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GCS (Pty) Ltd was contracted by Universal Coal Development I (Pty) Ltd (“Universal Coal”) to 

conduct a geohydrological study and report on findings as specialist input to the 

Environmental Impact Assessment (EIA) and Environmental Management Program (EMP) for 

the planned expansion of their Kangala Colliery’s opencast mining activities. Universal Coal 

intends to expand the existing Kangala Colliery with the addition of a new opencast mine, 

namely the adjacent Eloff Block. A locality map is provided in Figure 1-1 indicating the 

proposed new opencast pit as well as the mining rights areas (MRAs) of both Eloff and the 

Kangala Colliery. 

The existing infrastructure at the Kangala Colliery will be utilised and no additional mining 

and/or related surface infrastructure will be constructed for the proposed Eloff Block. 

The scope of work can be summarised as follows: 

 Update of the existing baseline studies and fieldwork; 

 Desktop assessment for greater Eloff and Kangala Colliery mining rights areas; 

 Geochemical assessment; 

 Conceptual model; 

 Numerical modelling: The deliverables from the modelling phase of the project 

include a calibrated groundwater flow and contaminant transport model. The results 

of the modelling will provide: 

o the extent of potential dewatering; 

o groundwater inflows and decant volumes; 

o potential contaminant plumes that may originate from the mining area; 

o the potential impact on surrounding groundwater users; 

 Potential impacts will be classified according to standard risk assessment 

methodology and the most significant impacts will be discussed in detail and 

mitigation measures provided for each impact; 

 A monitoring programme will be designed in order to monitor the potential impacts. 

The main aim or objective of this study was therefore to determine the impact of the 

proposed new opencast mining activities on both the groundwater quality (contamination 

migration) and quantity (depression cone). 

A vertical cross section through the proposed opencast pit from west to east is provided in 

Figure 5-9. Based on our assessment of all groundwater related aspects and previous 

groundwater studies, we conceptualize the hydrogeological system underlying the proposed 

new mining activities as follows: 

 The project area falls within the summer rainfall region of South Africa and receives 

on average ±669 mm of rainfall per year. 
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 The surface topography can be described as being undulating with a vertical 

difference of nearly 160 meters between the lowest and highest surface elevations. 

 The non-perennial Dwars-in-die-wegvlei and tributaries of the Bronkhorstspruit cut 

through the western and eastern sections respectively of the Eloff MRA, while the 

same Bronkhorstspruit tributaries also cut through the Kangala Colliery MRA.  

 The project area is underlain by sedimentary rocks (mainly shale, sandstone and coal) 

of the Karoo Supergroup’s Vryheid Formation (Ecca Group), alluvium, as well as 

localized dolerite intrusions. 

 The dolerite intrusions have a significant effect on the hydrogeology of the area. 

According to Vivier (1996) the two main advantages of intrusions are that they are 

easily located using geophysics and that they are usually surrounded by fracture 

zones. The disadvantages listed by Vivier (1996) are that due to the impermeable 

nature of the intrusion the aquifer is divided into compartments where little or no 

inter-compartmental flow can occur, and also the intrusion will act as a no-flow 

boundary resulting in drawdown and recovery rates of boreholes nearby being larger 

than desired for a production borehole. 

 Three aquifer systems are present, namely a shallow aquifer composed of soil and 

weathered bedrock, a deeper fractured rock aquifer hosted within the 

solid/unweathered Karoo Supergroup bedrock and a dolomitic aquifer associated with 

the underlying Transvaal Supergroup rocks (Malmani Subgroup). 

 At this point in time there remains an uncertainty as to the degree of interaction 

between the dolomitic aquifer and the overlying Karoo Supergroup aquifer/s (Ecca 

Group), however the general believe is that the low hydraulic properties of the Dwyka 

Group rocks (mainly tillite and diamictite) that separate the dolomite from the 

overlying mining activities greatly restrict interaction (if any). 

 The saturated hydraulic conductivity of the fractured rock aquifer (Ecca Group) was 

found to vary between 1x10-1 and 1x10-3 m/day, while a hydraulic conductivity of 

between 10 and 100 m/day is considered representative of the dolomitic aquifer 

(Malmani Subgroup). 

 The shallow weathered zone aquifer receives on average approximately 3% recharge 

from rainfall, while the fractured Karoo Supergroup aquifer/s receives between 1 and 

3%. Where dolomite outcrop occurs, recharge is expected to vary between 2 and 6% 

of the mean annual rainfall. 

 Natural groundwater flow in the project area is towards the west/north-west and 

north-east at an average velocity/flux of approximately 3.5 m/y. 

 Groundwater levels generally vary between ±2.4 and 58 mbs with the average being 

nearly 14 mbs. 
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 Water levels in excess of ±14 meters deep are considered to be affected by 

groundwater abstraction for domestic/other purposes, however impacts are largely 

restricted due to the generally low hydraulic properties of the aquifer host rock. 

 Groundwater is considered to be of good quality according to the South African 

National Standards (SANS 241:2015) for drinking water. 

 The planned opencast pit and subsequent waste rock stockpiles could be potential 

sources of poor quality leachate. The detailed waste classification that was done by 

Digby Wells in 2017 (Section 5.5) revealed that the targeted coal (Seam 3) and waste 

rock material that would typically be generated by the proposed new mining 

activities should however only produce small amounts of acid when exposed to oxygen 

and water. 

 The saturated weathered zone and geological structures (dykes and faults) within the 

project area were identified as possible pathways along which groundwater and 

potential contamination may migrate at accelerated rates. 

 Numerous groundwater user boreholes were located during the hydrocensus/user 

surveys, five of which are located within a one kilometre radius of the proposed new 

opencast pit. Four of these boreholes are located in the pit and/or waste rock 

stockpile footprint areas and will be demolished during the life of mine (EF, EBA03, 

EBA30/KGA39 and KGA40) - note that only boreholes EBA30/KGA39 and KGA40 were 

in use at the time of the surveys. Borehole KGA41 is situated in the up gradient 

groundwater flow direction. 

 No major or perennial rivers/streams are located within close proximity of the 

proposed new mining activities that may potentially act as receptors of 

contamination. 

 The planned opencast pit is expected to intersect the groundwater table, at which 

point groundwater is expected to migrate towards and eventually flow into it.  The 

rate of groundwater influx is determined by the hydraulic properties of the aquifer 

host rock as well as the groundwater hydraulic gradient (i.e. increase in mining depth 

will result in an increase in gradients and groundwater influx). 

The main aim or objective of the flow model was to simulate/predict the groundwater level 

impacts resulting from the planned opencast mining, i.e. simulation of groundwater 

depression cone. A summary of the model simulated water level impacts at mine closure is 

provided below: 

 An area of approximately 9 km2 was simulated to be affected by the pit dewatering 

activities, i.e. area simulated to experience decreases in groundwater levels during 

the life of mine (Figure 7-2). 
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 Eight boreholes are located within this model simulated affected area and their 

positions are also indicated in the abovementioned figure. Four of these boreholes 

(EBA03, EF, KGA40 and KGA41) are user boreholes that were located during the 

hydrocensus/user surveys, while the remaining four (KAM04, KAM05, KAM07 and 

KGA39) are dedicated monitoring boreholes for the Kangala Colliery. Boreholes EF, 

EBA03, EBA30/KGA39 and KGA40 are located within the proposed pit and stockpile 

footprint areas and will be demolished at some point during the life of mine - note 

that only boreholes EBA30/KGA39 and KGA40 were in use at the time of the surveys. 

