C), There is currently no 

data on the Present Ecological State of the Poonaspruit and Bloubankspruit rivers. However, 

the head water regions are characterised by prominent donga systems (indicated by the brown 

shading in Figure 3-1 below) reflecting severe erosion. These systems are generally only wet 

following prolonged seasonal rainfall or extreme rainfall events. The Mzinyashana and 

Bloubankspruit rivers are tributaries to the Buffalo River, which is the major regional river 

system, and this is system is considered to be in a largely natural condition (Category B).  

 

Surface flow is also captured by numerous farm dams located mainly in the south and used for 

crop irrigation. 

 

3.3.1 National Freshwater Ecosystem Priority Areas 

The Atlas of FEPAs in South Africa (Nel et al., 2011) provides a series of maps detailing 

strategic spatial priorities for conserving South Africa’s freshwater ecosystems and supporting 

sustainable use of water resources. The FEPAs were identified through a systematic 

biodiversity planning approach that incorporated a range of biodiversity aspects such as 

ecoregion, current condition of habitat, presence of threatened vegetation, fish, frogs and 

birds, and importance in terms of maintaining downstream habitat. River FEPAs achieve 

biodiversity targets for river ecosystems and threatened/near threatened fish species, and 

were identified for rivers that are currently in a good condition (A or B ecological category). 

The FEPA status indicates that they should remain in a good condition in order to contribute 

to national biodiversity goals and support sustainable use of water resources. 

 

The Buffels River is listed as a FEPA because it functions as a critical ecological corridor for 

the movement of threatened fish between habitats (SANBI BGIS, Nel et al., 2011). The 

catchment areas of the Mzinyashana and the Bloubankspruit rivers are flagged as upstream 

management areas in which human activities need to be managed to prevent degradation of 

downstream river FEPAs and Fish Support Areas (Nel et al., 2011). 
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Figure 3-1: Regional drainage features surrounding the Magdalena Colliery

MAGDALENA MINE 
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3.4 Landscape Features & Vegetation Types 

The North Eastern Uplands ecoregion is characterised by a diversity of terrain morphological 

types, but is dominated by lowlands to closed hills and mountains with moderate and high 

relief.  

 

The vegetation of the Dundee area is dominated by Income Grassland covering the very flat 

extensive areas and characterised by low sourveld tussock growth forms. Approximately 27% 

has been transformed by cultivation, plantations and urban sprawl, while the impact of 

invasive alien vegetation to not considered serious. Erosion is particularly prevalent, with 30-

38% of the area exhibiting a moderate to high degree of erosion. Northern KwaZulu-Natal Moist 

Grassland is common on the higher lying hills and rolling landscape, supporting tall tussock 

grassland species (Mucina & Rutherford, 2006). It is estimated that more than 25% of this 

vegetation type has been transformed with notable invasive alien vegetation and bush 

encroachment. Most of this vegetation type is subject to very low erosion (Mucina & 

Rutherford, 2006). 

 

3.5 Geology & Soil Types 

The area is characterised by mudstones, sandstones and shales of the Beaufort and Ecca 

Groups of the Karoo Supergroup and intruded by Jurassic dolerites (Mucina & Rutherford, 

2006). The resulting land types found are predominantly shallow, poorly drained sandy soils 

of low nutrient value (types Bb, Ac, Fa, Ca) (Mucina & Rutherford, 2006). 

 

3.6 Land-use and Infrastructure 

Land-use of the Dundee area can be described as largely rural in character with scattered 

rural settlements occupying disturbed grassland, commercial agriculture (dryland and 

irrigated), and isolated areas of urban development and industrial activities (predominantly 

mining) (Error! Reference source not found.). The area between the Magdalena Colliery and 

he Buffels River encompasses widespread rural settlements, such as Anville, Dorset, Path 

Farm, and Curragh, to name a few. These areas support employees to the mine. Irrigated 

croplands are found to the south-east of the Magdalena Colliery, which make use of instream 

farm dams and allegedly clean mine water, for irrigation. 

 

The towns of Dundee and Glencoe are the major nuclei of human settlement. Dundee is the 

centre point for several major link roads (R33, R68, R602) that extend across the north eastern 

portion of KwaZulu-Natal, as well as railway lines, which service the surrounding mines. The 

areas of Dundee and Glencoe form part of the so-called Coal Rim of KwaZulu-Natal, but other 

metal ores are also found in the broader region. 
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4 FINDINGS OF ASSESSMENT 

4.1 Sampling Sites  

Sampling sites were selected at the time of the summer survey (January 2018) based on the 

following criteria: 

 Location relative to the coal mine; 

 Nature of flow (perennial vs non-perennial); 

 Accessibility;  

 Suitable habitat conditions for SASS5 application; and  

 Proximity to existing water quality monitoring points. 