 The groundwater flow model was also used to simulate/predict the volume of 

groundwater mine inflow during the life of mine (Table 7-2). Simulated groundwater 

inflow varies between ±80 m3/d (0.9 l/s) and 280 m3/d (3.2 l/s) over the life of mine. 

The main aim or objective of the mass transport model was to simulate/predict the 

groundwater quality related impacts resulting from the planned opencast mining activities, 

i.e. simulation of contaminant/plume migration.  A summary of the model simulated water 

quality impacts at mine closure is provided below: 

 Impacts on groundwater quality during the operational phase of mining are expected 

to be relatively low, mainly due to the opencast pit acting as a sink for both 

groundwater and contamination and the short life of mine. The generally low 

hydraulic properties of the aquifer host rock underlying the MRAs combined with low 

groundwater hydraulic gradients are expected to limit impacts even further.  

 An area (including entire footprint areas) of nearly 3.5 km2 was simulated to be 

affected by the contamination. 

Following the mine closure simulation, the mass transport model was run for an additional 

50 years to simulate/predict the post closure migration of residual contamination.  A 

summary of the post closure mass transport model simulations is provided below: 

 Although the waste rock stockpiles were removed from the model simulations, 

residual contamination from these historical source areas was simulated to continue 

to migrate towards the rehabilitated pit even after 25 years. 

 Groundwater levels were simulated to have largely recovered from the impacts of pit 

dewatering at 50 years post closure, resulting in the pit no longer acting as a sink. 

Contamination was consequently simulated to follow pre-mining flow 

directions/patterns, which because of a local groundwater divide are towards both 

the north-east and north-west. 
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 Contamination was simulated to have migrated an average distance of approximately 

300 meters, which calculates to an average seepage velocity of 6 meters per year. 

This is somewhat higher than the 3.5 m/y calculated for the conceptual model and is 

believed to be the result of increased aquifer recharge and the consequent increase 

in groundwater gradients. 

 Plume concentrations (TDS) were simulated to increase over time, i.e. ±850% increase 

from mine closure to 25 years post closure and a further ±120% increase over the next 

25 years to reach ±1 300 mg/l. 

 At 50 years post closure no user boreholes were simulated to be affected by the 

contamination. 

The expected time it will take the proposed pit to fill with water after mine closure was 

calculated with the use of volume/recharge calculations and the results are provided in Table 

7-4. The most probable decant position is also indicated on Figure 7-6. 

Post closure decanting of the rehabilitated pit is expected to occur at a surface elevation of 

1 589 meters above mean sea level (mamsl) and at a predicted rate of approximately 119 728 

m3/y, or 3.8 l/s. The preferred method of dealing with the post closure decant involves 

leaving a void open at the decant position, which will allow evaporation to keep the water 

level below the decant elevation. Based on first order calculations and an evaporation rate 

of ±1 700 mm/a (Water Resources of South Africa, 1990), the size of the void should be in 

the order of 70 430 m2. 

A minimum of three boreholes are recommended around the proposed new opencast pit for 

source monitoring purposes and their positions are indicated in Figure 8-1. More information 

regarding these three boreholes is provided in Table 8-1. Furthermore, groundwater 

monitoring (i.e. sampling and water level measurements) should be conducted at quarterly 

intervals. 

The following recommendations are made: 

 A geophysical survey should be conducted across the MRAs to assess the presence of 

preferential pathways; 

 Aquifer testing should be conducted on the monitoring boreholes to obtain site 

specific aquifer parameters; 

 The numerical flow and contaminant transport model should be updated with the site 

specific aquifer parameters; 
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 Areas exist within Eloff’s mining rights area to which access was still denied by the 

property owners at the time of submission of this report. No information (e.g. 

groundwater level, quality, etc.) is therefore available for these areas, which is 

considered to be a data gap – one that needs to be addressed as soon as practically 

possible; 

 A study should be undertaken to determine the feasibility of a final void to 

control/manage post closure decant of the rehabilitated opencast pit; and 

 The Delmas Coalfield (especially the targeted Bottom Seam) is complex and difficult 

to correlate with the Witbank Coalfield that hosts the Kangala Colliery coal reserves. 

The possibility therefore exists that the geochemistry of coal and waste material from 

the Eloff Block may differ from that of Kangala and a dedicated site specific 

geochemical investigation is consequently recommended. Such an investigation is in 

the process of being conducted by EIMS, however the results were still unavailable at 

the time of submission of this report. 
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1 INTRODUCTION 

GCS (Pty) Ltd was contracted by Universal Coal Development I (Pty) Ltd (“Universal Coal”) to 

conduct a geohydrological study as specialist input to the Environmental Impact Assessment 
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(EIA) and Environmental Management Program (EMP) for the proposed Kangala Colliery 

extension - Eloff Block. Universal Coal intends to expand the existing Kangala Colliery with 

the addition of a new adjacent opencast mine operation, namely the Eloff Block. A locality 

map is provided in Figure 1-1 indicating the mining rights areas (MRAs) of both Eloff and the 

Kangala Colliery, as well as the proposed new opencast pit. 

Universal Coal’s Kangala Colliery is an operational mine that was granted a mining right (Ref. 

No. MP 30//5/1/2/2/429 MR) on the 3rd of May 2012 by the Department of Mineral Resources 

(DMR) Mpumalanga Regional Office in terms of section 23(1) of the Mineral and Petroleum 

Resources Development Act (MPRDA) (Act No. 28 of 2002). The project area is under the 

jurisdiction of the Nkangala District Municipality and falls within ward 1 of the Victor Kanye 

Local Municipality. The Kangala Colliery is located on Portion 1 and the remaining extent of 

Portion 2 of the farm Wolvenfontein 244 IR, which are located within the Magisterial District 

of Delmas. Kangala is situated approximately 6 km south of the town of Delmas and 65 km 

west of Johannesburg. 

Kangala’s mining operation involves the exploitation of thermal coal (No. 2 and No. 4 Seam) 

that is crushed, screened and washed on site producing an export coal and a secondary 

product suitable for the inland power generation market. The existing infrastructure 

comprises of the following: 

 An office; 

 A discard bay; 

 A sewage purification plant; 

 A diesel bay; 

 Steel water tanks; 

 Change houses and ablution facilities; 

 A pollution control dam; 

 Overburden and topsoil stockpiles; 

 Clean water storage dam; 

 Water diversion berms; 

 Weighbridge; 

 Temporary storage of hazardous waste; 

 Water reservoir; 

 Product stockpiles; 

 ROM stockpiles; 

 Electrical substation;  

 Security guard house; and 

 Access and haul roads. 
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The Eloff Block is also situated within the Delmas magisterial District and on portions of the 

farms Stompiesfontein 273IR, Strydpan 243IR and Droogheuwel 242IR, adjacent (west) of the 

Kangala Colliery. The R555 provincial road runs along the north-western boundary of the Eloff 

MRA and the R42 provincial road crosses through the centre of it in a north-east to south-

west direction. A mining right application was submitted on the 9th of February 2017 and the 

application was accepted by the DMR on the 10th of February 2017. The Eloff Block falls within 

the Delmas Coalfield of South Africa and is situated close to Leeuwpan and Stuart Coal that 

are both operational coal mines. The Eloff Mining Company (Pty) Ltd is the applicant for the 

Eloff mining right and is currently owned by Universal Coal, which is an Australian Securities 

Exchange-listed company.  

The mining method for the Eloff Block will be conventional open pit bench mining of the 

Bottom Seam, i.e. BD1 and BD2. The stripping operation will remove the topsoil and subsoil, 

exposing the hard overburden of the next cut. The topsoil and the subsoil that is removed 

will be used for rehabilitation at a later stage. The hard overburden will be drilled, blasted 

and hauled to a designated dumping area. Once the steady state is reached, all waste 

material will be backfilled. 

The existing infrastructure at the Kangala Colliery will be utilised and no additional mining 

and/or related surface infrastructure will be constructed for the proposed Eloff Block. 
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2 PROJECT SCOPE OF WORK 

The scope of work can be summarised as follows: 

 Desktop assessment for the greater Eloff and Kangala Colliery mining rights areas;  

 Update of the existing baseline information; 

 Desktop geochemical review; 

 Update of the conceptual hydrogeological model; 

 Numerical groundwater modelling: The deliverables from the modelling phase of the 

project included a calibrated groundwater flow and contaminant transport model. 

The results of the modelling provided an indication of the following: 

o the extent of potential dewatering; 

o groundwater inflows and decant volumes; 

o potential contaminant plumes that may originate from the mining area; 

o the potential impact on surrounding groundwater users; 

 Potential impacts were classified according to standard risk assessment methodology 

and mitigation measures have been provided for each impact; 

 A monitoring programme has been designed in order to monitor the potential 

impacts. 

The main aim or objective of this study was therefore to determine the potential impact of 

the proposed new opencast mining activities on both the groundwater quality (contamination 

migration) and quantity (depression cone). This data will be used to identify conceptual water 

management measures in order to mitigate potential impacts. 

 

3 METHODOLOGY 

3.1 Desktop Review 

During the desktop review all the public domain information was assessed, as well as any 

other data that was made available by the Client. GCS assessed the existing hydrogeological 

data from previous consultant reports, as well as the available data on the National 

Groundwater Archive (NGA) and databases such as GRDM v4.0 (DWA, 2010) and WRIMS v3.8.2 

(DWAF, 2002). 

The following documents and data were assessed and evaluated: 

 1:50 000 topographical map sheets 2628BA and 2628BC (Chief Directorate); 

 1:250 000 East Rand geological map sheet (Council for Geoscience); 

 NGA data (DWA); 

 Rainfall data (WRIMS); 
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 ASTER GDEM topography data; and 

 Hydrogeological Report – Kangala Coal Mine. Digby Wells and Associates, 2009. 

 Hydrogeological and Desktop Study – Eloff Risk Assessment, Final Report. GCS, 2009. 

 Kangala Coal Mine – Geochemical Report. Digby Wells Environmental, 2015. 

 Eloff Coal Mine Water Monitoring – Annual Report: January to December 2015. GCS, 

2016. 

 Geochemical Assessment Report for Kangala Colliery near Delmas, Mpumalanga 

Province. Head Waters, 2016. 

 Eloff Groundwater Impact Assessment and Environmental Management Program 

Report. GCS, 2017. 

 Middelbult Environmental Impact Assessment – Geochemical and Waste Classification 

Report. Digby Wells Environmental, 2017. 

 Hydrogeological Specialist Report for the Proposed Kangala Middelbult 235 IR 

Expansion Delmas Mpumalanga Addendum. Head Waters, 2018. 

 

3.2 Data Gaps, Assumptions and Limitations 

The conceptual model forms the basis for the numerical groundwater flow and contaminant 

transport models that were used to assess the potential impacts associated with the proposed 

new mining and related activities on both groundwater quality and water levels.  Although 

the geohydrological investigation was entirely a desktop study, we are of opinion that the 

groundwater and related information used in the formation of the conceptual model and 

subsequent construction and calibration of the numerical groundwater models are more than 

sufficient to allow for an acceptable assessment. 

Some data gaps were however encountered during the investigation and a few assumptions 

consequently had to be made: 

 The Bayesian interpolation technique was used to estimate groundwater elevations 

in areas where no water level information is available.  Local over- and/or 

underestimations of the actual water levels are bound to occur as a result of 

groundwater abstraction, artificial aquifer recharge and the highly heterogeneous 

nature of the fractured rock aquifer underlying the project area. 

 No aquifer tests (pumping test) were performed for this investigation and aquifer 

parameters such as transmissivity and storativity were based on the findings of 

previously conducted groundwater and related studies in similar geohydrological 

environments. Aquifer tests should therefore be performed on the proposed 

monitoring boreholes to obtain site specific aquifer parameters. 
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 No form of geochemical testing was performed at the Eloff Block for this 

investigation. Numerous geochemical investigations were however performed for the 

Kangala Colliery and its Middelbult Expansion Project, providing a good understanding 

of the geochemistry of the underlying geology. Nonetheless, the Delmas Coalfield 

(especially the targeted Bottom Seam) is complex and difficult to correlate with the 

Witbank Coalfield that hosts the Kangala Colliery coal reserves. The possibility 

therefore exists that the geochemistry of coal and waste material from the Eloff 

Block may differ from that of Kangala and a dedicated site specific geochemical 

investigation is consequently recommended. 

 No detailed structural geological information was available at the time of submission 

of this report.  Updating of both the numerical flow and contaminant transport model 

simulations are therefore strongly recommended should such information become 

available in the future. 

 Areas exist within Eloff’s mining rights area to which access was still denied by the 

property owners at the time of submission of this report. No information (e.g. 

groundwater level, quality, etc.) is therefore available for these areas, which is 

considered to be a data gap – one that needs to be addressed as soon as practically 

possible. 

 

4 SITE SETTING 

4.1 Climatic Conditions 

The project area falls within the summer rainfall region of South Africa and receives on 

average ±669 mm of rainfall per year (DWA, 2010). Surface water runoff is listed in the GRDM 

as between 5% and 6% of the mean annual precipitation (DWA, 2010). 

 

4.2 Surface Topography and Water Courses 

The surface topography can be described as being undulating with a vertical difference of 

nearly 160 metres between the lowest and highest surface elevations. The highest elevation 

of approximately 1 737 mamsl is found in the central region of the project area, while the 

lowest elevation of 1 578 mamsl is found towards the south-west (Figure 4-1). 

The non-perennial Dwars-in-die-wegvlei and tributaries of the Bronkhorstspruit cut through 

the western and eastern sections respectively of the Eloff MRA, while the same 

Bronkhorstspruit tributaries also cut through the MRA of the Kangala Colliery. Several small 

farm dams are also located within the project area and the immediate surroundings. 
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Figure 4-1: Topography map
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4.3 Geology 

4.3.1 Regional geology 

According to the geology excerpt from the Eloff MWP (Exxaro Coal Central, 2016), the region 

consists of the following pre-Karoo lithologies, i.e. granite basement rocks of Archean age, 

quartzite of the Witwatersrand Supergroup, lava of the Ventersdorp Supergroup, dolomite 

(Malmani Subgroup), chert, quartzite and shale from the Pretoria Group (Transvaal 

Supergroup). These are overlain in places by the Karoo Supergroup which consists of 

diamictite (tillite) of the Dwyka Group followed by sandstone, shale, mudstone and coal of 

the Vryheid Formation (Ecca Group). 