 

The winter sampling event was undertaken on the 6th of August 2018. Four sites were surveyed, 

of which only one, Mag_3A, had flowing water and was suitable to conduct an aquatic 

assessment in accordance with the SASS5 protocol. This site was located within the 

seasonal/ephemeral upper reaches of the Bloubankspruit River.  

 

The location of the aquatic sampling points are summarised in Table 4-1 and presented in 

Figure 4-1. Photographs and a description of the sites are provided in the following section. 

 

Table 4-1: Magdalena Colliery Aquatic Sampling Sites 

Site Description 
Co-ordinates WINTER 2018 

STATUS Latitude Longitude 

AS_Ref 
Reference site located on the Mtotwane 
River above Ngobiya River confluence to 
the Mzinyashana River 

-28.042742° 30.158677° 

Stagnant 
pools of 
water,  

Not sampled 

Mag_2C 

Located on the Poonaspruit River above 
the confluence with the Bloubankspruit 
River, downstream of underground 
workings of Magdalena Coal Mine. 

-27.937740° 30.248349° 

Stagnant 
pools of 
water,  

Not sampled 

Mag_3A 

Located on the Bloubankspruit River at 
confluence of 3 donga systems, 
downstream of coal mine dump and 
numerous farm dams. 

-27.965590° 30.220670° 
Flowing 
water, 

Sampled 

Mag_3B 
Located on the Bloubankspruit River above 
the confluence with the Poonaspruit River, 
downstream of Magdalena Coal Mine. 

-27.938597° 30.250670° 

Stagnant 
pools of 
water,  

Not sampled 
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Figure 4-1. Aquatic monitoring sites around the Magdalena Coal Mine, Amajuba District 



 Buffalo Coal (Pty) Ltd Winter Aquatic Assessment Magdalena Colliery 

17-0391 13 November 2018 Page 22 

4.2 Site Descriptions 

The site descriptions detailed below are based on the prevailing conditions at the time of 
sampling. 
 
4.2.1  Site AS_Ref (Mtotwane River) 

Surrounding features: 
 The Aviemore Colliery is located approximately 9 km south-east of the site.   

 The surrounding area is characterised by extensive, undeveloped grassland on privately owned 
land. The land immediately adjacent to the site is used for small-scale dairy and beef farming 
(grazing), and maize cultivation (mostly dryland).  

 The river is channelled beneath the D11 Road by means of several culverts. In-stream farm fences 
flank the road bridge on either side. 

 The Springlakes Colliery is located 3.4 km south-west of the site near the settlement of 
Hattingspruit, and the tributary draining the coal mining area enters the Mtotwane R. 2.3 km 
upstream of the site. 

 The Ngobiya R. tributary joins the Mtotwane R. approximately 1.3 km downstream of the site. 

 A large exotic gum plantation exists to the east of the site. 

Riparian characteristics: 
 The river channel was characterised by rocky substrate, predominantly boulders and cobbles. 

 The river channel above and below the road bridge was between 6-8 m wide and narrowed as the 
river continued to meander downstream.  

 The riparian zone was devoid of woody vegetation and trees and characterised by grasses. 

 Adjacent to the river, the D11 road was stabilised by means of gabion baskets to reduce ongoing 
erosion from road run-off and cattle tracks. 

Flow characteristics:  
 Flowing water was absent at the site. 

 Stagnant pools of water were observed upstream and downstream of the road crossing. 

Water quality: 
 The standing water at this point in the Mtotwane River was slightly opaque and algal growth was 

present within the water column.  

 No in situ water quality parameters were taken. 

Erosion potential: 
 The potential for erosion was high given the erosivity of the local soils indicated by erosion in 

nearby river systems and eroded river banks immediately below the road bridge, as well as 
exacerbation by cattle tracks.  

  

Plate 1: Upstream view illustrating low water 
and established grass cover on the river banks.   

Plate 2: Downstream view illustrating stagnant 
pools of water with low water clarity due to the 
present of algae. 
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4.2.2 Site Mag_2C (Poonaspruit) 

Surrounding features: 
 The Magdalena Colliery is located 6.8 km south-west of the site.   

 The Poonaspruit River drains the open cast mining area and underground workings of the 
Magdalena Colliery and extensive rural development to the north via two prominent donga 
systems.   