4.3.2 Local geology 

Figure 4-2 shows the local geology of the project area, indicating that the site is underlain 

by lithologies of the Vryheid Formation (Ecca Group), localized dolerite intrusions and 

younger alluvium. The Vryheid Formation consists of beds of soft, dark grey sandy shale, 

which alternates with thick beds of yellow to white cross-bedded sandstone and grit with a 

few coal seams (GSSA, 1989). There are three major coal seams that occur in the project 

area namely the Bottom, Middle and Top seams (Exxaro Coal Central, 2016).  

The 1:250 000 scale geological map indicates Malmani Subgroup dolomite (Transvaal 

Supergroup) to the north-east of the project area. 

A report by Saxum Mining in 2015 titled: “Highwall Profile Definition and Stability Assessment 

for the Eloff Project – June 2015”, noted the following: 

 A stratigraphic cross section drawn indicates geological complexity from north to 

south; 

 The depth to the Bottom coal seam ranges from ~62 m on the northern side to ~96 m 

in the southern side, which is displaced due to a dolerite sill intrusion; 

 The dolerite intrusion influences the resource significantly and has caused a reduction 

in the minable coal; 

 It is suggested that the dolerite intrusion has divided the resource into an eastern 

and western portion. The dolerite on the eastern side occurs below the Dwyka tillite 

and occurs as a flat transgressive sill-like body.  
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Figure 4-2: Geological map 
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5 GEOHYDROLOGY CONCEPTUAL MODEL 

5.1 Hydrocensus Investigation 

The majority of groundwater user information was collected during two individual and 

historical hydrocensus investigations, namely: 

 Digby Wells and Associates – survey was conducted in September 2009 as input to the 

EIA and EMP studies for Kangala Colliery. 

 GCS Water and Environment – survey was conducted in November 2016 as input to 

the EIA and EMP studies for Eloff Colliery. 

More hydrocensus/user surveys were conducted by Head Waters in July 2016 and again in 

April 2017 for the Middelbult 235 IR Expansion Project. These surveys were hampered by 

access restrictions and mainly involved revisiting old hydrocensus localities/boreholes during 

which water levels were measured. 

The Digby Wells & Associates hydrocensus of 2009 was conducted on the farm portions 

directly bordering the mining area. Five farms were visited, namely Middelbult 235IR, 

Strydpan 243 IR, Welgevonden 272 IR, Wolvefontein 244 IR and Witklip 232 IR. A total of 40 

boreholes were located and their positions are indicated in Figure 5-1. Four of these 

boreholes are the property of the DWS and were drilled into the underlying dolomite 

specifically for water level monitoring purposes. More borehole related information is 

provided in Table 5-1.  

A total of 38 boreholes were located during the GCS hydrocensus of 2016 and their positions 

are indicated in Figure 5-1. More information is provided in Table 5-2 regarding borehole 

coordinates, status and measured groundwater levels. 

Information pertaining to water use of the 38 boreholes is listed below: 

 17 boreholes were used for domestic purposes; 2 boreholes were used for stock 

watering; and 2 boreholes were used for irrigation; and 

 1 borehole was not in use. 

Five boreholes could not be located on site during the GCS hydrocensus of 2016, however 

their coordinates are known from previous surveys and are also provided in Table 5-2. 

Boreholes EF, EBA03, EBA30/KGA39 and KGA40 are located within the proposed pit and 

stockpile footprint areas and will be demolished at some point during the life of mine - note 

that only boreholes EBA30/KGA39 and KGA40 were however in use at the time of the surveys.
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Table 5-1: Digby Wells and Associates hydrocensus information of 2009  
 

Borehole ID 
Coordinates 

Site type Use Farm Equipment 
South East 

G37017 -26.2305 28.6488 Borehole DWS dolomite report borehole Strydpan 243 IR None 

G37018 -26.2030 28.6785 Borehole DWS dolomite report borehole Wolvefontein 244 IR None 

G37030 -26.2588 28.6928 Borehole DWS dolomite report borehole Welgevonden 272 IR None 

KGA01 -26.1695 28.6805 Borehole Domestic Witklip 232 IR Submersible pump 

KGA02 -26.1695 28.6837 Borehole None Witklip 232 IR None 

KGA03 -26.1558 28.6811 Borehole Domestic Witklip 232 IR Submersible pump 

KGA04 -26.1564 28.6822 Borehole Domestic and irrigation Witklip 232 IR Submersible pump 

KGA05 -26.1562 28.6822 Borehole Domestic Witklip 232 IR Submersible pump 

KGA06 -26.1580 28.6770 Borehole Domestic Witklip 232 IR Submersible pump 

KGA07 -26.1591 28.6752 Borehole Domestic and irrigation Witklip 232 IR Submersible pump 

KGA08 -26.1573 28.6760 Surface water dam Irrigation Witklip 232 IR None 

KGA09 -26.1565 28.6740 Borehole None Witklip 232 IR None 

KGA10 -26.1683 28.6905 Borehole None (planned for domestic use in futire) Witklip 232 IR None 

KGA11 -26.1666 28.6805 Borehole Domestic Witklip 232 IR Submersible pump 

KGA12 -26.1813 28.6683 Borehole DWS directorate of geohydrology borehole Witklip 232 IR None 

KGA13 -26.1963 28.6807 Surface water dam Livestock Wolvefontein 244 IR None 

KGA14 -26.2024 28.6772 Borehole Domestic Wolvefontein 244 IR Submersible pump 

KGA15 -26.2062 28.6838 Borehole Domestic Wolvefontein 244 IR Submersible pump 

KGA16 -26.1918 28.6945 Borehole None (pump had seized) Wolvefontein 244 IR Hand pump 

KGA17 -26.2038 28.7012 Borehole Livestock and irrigation Wolvefontein 244 IR Submersible pump 

KGA18 -26.1974 28.7126 Borehole Livestock and irrigation Wolvefontein 244 IR Submersible pump 

KGA19 -26.1959 28.7061 Surface water dam Livestock Wolvefontein 244 IR None 

KGA20 -26.1958 28.6985 Surface water dam Livestock and irrigation Wolvefontein 244 IR None 

KGA21 -26.1857 28.6918 Borehole Domestic Wolvefontein 244 IR Submersible pump 

KGA22 -26.1666 28.6607 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA23 -26.1659 28.6591 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 



Universal Coal Development I (Pty) Ltd                Eloff Block Groundwater EIA and EMP Report 

 

17-1030        6 August 2018  Page 23 

KGA24 -26.1641 28.6595 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA25 -26.1634 28.6591 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA26 -26.1700 28.6542 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA27 -26.1695 28.6542 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA28 -26.1730 28.6513 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA29 -26.1735 28.6502 Borehole Domestic Middelbult 235 IR Submersible pump 

KGA30 -26.1755 28.6327 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA31 -26.1765 28.6303 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA32 -26.1761 28.6279 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA33 -26.1760 28.6287 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA34 -26.1761 28.6266 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA35 -26.1754 28.6280 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA36 -26.1911 28.6204 Borehole Livestock and irrigation Middelbult 235 IR Submersible pump 