 The surrounding area is characterised by extensive, undeveloped yet disturbed low lying grassland, 
livestock grazing land, fallow and active farmland used for maize cultivation and sparse rural and 
peri-urban development.  

 The site straddles a tarred access route between the areas of Path Farm and Flint. The footings 
of the bridge are founded on exposed bed rock spanning the river bed. 

 A significant wetland system is located 3.5 km downstream at the confluence with the Buffels 
River. 

Riparian characteristics: 
 The river channel is characterised by significant sedimentary rock outcrops. 

 The active river channel was widest (~10 m) immediately upstream of the bridge. Further 
upstream and downstream of the bridge, the channel narrowed to approximately 5 m. 

 The steep southern bank exhibited large areas of eroded sandy soils, however substantially eroded 
areas of over 1 m deep were also present on the gentle sloping northern bank. 

 Riparian vegetation was dominated by grassland species with sparse woody forms.  

 Portions of the both banks had been stabilised by means of gabion baskets to reduce ongoing 
erosion from road run-off and cattle tracks. 

Flow characteristics: 
 Water flow was absent.  

Water quality: 
 Algal growth was noted in standing pools of water. 

 No in situ water quality measures were recorded for this site. 

Erosion potential: 
 The potential for erosion was high given the erosivity of the local soils, exposure and deposition 

of large volumes of sediment in this system, damage caused by livestock and storm water 
discharge points. 

 

  

Plate 4: Upstream view illustrating standing pools 
of water in the absence of water flow. 

Plate 5: Downstream view showing filamentous 
algae in stagnant pools of water. 
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Plate 6: Erosion and subsistence of the road 
caused by the 2018 summer floods, are still 
evident 

Plate 7: Solid waste present in the river channel 
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4.2.3 Site Mag_3A (Bloubankspruit) 

Site Mag_3A was only used to measure water quality in the summer survey but flowing water 

was present during the winter survey, as well as the required habitat to allow the undertaking 

of an aquatic invertebrate survey using the SASS5 protocol.  

Surrounding features: 
 The Magdalena Colliery is located 2.5 km south-west of the site.   

 The Bloubankspruit River drains the central portions the Magdalena Colliery, including several 
wastewater holding dams as well as the discard dump to the south, via three major donga systems.  

 The surrounding area is characterised by extensive, undeveloped yet disturbed low lying grassland, 
livestock grazing land, fallow and active farmland used for maize cultivation and sparse rural and 
peri-urban development.  

 The site is located at confluence of 3 donga systems downstream of the bridge of a tarred access 
route from Dundee to Path Farm. 

Riparian characteristics: 
 The river channel is characterised by significant sedimentary rock outcrops.  

 The river channel is transverse by a footpath that is being used on a regular basis by the 
surrounding communities. 

 The active river channel was widest (~5 m) immediately downstream of the bridge. Further from 
the sampling point the channel narrowed to approximately 3 m. 

 Both banks exhibited large areas of eroded sandy soils most likely cause by overgrazing and 
trampling by livestock. 

 Riparian vegetation was dominated by grassland species and almost devoid of all woody forms.  

Flow characteristics: 
 Water flow was slow with a depth of approximately 10cm. 

Water quality: 
 
 Water clarity was very good, probably due to very low water levels. 

 In situ water quality measures for EC and TDS exceeded the acceptable limits and were of concern. 

Erosion potential: 
 The potential for erosion was high given the erosivity of the local soils, erosion in nearby river 

systems, disturbed riparian zone and exposure of sandy soils at the site. 

  

Plate 9: Upstream view of site indication very low 
water level in the river channel 

Plate 10: Downstream view of the river channel 
indicating stones and boulders of various sizes 
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Plate 11: Footpath transecting the river Plate 12: Solid waste present in the river channel 
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4.2.4 Site Mag_3B (Bloubankspruit) 

Surrounding features: 
 The Magdalena Colliery is located 6.9 km south-west of the site.   

 The Bloubankspruit River drains the central portions the Magdalena Colliery, including several 
wastewater holding dams as well as the discard dump to the south, via three major donga systems.  

 The surrounding area is characterised by extensive, undeveloped yet disturbed low lying grassland, 
livestock grazing land, fallow and active farmland used for maize cultivation and sparse rural and 
peri-urban development.  

 The site straddles a tarred access route from the area of Flint to the R33 in the east. The footings 
of the bridge are founded on exposed bed rock platform. 

 A significant wetland system is located 3.52 km downstream at the confluence with the Buffels 
River. 

Riparian characteristics: 
 The river channel is characterised by significant sedimentary rock outcrops.  