KGA37 -26.1668 28.6568 Borehole Domestic Middelbult 235 IR Submersible pump 

KGA38 -26.1700 28.6624 Borehole None Middelbult 235 IR None 

KGA39 -26.2045 28.6400 Borehole Domestic and livestock Strydpan 243 IR Submersible pump 

KGA40 -26.2064 28.6519 Borehole Domestic Strydpan 243 IR Bucket and rope 

KGA41 -26.2144 28.6543 Borehole Domestic Strydpan 243 IR Bucket and rope 

KGA42 -26.1941 28.6456 Surface water dam Livestock and irrigation Middelbult 235 IR None 
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Table 5-2: GCS hydrocensus information of 2016 
 

Borehole ID 

Coordinate Information 
Bore/Spring 
Construction 
Information 

Borehole Equipment & 
Status 

Hydrogeological Information 

Coordinates 
Collar Height 

Equipment Status: 
Static Water Level 

South 
 

East 
 [m] [m bRL] 

EBA01 -26.2835 28.62908 0.12 N/A Blocked Blocked 

EBA02 -26.2887 28.63038 0 Hand pump Good 4.37 

EBA03 -26.2141 28.63836 Unknown N/A Blocked Blocked 

EBA04 -26.2505 28.56264 0.27 N/A Blocked Blocked 

EBA05 -26.516 28.56253 0.21 N/A Blocked Blocked 

EBA06 -26.2436 28.57786 Equipped None Good Equipped 

EBA07 -26.2523 28.59951 Unknown Unknown 
Not 

located 
Unknown 

EBA34 -26.2001 28.5744 0.12 N/A Good Equipped 

EBA35 -26.1808 28.5746 Unknown Unknown 
Not 

located 
Unknown 

EBA36 -26.2459 28.63547 0.21 Submersible pump Good 8.49 

EBA37 -24.2468 28.63572 0 N/A Good 5.24 

EBA38 -26.2462 28.63534 0.12 N/A Good 24.78 

EBA28 -26.17544 28.62779 0.5 Submersible pump Good 27.76 

EBA30 -26.20445 28.64031 0.15 Submersible pump Good 6.82 

EBA39 -26.2435 28.63553 0 N/A Blocked Blocked 

EBA40 -26.2419 28.63441 0.1 Submersible pump Good 19.08 

EBA42 -26.2693 28.65342 0.35 Submersible pump Good 6.4 

EBA43 -26.2666 28.64934 0.45 Submersible pump Good 6.38 

EBA44 -26.2569 28.63456 0.1 None Good 5.38 

EBA45 -26.2555 28.63558 0 Submersible pump Good 17.38 
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Borehole ID 

Coordinate Information 
Bore/Spring 
Construction 
Information 

Borehole Equipment & 
Status 

Hydrogeological Information 

Coordinates 
Collar Height 

Equipment Status: 
Static Water Level 

South 
 

East 
 [m] [m bRL] 

EBA46 -26.2554 28.63917 0 Hand pump Good Sealed top 

EBA47 -26.252 28.64412 0.1 N/A Good 11.39 

EBA48 -26.246 28.64926 Windmill Windmill Good Windmill 

EBA49 -26.2324 28.66189 0.23 N/A Good 8.56 

EBA50 -26.233 28.67144 Handpump Hand pump Good Hand pump 

EBA51 -26.2639 28.66284 0.37 N/A Blocked Blocked 

EBA52 -26.2632 28.66353 0.4 N/A Blocked Blocked 

EBA53 -26.2715 28.65157 0.48 Submersible pump Good Equipped 

EBA54 -26.2321 28.65527 0.22 N/A Good Blocked 

EBA55 -26.2346 28.65671 Unknown Unknown 
Not 

located 
Unknown 

EBA56 -26.2369 28.66129 0.36 Submersible pump Good Equipped 

EBA60 -26.236 28.61618 0 Windmill Good Windmill 

EBA60A -26.23662 28.61675 0.17 Submersible pump Good 58.02 

EBA63 -26.2393 28.6159 No access Unknown Unknown No Access 

EBA64 -26.2403 28.61725 No access Unknown Unknown No Access 

EBA65 -26.2435 26.64207 Unknown Unknown 
Not 

located 
Unknown 

EBA66 -26.2405 28.6413 0.27 Submersible pump Good 28.41 

EBA67 -26.2407 28.64045 32 Submersible pump Good Equipped 

EBA74 -26.2045 28.56058 0.1 N/A Unknown No Access 

EBA75 -26.204 28.55943 No access N/A Blocked Blocked 

EBAHOUSE -26.17293 28.17293 0.45 Submersible pump Good 34.34 
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Borehole ID 

Coordinate Information 
Bore/Spring 
Construction 
Information 

Borehole Equipment & 
Status 

Hydrogeological Information 

Coordinates 
Collar Height 

Equipment Status: 
Static Water Level 

South 
 

East 
 [m] [m bRL] 

EF -26.2071 28.64383 Unknown Unknown 
Not 

located 
Unknown 

G37017 -26.23052 28.64882 0.35 None Good 46.85 

SMVDYK -26.2218 28.55277 Equipped Submersible pump Good Equipped 
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Figure 5-1: Hydrocensus localities
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5.2 General Aquifer Description 

Based on the lithological units identified from the 1:250 000 geological map it is believed that the 

following three types of aquifers exist within the project area, two of which are located within the 

Karoo Supergroup and the third aquifer in the deeper underlying Transvaal Supergroup: 

5.2.1 Weathered zone aquifer unit 

The first aquifer is a shallow, semi-confined or unconfined aquifer that occurs in the transitional soil 

and weathered bedrock zone. Depending on the depth of the groundwater level and extent/depth of 

weathering, this aquifer unit is typically between 0 and 17 metres thick.  The shallow aquifer system 

is undeveloped/absent in areas where the groundwater level is deeper than the contact between the 

weathered zone and fresh bedrock. 

Yields in this aquifer are generally low (less than ±0.5 l/s) and the aquifer is usually not fit for supplying 

groundwater on a sustainable basis. The aquifer receives on average ±3% recharge from rainfall 

(Hodgson et al, 2007). This aquifer often acts as a pathway for contamination and is therefore 

considered during seepage estimations from pollution sources to receiving groundwater and surface 

water systems. The weathered zone aquifer is usually only affected by opencast mining or by high 

extraction or shallow underground mining where subsidence occurs and the entire roof strata above 

the mined area is destroyed.  Where mining becomes deeper the weathered zone aquifer is usually 

affected to a very limited extent.   

According to the Parsons Classification System (Table 5-3), this aquifer is usually regarded as a minor- 

and in some cases a non-aquifer system. 

5.2.2 Fractured Karoo rock aquifer unit 

The second aquifer unit is the deeper secondary fractured rock aquifer that is hosted within the 

sedimentary rocks of the Karoo Supergroup and occurs at depths generally exceeding 20 metres below 

surface. Groundwater yields, although more heterogeneous, can be higher. This aquifer system usually 

displays semi-confined or confined characteristics with piezometric heads often significantly higher 

than the water-bearing fracture position. Fractures may occur in any of the co-existing host rocks due 

to different tectonic, structural and genetic processes. 