 The active river channel was widest (~10 m) immediately upstream of the bridge. Further upstream 
and downstream of the bridge, the channel narrowed to approximately 5 m. 

 Both banks exhibited large areas of eroded sandy soils, and large areas/beach of sediment 
deposition downstream of the bridge. 

 Riparian vegetation was dominated by grassland species and almost devoid of all woody forms.  

Flow characteristics: 
 Water flow was absent. 

 Shallow stagnant pools of water were present upstream as well as downstream of the bridge. 

Water quality: 
 No in situ water quality measures were recorded for this site. 

Erosion potential: 
 The potential for erosion was high given the erosivity of the local soils, erosion in nearby river 

systems, disturbed riparian zone and exposure of sandy soils at the site. 

  

Plate 9: Upstream view of site above the road 
bridge. No water flow present 

Plate 10: Downstream view from the road bridge. 
Stagnant pools of water within the active river 
channel 



 Buffalo Coal (Pty) Ltd Winter Aquatic Assessment Magdalena Colliery 

17-0391 13 November 2018 Page 28 

  

Plate 11: Erosion on the left river bank 
downstream  below the bridge 

Plate 12: Erosion on the right river bank upstream 
above the bridge 

 

4.3 Water Quality 

The in situ water quality measurements collected during the aquatic baseline biomonitoring 

investigation are presented in Table 4-2. 

 

Table 4-2: In situ water quality measurements for the Magdalena Colliery 

 

Parameter pH Temp (oC) TDS (mg/l ) EC(mS/m) 
DO 

(mg/l) 
DO Sat 

DWAF Aquatic 
Ecosystem TWQG 

Not to 
vary by 

more than 
0.5 pH 

units or by 
more than 
5% from 
normal 
range. 

Not to vary 
by more 
than 2°C 
or 10% 
from 

normal 
background 

temp for 
time of day 
and season 

Not to vary 
by more 
than 15% 

from 
normal 

cycles of 
the water 

body 
under un-
impacted 
conditions 

at any 
time of the 

year 

Not to 
change 
by more 
than 15% 

from 
normal 

5 
mg/l 

80 – 
120 % 
Sat. 

DWAF Domestic Use 
TWQG 

6 - 9 - 450 70 - - 

August 2018 

AS_REF - - - - - - 

Mag_2C - - - - - - 

Mag_3A 7.5 17.0 1460 295 6.7 95 

Mag_3B - - - - - - 

January 2018 

AS_REF 7.0 20.6 150 31 8.2 91 

Mag_2C 8.4 32.8 120 22 4.5 63 

Mag_3A 7.6 31.4 690 141 4.2 54 

Mag_3B 8.0 33.7 630 127 4.1 60 
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4.3.1 pH 

 Most fresh waters are usually more or less neutral, with a pH ranging from 6.5 to 8.5 

(Davies and Day, 1998). 

 The pH value recorded for Mag_3A was almost neutral, and within the SAWQG 

guidelines for freshwater ecosystems (DWAF, 1996).    

 Historical data indicated that pH values at site Mag_3A (See Appendix 3) may exceed 

the SAWQG.  

 However, in the current study, pH was not considered to be a limiting factor to aquatic 

biota.   

 

4.3.2 Temperature 

 Temperature varies with the seasons and the life cycles of many aquatic macro-

invertebrates are cued to temperature (DWAF, 2005). 

 The temperature measured at site Mag_3A was considered to be within the normal 

limits for the study area, season and the time of day when sampling took place. 

 Temperature was not considered to be a limiting factor to aquatic biota.   

 

4.3.3 Total Dissolved Solids & Electrical Conductivity 

 Most of the macroinvertebrates taxa that occur in streams and rivers are sensitive to 

salinity, with toxic effects likely to occur in sensitive species at salinities > 1000 mg/ℓ 

(DWAF 1996). According to the SAWQG for Aquatic Ecosystems (DWAF 1996), TDS 

concentrations in South African inland waters should not vary by more 15%. In the 

context of the surrounding geological formations, water in contact with palaeozoic 

and mesozoic sedimentary rock formations (sediments of the Karoo Supergroup) is 

generally in the range of 195 - 1100 mg TDS/l (DWAF, 1996). 

 TDS and EC levels at site Mag_3A was exceeding the limits set for domestic use 

(>450 mg/l, >70 mS/m) (DWAF, 1996). TDS and EC levels at this site were 1460 mg/l 

and 295 mS/m, respectively. These measurements are more than double than what 

was recorded during the summer survey.  