This aquifer is reported to be approximately 40 m thick (Visser, 1989). From previous investigations in 

similar geological units the saturated hydraulic conductivity of the Ecca Group was found to vary 

between 1x10-1 and 1x10-3 m/day (Parsons, 1995).  Recharge to this aquifer is estimated to vary 

between 1 and 3% of the mean annual rainfall. 

Post-Karoo dolerite intrusions often enhance the aquifer properties of the Karoo rocks. The contact of 

these intrusives with the sediments are often fractured due to the high temperature baking effect 

during intrusion. Dolerite dykes and sills are also often associated with the displacement of sediments, 

resulting further to fracturing along the contact zone. The dolerite intrusion itself, however, often acts 

as a groundwater flow barrier. 
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According to the Parsons Classification System, this aquifer could be regarded as a minor aquifer 

system, but also a sole aquifer system in some cases where groundwater is the only source of domestic 

water.  

5.2.3 Malmani dolomitic aquifer 

The Malmani Subgroup forms the third and main aquifer and consists mainly of alternating layers of 

chert free dolomite and chert rich dolomite (Visser, 1989).  

Overlying the dolomite is the Dwyka Group with a limited or low aquifer potential, followed by the 

Vryheid Formation. The Dwyka Group shale and tillite are often seen as an aquitard or even an aquiclude 

that separates the dolomitic aquifer from the Vryheid Formation in which the planned mining will take 

place.  

The Malmani dolomite has typically an effective depth of 300 m, the maximum depth to which 

significant dissolution of the dolomite has taken place (Visser, 1989). A hydraulic conductivity that 

varies between 10 and 100 m/day is considered representative of the Malmani dolomite (Parsons, 

1995). Recharge to this aquifer is estimated to vary between 2 and 6% of the mean annual rainfall (GCS, 

2014), although this could be higher depending on the overlying cover material or geological units and 

the formation of surface karst features. 

According to the Parsons Classification System (Table 5-3), this aquifer could be regarded as a major 

aquifer system, but also a sole aquifer system in some cases where groundwater is the only source of 

domestic water. 

Table 5-3: Parsons Aquifer Classification (Parsons, 1995) 
 

Sole 
Aquifer 
System 

An aquifer that is used to supply 50% or more of domestic water for a given area, and 
for which there is no reasonably available alternative sources should the aquifer be 
impacted upon or depleted.  Aquifer yields and natural water quality are immaterial. 

Major 
Aquifer 
System 

Highly permeable formation, usually with a known or probable presence of significant 
fracturing.  They may be highly productive and able to support large abstractions for 
public supply and other purposes.  Water quality is generally very good (less than 150 
mS/m). 

Minor 
Aquifer 
System 

These can be fractured or potentially fractured rocks that do not have a primary 
permeability, or other formations of variable permeability.  Aquifer extent may be 
limited and water quality variable.  Although these aquifers seldom produce large 
volumes of water, they are important both for local suppliers and in supplying base 
flow for rivers. 

Non-
Aquifer 
System 

These are formations with negligible permeability that are generally regarded as not 
containing groundwater in exploitable quantities.  Water quality may also be such that 
it renders the aquifer unusable.  However, groundwater flow through such rocks, 
although impermeable, does take place, and needs to be considered when assessing 
the risk associated with persistent pollutants. 

Special 
Aquifer 
System 

An aquifer designated as such by the Minister of Water Affairs, after due process. 
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5.3 Groundwater Levels 

Groundwater level information was obtained from the numerous hydrocensus/user surveys that were 

conducted within the project area as well as the active groundwater monitoring program at Kangala 

Colliery. A contour map of groundwater level depths below surface is provided in Figure 5-3. 

According to the NGA data available for the project area, groundwater levels vary greatly – from 

0.9 metres below surface (mbs) to 91.7 mbs.  Potential causes for the varying groundwater levels may 

include, but are not necessarily limited to: 

 Active groundwater abstraction by users for domestic purposes; 

 The presence of three aquifers underlying the project area, i.e. varying water levels may 

represent different aquifer systems with different hydraulic heads; and 

 The impermeable nature of intrusions in the area, which could cause the aquifer to be 

compartmentalised with little or no inter-compartmental flow. 

Measured water levels vary between ±2.4 and 58 mbs with the average being nearly 14 mbs. Most 

hydrocensus boreholes that displayed deeper groundwater levels were however equipped with a pump 

of some sorts at the time of the hydrocensus (Table 5-1 and Table 5-2). It is further suspected that the 

Malmani dolomite aquifer has a slightly deeper water table compared to the much lower permeable 

Karoo aquifer units, however, this could not be confirmed due to the existing impact of local borehole 

abstraction.  

Being situated on a local groundwater divide, groundwater from the Eloff MRA is expected to flow 

towards the west and north-west towards the Blesbokspruit and north-east in the direction of the 

Bronkhorstspruit. Kangala Colliery is located to the east of this divide and groundwater from the colliery 

infrastructure area is therefore expected to migrate towards the north-east towards the 

Bronkhorstspruit. 

A graph of borehole collar elevation versus groundwater level elevation is presented in Figure 5-2 where 

the linear correlation of nearly 97% can be seen.  It should be noted that groundwater levels from 

boreholes impacted on by groundwater abstraction (mainly for domestic purposes) were disregarded.   

These water levels, with the help of the Bayesian interpolation technique, were also used in the 

construction of the ambient static groundwater elevation contour map provided in Figure 5-4. This 

interpolation technique utilises the relationship that exists between the surface topography and the 

depth-to-groundwater level to estimate groundwater levels in areas where borehole data is scarce. 
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Figure 5-2: Relationship between surface- and groundwater elevations
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Figure 5-3: Groundwater contour map – hydrocensus data
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Figure 5-4: Bayesian interpolated groundwater elevation contour map of the Eloff mining rights area 
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5.4 Groundwater Quality Evaluation 

Groundwater quality information from three sources were evaluated, namely: 

 The 2015 groundwater monitoring results for Eloff; 

 The results of the GCS hydrocensus analyses of 2016; and 

 The 2017 groundwater monitoring results for Kangala Colliery. 

The positions of all boreholes included in this evaluation are indicated in Figure 5-1 and Figure 

5-8. 

5.4.1 The 2015 groundwater monitoring results for Eloff 

The calcium, magnesium and chloride content of groundwater from borehole EBA47 were 

slightly elevated in comparison with the other seven monitoring boreholes.  

The values of each groundwater sampling point for the 2015 monitoring year were used to 

plot a Piper diagram. The Piper diagram (Figure 5-5) is a tri-linear plot that groups the water 

chemistry of the samples according to their chemical composition. Most of the groundwater 

samples plot in the left quadrant of the Piper diagram classification field, which is often an 

indication of freshly recharged water. Most boreholes have a Ca-Mg/HCO3 water type, except 

for EBA37 and EBA38 that are dominated by Na-Cl/HCO3. This anomaly cannot be explained 

at this point in time. 