 Historical data (Appendix 3) indicated that EC and TDS are exceptionally high at and 

above Mag_3A, where average values exceeded 1000 mg/l TDS and 130 mS/m EC, 

respectively.  

 Site Mag_3A is located below three major donga systems, which drain the Magdalena 

Coal Mine area. The two northern tributaries also drain significant areas of low density 

rural settlement and some more formalised development. The Magdalena mine dump, 

covering approximately 16 ha, is located at the head of the southern-most tributary, 

and it likely to be a major contributing source of elevated TDS and EC levels. 

 These data suggest that the mining operations at Magdalena are contributing to 

increased loads of solids and salts which will impact negatively on the aquatic ecology 

of the Bloubankspruit tributaries of and Bloubankspruit itself.   
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 TDS and EC levels were cause for concern and were considered to be a major limiting 

factor to aquatic biota.   

 

4.3.4 Dissolved Oxygen  

 The level of dissolved oxygen at site Mag_3A was considered satisfactory to support 

aquatic invertebrate communities. 

 Measurements were above the median guideline for DO according to Kempster et al. 

(1980), and the oxygen saturation levels within the TWQR for aquatic ecosystems 

(DWAF, 1996b). 

 DO levels were not considered to be a limiting factor to aquatic biota. 

 

4.4 Habitat Characterisation 

4.4.1 Index of Habitat Integrity 

The Index of Habitat Integrity (IHI) differs from the IHAS in that it provides an assessment of 

the perceived impacts and modifications to the stretch of river under investigation. This index 

considers impacts to the riparian zone as well as the instream aquatic habitat. The results of 

the IHI assessment for the winter survey are provided in Table 4-3.  

 

The results indicated that site Mag_3A is in a moderately modified condition (Class C), having 

suffered loss and change of natural habitat. Community composition is lower but basic 

ecosystem functions are still predominantly unchanged. In terms of instream modifications, 

the water quality (high TDS and EC), flow and bed modifications as well as solid waste disposal 

were the most important features of this site. Poor water quality is aggravated by low rainfall 

levels, which leads to minimal input to the rivers and therefore a concentration of pollutants 

can take place. Elevated sulphate (SO4) levels have been recorded at Mag_3A (Magdalena 

surface water quality monitoring programme). Flow modifications were represented by the 

upstream road bridge, which consists of culverts that may limit water flow at times of flooding. 

A lot of sediment were present in the active river channel which could be attributed to the 

floods during the preceding summer period. Solid waste was most prevalent at this site, since 

local residents use the established foot path daily to commute between homes and the tarred 

road upstream.  

 

The riparian areas of the Site Mag_3A was severely modified by bank erosion. This was 

attributed to the high erosive nature of the local soils, and disturbance to the riparian zones 

(e.g. cattle, informal roads, and removal of vegetation).  

 

Table 4-3: IHI results for the winter survey 

  Weight Mag_3A 

Instream Criteria     

Water abstraction 14 0 
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Inundation 10 0 

Water quality 14 20 

Flow modifications 13 10 

Bed modifications 13 15 

Channel modifications 13 0 

Presence of exotic macrophytes 9 0 

Presence of exotic fauna 8 0 

Solid waste disposal 6 10 

Total (100) 100 26.6 

 

Instream Habitat 
Integrity (%) 

73 

 

Instream Habitat 
Integrity Class 

C 

Riparian Zone Criteria     

Water abstraction 13 0 

Inundation 11 0 

Water quality 13 20 

Flow modifications 12 10 

Channel modifications 12 0 

Removal of indigenous vegetation 13 20 

Exotic vegetation encroachment 12 0 

Bank erosion 14 23 

Total (100) 100 38.5 

 

Riparian Habitat 
Integrity (%) 

62 

 

Riparian Habitat 
Integrity Class 

C 

 Total Integrity Score 67 

 Total Integrity Class C 

 

 

4.4.2 Invertebrate Habitat Assessment 

The integrity of the instream and riparian habitat has a direct influence on the integrity of 

the aquatic macro-invertebrate community. Evaluating the structure and functioning of an 

aquatic ecosystem must therefore take into account the integrity of the physical habitat of 

the system. The results of the IHAS assessment conducted at site Mag_3A are provided in 

Table 4-4. 

 

The results from the IHAS indicated that site Mag_3a was ‘inadequate’, in terms of the 

diversity and quality of the available habitat, to support a diverse aquatic invertebrate 

community. This was in part due to the absence of marginal vegetation (VEG). The stones in 

current (SIC) biotope scored the highest and stones and cobbles of various sizes (2cm-20cm), 

including bedrock, were present. The sediment biotope (GSM) was present but yielded poor 

numbers of aquatic invertebrate taxa. 
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Overall, the IHAS results indicated that diminished habitat integrity was likely a limiting factor 

for the invertebrate community inhabiting the Bloubankspruit River.    

 

Table 4-4: IHAS results for winter survey 

   

IHAS Biotopes Assessed   Mag_3A 

Stones In Current (SIC)     13 

Vegetation (VEG)   0 

Gravel, Sand & Mud (GSM)   12 

Physical Stream Conditions   23 

Biotope Score (%)   13 

Total Habitat Score   45 

Total IHAS   48 

IHAS Class   Inadequate 

 

 
4.5 Aquatic Invertebrates 

The SASS5 and ASPT scores derived from the invertebrate data are illustrated in Figure 4-2 

and Table 4-5. Species that were not observed during the assessment have been omitted from 

this table. 

 

The invertebrate communities sampled at Sites Mag_3A represented a seriously impaired 

ecological state (Category E/F) for the Bloubankspruit River, supporting only 11 taxa, with 

generally low pollution sensitivity scores (max = 8). With the absence of the VEG biotope, 

organisms associated with this biotope were largely absent which contributed to the score. 

Overall, faunal diversity was low for the SIC and GSM biotopes and abundance was very low, 

with not more than 10 individuals collected for any one taxon. The SASS5 results indicated 

that this aquatic system is in a seriously modified state, due to an extensive loss of natural 

habitat and poor water quality, which has resulted in the extensive breakdown of basic 

ecosystem functions and loss of aquatic biota.  



 Buffalo Coal (Pty) Ltd Winter Aquatic Assessment Magdalena Colliery 

17-0391 13 November 2018 Page 33 

 

Figure 4-2: SASS5 results relative to prescribed ecological state categories for 

the North Eastern Uplands (lower) eco-region 
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Table 4-5: SASS5 results for the winter survey 
 

Taxon Sensitivity Mag_3A 

EPHEMEROPTERA (Mayflies)     

Baetidae 1sp 4 x 

ODONATA (Dragonflies & Damselflies)     

Aeshnidae (Hawkers and Emperors) 8 x 

Gomphidae (Clubtails) 6 x 

HEMIPTERA (Bugs)     

Gerridae* (Pond skaters/Water striders) 5 x 

Naucoridae* (Creeping water bugs) 7 x 

TRICHOPTERA (Caddisflies)     

Hydropsychidae 1 sp  4 x 

COLEOPTERA (Beetles)     

Dytiscidae/Noteridae* (Diving beetles) 5 x 

Hydrophilidae* (Water scavenger beetles) 5 x 

DIPTERA (Flies)     

Culicidae* (Mosquitoes) 1 x 

Muscidae (House flies, Stable flies) 1 x 

Simuliidae (Blackflies) 5 x 

SASS 51 

Number of Taxa 11 

ASPT 4.6 

Class E/F 

 * = Airbreathers 

 

 
5 CONCLUSION AND RECOMMENDATIONS 

This report presents the results obtained during the 2018 Winter aquatic assessment of various 

water courses in the vicinity of the Magdalena Colliery, Buffalo Coal. The assessment included 

in situ assessments of water quality, invertebrate habitat availability, aquatic invertebrate 

communities and anthropogenic impacts to the instream and riparian environments. 

 

The results for site Mag_3A indicated that the Bloubankspruit River has been seriously 

modified. A significant degradation of the basic ecosystem functions was detected, which was 

attributed to water quality impacts to the species composition of the community together 

with the deficiency in habitat diversity. High values of TDS and EC were measured at this site, 

which has preclude the occurrence of pollution sensitive aquatic species. The instream habitat 

was observed to be impacted by poor water quality, increase in sediment leading to a change 

in habitat availability as well as the present of solid waste was observed. The riparian areas 

of the Site Mag_3A was severely modified by bank erosion and there was an absence of 

vegetation. 
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It can be concluded that the Bloubankspruit River is potentially impacted by the mining 

operations of Magdalena through water quality impacts, considering that this monitoring point 

is downstream from the pollution control dams, the discard dump and the coal washing plant 

and the slurry dam, as well as run off from concentrated recycled irrigation water stored to 

the south of the mine. The impacts of elevated TDS levels is more acute and deleterious in 

small streams and water bodies, where the flow rate is low (Dallas and Day, 2004). These 

conditions are typical of the donga systems and ephemeral streams that receive limited runoff 

for a short period of the year, emerging as low flow with little flushing capacity (unless during 

flood conditions) and leading to the development of stagnant pools where TDS levels may 

become particularly concentrated (Dallas and Day, 2004). 