 

Figure 5-5: Piper diagram of groundwater monitoring points 
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Table 5-4: Results of chemical and physical groundwater analyses for the 2015 monitoring year 
 

BH Date pH 
EC 

mS/m 
TDS 
mg/l 

Ca 
mg/l 

Mg 
mg/l 

Na 
mg/l 

K 
mg/l 

Cl 
mg/l 

SO4 
mg/l 

NO3 
mg/l 

F 
mg/l 

Al 
mg/l 

Fe 
mg/l 

Mn 
mg/l 

EBA06 2015/03/20 8.4 22.0 - 21.1 7.3 10.7 3.0 12.7 14.7 1.0 0.21 <0.006 <0.006 <0.001 

EBA37 2015/03/20 7.9 57.5 - 39.4 8.7 70.3 4.1 49.2 2.5 0.5 0.41 <0.006 <0.006 <0.001 

EBA37 2015/09/10 7.7 104.0 564.0 24.8 6.3 187.0 3.8 196.0 <0.132 <0.392 1.08 <0.006 <0.006 <0.001 

EBA38 2015/03/20 7.4 108.0 - 11.7 3.9 201.0 5.7 160.0 17.4 10.6 1.20 <0.006 <0.006 0.01 

EBA38 2015/09/10 8.0 36.2 188.0 33.9 14.9 19.9 6.3 6.2 <0.132 1.8 <0.472 <0.006 <0.006 <0.001 

EBA46 2015/09/10 7.4 47.6 288.0 44.5 21.0 23.0 10.8 15.2 <0.132 <0.392 <0.472 <0.006 2.52 1.09 

EBA47 2015/03/20 8.0 148.0 - 134.0 63.7 75.4 13.4 230.0 24.5 9.2 0.31 <0.006 <0.006 <0.001 

EBA47 2015/09/10 7.4 152.0 906.0 145.0 66.7 86.4 13.9 242.0 22.0 8.8 <0.472 <0.006 <0.006 <0.001 

EBA49 2015/09/10 7.8 61.0 372.0 68.2 23.1 30.0 6.9 37.2 23.6 5.0 <0.472 <0.006 <0.006 <0.001 

EBA62 2015/03/20 8.1 51.5 - 50.0 22.8 23.2 4.5 24.9 9.1 0.5 0.41 <0.006 <0.006 0.01 

EBA62 2015/09/10 7.7 50.8 266.0 50.8 23.5 24.3 4.8 25.4 7.5 <0.392 0.52 <0.006 <0.006 0.07 

EBA34 2015/09/10 7.9 50.6 322.0 37.7 20.3 39.8 3.5 36.3 20.7 3.9 <0.472 <0.006 <0.006 <0.001 
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5.4.2 The results of the GCS hydrocensus analyses of 2016 

The six groundwater samples that were collected during the 2016 hydrocensus were firstly 

tested in the field for pH, EC and temperature (Table 5-6). The groundwater samples were 

then submitted to a SANAS accredited laboratory where they were analysed for a wide range 

of chemical and physical indicator parameters (Table 5-7). 

The groundwater quality data was evaluated with the aid of diagnostic chemical diagrams 

and by comparing the inorganic concentrations to the South African National Standards for 

Drinking Water (Table 5-5). One of the most appropriate ways to interpret the type of water 

at a sampling point is to assess the plot position of the water quality on different analytical 

diagrams like a Piper, Expanded Durov and Stiff diagrams.  Of these three types, the Expanded 

Durov diagram probably gives the most holistic water quality signature.   

Although never clear-cut, the general characteristics of the different fields of the diagram 

could be summarized as follows: 

Field 1: 

Fresh, very clean recently recharged groundwater with HCO3 and CO3 dominated ions. 

Field 2: 

Field 2 represents fresh, clean, relatively young groundwater that has started to undergo 

mineralization with especially Mg ion exchange. 

Field 3: 

This field indicates fresh, clean, relatively young groundwater that has undergone Na ion 

exchange (sometimes in Na - enriched granites or felsic rocks) or because of contamination 

effects from a source rich in Na. 

Field 4: 

Fresh, recently recharged groundwater with HCO3 and CO3 dominated ions that has been in 

contact with a source of SO4 contamination or that has moved through SO4 enriched bedrock. 

Field 5: 

Groundwater that is usually a mix of different types – either clean water from fields 1 and 2 

that has undergone SO4 and NaCl mixing / contamination or old stagnant NaCl dominated 

water that has mixed with clean water. 

Field 6: 

Groundwater from field 5 that has been in contact with a source rich in Na or old stagnant 

NaCl dominated water that resides in Na rich host rock/material. 

Field 7: 
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Water rarely plots in this field that indicates NO3 or Cl enrichment or dissolution. 

Field 8: 

Groundwater that is usually a mix of different types – either clean water from fields 1 and 2 

that has undergone SO4, but especially Cl mixing/contamination or old stagnant NaCl 

dominated water that has mixed with water richer in Mg. 

Field 9: 

Old or stagnant water that has reached the end of the geohydrological cycle (deserts, salty 

pans etc.) or water that has moved a long time and / or distance through the aquifer or on 

surface and has undergone significant ion exchange because of the long distance or residence 

time in the aquifer. 

The layout of the fields of the Expanded Durov diagram (EDD) is shown in Figure 5-6. 

 
 
Figure 5-6: Layout of fields of the Expanded Durov diagram (EDD) 
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The results of the field analyses show neutral pH values for five boreholes and a slightly acidic 

pH (6.58) for EBA38. EC values range from 223 µS/cm in EBA02 and EBA38 to 1 260 µS/cm in 

EBA47 (Table 5-6).  

The groundwater is considered to be of good quality as the concentrations of most chemical 

and physical indicator parameters are well below the SANS Drinking Water Standards (Table 

5-7).  The groundwater ammonium content in EBA37 does however exceed the maximum 

permissible SANS concentration of 1.5 mg/l, which at this point in time cannot be explained 

with the information available. 

Groundwater from all six boreholes plot in fields 1, 2 and 3 of the EDD (Figure 5-7) that often 

represent fresh, clean, relatively young groundwater (fields 1 and 2), while EBA02 (field 3) 

has most likely undergone ion exchange with sodium enrichment and may consequently be 

slightly older. 

 

Figure 5-7: Expanded Durov diagram of groundwater chemistries for hydrocensus 
boreholes 
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Table 5-5: South African National Standards for drinking water (SANS 241:2015) 
 