 

While the impacts, if any, of mining activities were not clearly discernible in terms of the 

invertebrate communities, it must be borne in mind that cumulative anthropogenic impacts 

(e.g. urban development impacts, land transformation, agricultural practices and mining 

impacts) generally lower the resilience of ecosystems to disturbance, which would thus 

recover more slowly or to an increasingly altered state after major environmental (e.g. flood) 

or human induced (e.g. spills, leakages) events.  

 

It must be noted that there are numerous ephemeral drainage lines in the study area that 

persist as prominent donga systems and are generally only wet following prolonged seasonal 

rainfall or extreme rainfall events. The absence of water flow will be the norm during the 

winter season and may even persist during the summer season if not enough rain fall takes 

place. The interpretation of biomonitoring results of ephemeral riverine systems must 

therefore be done with caution, because the SASS5 method has not been adequately tested in 

ephemeral systems, where there are extensive dry periods that interrupt the establishment 

of a diverse aquatic invertebrate community and therefore interferes with the indicative 

power of SASS to adequately reflect anthropogenic impacts. 

 

5.1 Biomonitoring Recommendations 

In respect to establishing a biomonitoring programme based on the SASS5 protocol it is 

recommended that:  

 Sites Mag_ 3B and Mag_2C are removed from the biomonitoring plan due to these sites 

being in ephemeral river systems with irregular presence of flowing water which limits 

the establishment of aquatic invertebrate communities and therefore produces results 

with a lower confidence. 

 Biannual sampling is undertaken in the Mzinyashana River at the reference site, one 

site in the perennial lower reaches of the Bloubankspruit River (Site Mag_3A), and two 

new sites that includes one upstream and one downstream of the Bloubankspruit River 

confluence in the perennial Buffels River. These two sites would need to be tested in 

future biomonitoring surveys. 
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 These data must be investigated in light of water quality monitoring data obtained in 

close proximity to the coal mine, including the donga systems. Water quality 

monitoring must continue to include chemical and potentially nutrient analyses. 
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APPENDIX 1: THE RIVER HEALTH PROGRAMME 

 

The River Eco-status Monitoring Programme (REMP) evolved from the River Health Programme 

(RHP) created by the then Department of Water Affairs and Forestry (DWAF) in 1994. The REMP 

replaced the RHP in 2016 and is a component of the National Aquatic Ecosystem Health 

Monitoring Programme (NAEHMP).  The main purpose of the programme is to serve as a source 

of information regarding the ecological status of river ecosystems in South Africa. The REMP 

focuses primarily on the monitoring in-stream and riparian biological communities (e.g. 

invertebrates, fish, vegetation) as indicators of river health, based on the principle that 

aquatic organisms are adapted to live under certain environmental conditions and also have 

varying tolerances to environmental disturbance, such as pollution.  

 

In essence, the integrity or health of the biota inhabiting river habitats provides a direct and 

integrated measure of the overall health of the river.  

 

Aquatic Invertebrates 

Aquatic invertebrates (including crabs, shrimps, snails, worms, and insects such as dragonfly 

larvae, etc.) require specific habitats and aquatic conditions for at least part of their life 

cycle. Changes in the biological community composition and abundance occur in response to 

changes in environmental conditions.  These changes may be induced through environmental 

degradation, such as deteriorating water quality, flow modifications and changes in habitat. 

For this reason, and the fact that they are ubiquitous, relatively long-lived, generally reside 

in one area during their aquatic phase, and are easy to sample, invertebrates are good 

indicators of localised conditions and thus river health. Furthermore, the heterogeneity of the 

community allows for several phyla to be represented, and therefore responses to 

environmental impacts are detectable in terms of the community as a whole (Hellawell, 1977). 

The SASS5 protocol (Chutter, 1994; Dickens & Graham, 2002) is used to evaluate the integrity 

of aquatic invertebrate communities living in different habitats, or biotypes within streams or 

rivers. It is not suitable for assessment of impoundments, isolated pools, wetlands or pans 

(Dickens & Graham, 2002). It is a rapid, qualitative, and cost-effective field-based method 

that requires identification of invertebrates mostly to family level and the calculation of a 

simple score based on the pollution sensitivity ratings of the respective taxa present (Dickens 

& Graham, 2002). The score is an indication of changes in both water quality and habitat 

integrity, which thus provides insight into the overall ecological integrity of the particular 

section of river. 
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River Habitats 
 
Aquatic invertebrate communities are governed by water quality and the availability and 

diversity of river habitats, such as sandbanks, submerged and fringing vegetation, pools, and 

rocky substrate, which determine the overall composition (the presence or absence) of 

particular species. Therefore, assessment of habitat quality is a critical component of river 

ecological assessments, and for the accurate interpretation of biological data. 

 

The Integrated Habitat Assessment System (IHAS) version 2, originally developed by McMillan 

(1998), is used in conjunction with the SASS5 protocol to evaluate the suitability of instream 

habitat for inhabitation by aquatic invertebrates (McMillan, 1998; Dallas, 2005). The IHAS 

assesses the quality and quantity of three major biotopes (namely, Vegetation, Stones, and 

Gravel, Sand, and Mud (GSM)) and this is expressed as a percentage score per stretch of river.   

The Index of Habitat Integrity (IHI) provides a measure of the degree to which a river has been 

modified from its natural state. The methodology (DWAF, 1999) involves a qualitative 

assessment of the number and severity of anthropogenic perturbations on a stretch of river, 

both within the instream and riparian zones, and the damage they potentially inflict upon the 

system. These disturbances include both abiotic and biotic factors, which are regarded as the 

primary causes of degradation of a river.   
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APPENDIX 2: General information of the North Eastern Uplands ecoregion 

 
Table 6-1: General Information of the North Eastern Uplands Ecoregion 
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APPENDIX 3: Surface Water Quality Results for Magdalena Colliery 

 
 Site MS 1, MS 2 and CROSS converge before site MS3 which corresponds with site 

Mag_3A in the current study 

 Site MS 5 corresponds with site Mag_2C in the current study 

 
      pH EC  TDS Temp 

 Site Data set      (mS/m)  (mg/l) (°C) 

LABORATORY RESULTS           

MS1 2005-2017 ave 7.8 196.8 1635.7   

  
 

SD 0.6 69.2 681.8   

  
 

max 8.4 321.0 2856.4   

    min 6.7 106.0 723.0   

MS 2 2003-2017 ave 7.5 141.7 1083.1   

  
 

SD 0.5 130.6 1124.9   

  
 

max 8.4 387.0 3379.8   

    min 6.7 17.5 127.0   

CROSS 2007-2017 ave 8.3 246.6 2302.3   

(dam) 
 

SD 0.7 161.7 1724.4   

  
 

max 9.7 705.0 7558.4   

    min 7.0 46.3 279.0   

MS 3 2003-2017 ave 7.9 132.2 1010.7   

  
 

SD 0.9 101.4 994.1   

  
 

max 9.1 390.0 3802.0   

    min 3.5 27.9 167.0   

MS 5 2005-2010 ave 7.9 72.2 438.8   

  
 

SD 0.4 51.7 314.8   

  
 

max 8.4 126.0 770.0   

    min 7.6 12.4 74.0   

FIELD DATA (4th QT 2018)           

MS 1 
 

  7.9 248 1230 24.2 

MS 2 
 

       no water 

MS 3 
 

  7.9 257 1270 26.4 

CROSS 
 

  7.5 248 1230 23.9 

MS 5          no water 

 


	Buffalo Coal. A10853.DFO Cycle 12. Nov-Dec.2017.RF
	LIST OF DEFINITIONS AND ABBREVIATIONS
	1. DISCUSSION
	(4)  An implementation progress report must be submitted to the air quality officer at agreed time intervals.
	2. PURPOSE
	3. PLACEMENT OF UNITS
	4.  METEOROLOGICAL RESULTS
	4.1  The figure below provides a graphical representation of the meteorological conditions over
	the sampling period:
	5. STANDARD LIMITS APPLIED
	2
	 1
	Dustfall rate, D (mg·m-2·day-1, 30-d average)
	Level
	2
	1
	Dustfall rate, D (mg·m-2·day-1, 30-d average)
	Band description label
	Band number
	ASTM Equivalent (mg/m2/day)
	South African Classification (mg/m2/day)
	6. LIMITATIONS
	7. DISCLAIMER
	TECHNICAL DATA
	8.  TESTING COMPANY NAME, ADDRESS AND CONTACT PERSON
	9.  QUALITY ASSURANCE
	10. DESCRIPTION OF MEASURING PROCEDURE
	11. CERTIFICATION STATEMENT
	12. REPRODUCTION OF REPORTS
	APPENDIX A: LABORATORY RESULTS - DECEMBER
	APPENDIX B: IMAGES OF FILTERS
	(JANUARY 2017 – DECEMBER 2017)
	HISTORICAL DATA – DUST FALLLOUT MONITORING RESULTS (Continued…)