Determinant Risk Unit Standard limits 

Physical and aesthetic determinants 

Free chlorine Chronic health mg/l ≤ 5 

Monochloramine Chronic health mg/l ≤ 3 

Conductivity at 25 °C Aesthetic mS/m ≤ 170 

Total dissolved solids Aesthetic mg/l ≤ 1 200 

pH at 25 C Operational pH units ≥ 5 to ≤ 9.7 

Chemical determinants - macro-determinants 

Nitrate as N Acute health – 1 mg/l ≤ 11 

Nitrite as N Acute health – 1 mg/l ≤ 0.9 

Sulphate as SO4
2– Acute health – 1 mg/l ≤ 500 

Fluoride as F– Chronic health mg/l ≤ 1.5 

Ammonia as N Aesthetic mg/l ≤ 1.5 

Chloride as Cl– Aesthetic mg/l ≤ 300 

Sodium as Na Aesthetic mg/l ≤ 200 

Zinc as Zn Aesthetic mg/l ≤ 5 

Chemical determinants - micro-determinants 

Aluminium as Al Operational μg/l ≤ 300 

Antimony as Sb Chronic health μg/l ≤ 20 

Arsenic as As Chronic health μg/l ≤ 10 

Barium Ba Chronic health μg/l ≤ 700 

Boron B Chronic health μg/l ≤ 2 400 

Cadmium as Cd Chronic health μg/l ≤ 3 

Total chromium as Cr Chronic health μg/l ≤ 50 

Cobalt as Co Chronic health μg/l ≤ 500 

Copper as Cu Chronic health μg/l ≤ 2 000 

Cyanide (recoverable) as CN– Acute health – 1 μg/l ≤ 70 

Iron as Fe 
Chronic health μg/l ≤ 2 000 

Aesthetic μg/l ≤ 300 

Lead as Pb Chronic health μg/l ≤ 10 

Manganese as Mn 
Chronic health μg/l ≤ 400 

Aesthetic μg/l ≤ 100 

Mercury as Hg Chronic health μg/l ≤ 6 

Nickel as Ni Chronic health μg/l ≤ 70 

Selenium as Se Chronic health μg/l ≤ 40 

Uranium as U Chronic health μg/l ≤ 15 

Vanadium as V Chronic health μg/l ≤ 200 

Organic determinants 

Total organic carbon Acute health – 1 mg/l ≤ 10 
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Table 5-6: Field physio-chemical data (November 2016) 
 

Borehole ID 

Coordinates Information Field Physio-Chemical Information: Sampling Information: 

Coordinates 
pH EC Temp Date Time 

Method 
Depth 

East South 

[m] [m] [pH Value] [µS/cm] [°C] [dd-mm-yyyy] [hh:mm] [m bRL] 

EBA02 28.63038 26.2887 7.95 223 23.7 02/11/2016 _ Bailer 15 m 

EBA37 28.63572 24.2468 7.06 415 24.6 01/11/2016 14:36 Bailer 15 m 

EBA38 28.63534 26.2462 6.58 223 23.7 01/11/2016 15:04 Bailer 26 m 

EBA46 28.63917 26.2554 7.26 400 23.6 01/11/2016 16:19 Existing Pump System Handpump 

EBA47 28.64412 26.252 7.05 1260 21.9 01/11/2016 16:05 Bailer 15 m 

EBAHOUSE 28.17293 26.1729 7.77 551 23.7 01/11/2016 11:20 Tap Tap 

 
Table 5-7: Results of groundwater analyses (November 2016) 
 

Locality pH EC TDS Alk Cl SO4 NO3 NH4 PO4 F Ca Mg Na K Al Fe Mn 

Unit pH mS/m mg/l 
mg 

CaCO3/l 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

EBA02 8 142 790 380 235 12.8 0.3 0.1 -0.005 0.4 57.8 56.5 175 3.1 -0.002 -0.004 -0.001 

EBA37 7 37.8 260 189 15 -0.141 0.3 2.7 -0.005 0.3 41 12.2 19.1 6.8 -0.002 0.3 0.2 

EBA38 6.6 23.9 187 69.1 17 -0.141 3.4 0.1 0.015 -0.263 16.1 8.1 15 5 -0.002 -0.004 -0.001 

EBA46 7.6 40.2 233 201 13.1 -0.141 0.3 1.2 -0.005 -0.263 36.6 17.7 20.6 10.2 -0.002 -0.004 0.6 

EBA47 7.4 130 724 338 192 21.5 0.9 0.1 -0.005 0.3 99.2 59.9 82.8 13.2 -0.002 -0.004 0.1 

EBAHouse 8.1 53.9 344 264 15.1 23.5 0.5 0.1 -0.005 -0.263 52.8 33 23.8 1.9 -0.002 -0.004 -0.001 

 

Note: Red – Parameter value exceeds maximum concentration allowed in drinking water (Table 5-5).
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5.4.3 The 2017 groundwater monitoring results for Kangala Colliery 

Quarterly reporting on the groundwater monitoring results were done by Digby Wells 

Environmental in 2017 and the findings of their most recent evaluation (third quarter of 2017) 

are provided below. A total of 15 dedicated groundwater monitoring boreholes were included 

in the 2017 groundwater monitoring program and their positions are indicated below in Figure 

5-8. 

Conclusions: 

 From the 15 groundwater sampling points 10 boreholes where sampled during the 

third quarter sampling run (August - October 2017) and sent to the laboratory for 

chemical analysis; 

 Boreholes KAM02, KAM05, KGA12, G37018 and G37017 where not sampled during the 

third quarter of 2017 as they were not accessible, blocked or the water level was too 

low to sample (dry). 

 Potable water supply borehole KAM01 is sampled monthly for inorganic content and 

bacteria count and the water has been classified as ideal, i.e. good for domestic use; 

 No E.coli or total coliform bacteria were detected in sample KAM01; 

 Sample sites KAM01, KAM04, KAM06, KGA18 and KGA39 indicate water quality that 

falls within the acceptable SANS 241:2015 drinking water limits, as well as Kangala’s 

WQO; 

 Manganese concentrations for sample sites KAM07, KAM08 and KAM09 exceed the 

Kangala WQO as well as SANS aesthetic health limits in KAM07 and KAM09 and chronic 

health limits in KAM08. 

 The Mn content in KAM09 has been measured in concentrations that could cause 

chronic health effects if consumed for a certain period of time. Manganese is a 

natural occurring element and high concentrations are often associated with the 

dolomitic host rock, as well as Karoo formations; 

 Boreholes G37018 and KGA21 both exceed Kangala’s WQO limits for Nitrate (NOз) as 

well as SANS acute health limit. Borehole KGA21 is located off site and downgradient 

of Kangala Colliery and the source of the elevated Nitrate is possibly due to 

agricultural activities – fertilizers and animal waste. Although G37018 is located 

within the site footprint, it is unlikely to be affected by the mining and related 

activities as contamination emanating from the site will preferentially move towards 

KAM06. 

 In summary – most sampled sites comply with the required standards (for the 

parameters analysed) except for KAM07, KAM08, KAM09 with slightly elevated 

Manganese (Mn) as well as G37018 and KGA21 with slightly elevated Nitrate (NOз). 
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Figure 5-8: Positions of dedicated source monitoring boreholes at Kangala Colliery 
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5.5 Geochemical Review 

Metal sulphides, of which pyrite is the most common, are very prone to oxidation when 

brought into contact with water and oxygen.  The chemical reactions are collectively referred 

to as acid mine drainage (AMD).  The root of the problem lies in the chemical and 

bacteriological oxidation of the metal sulphides, which is explained/illustrated with the 

following reaction train: 

 2FeS2 + 7O2 + 2H2 – 2FeSO4 + H2SO4 .....................  ......................... (1) 

 4FeSO4 + 2H2SO4 + O2 – 2Fe2 (SO4)3 + 2H2O ...................................... (2) 

 3Fe2 (SO4)3 + 12H2O – 2HFe3(SO4) 2 (OH)6 + 5H2SO4 .....  ....................... (3) 

The pH and bicarbonate values of the water are expected to decrease.  Metals go into solution 

and sulphate (SO4) and Total Dissolved Solids (TDS) values increase.  As the water leaves the 

mining area, it usually mixes with better quality water and the pH and bicarbonate values 

will be buffered back to more acceptable levels with metals that precipitate out. 

Acid Base Accounting (ABA) is done to determine the net acid generating and neutralising 

potentials of material, while a static leaching test involves the percolation of a liquid through 

a finely crushed rock sample after which the leachate retrieved from the sample (extract) is 

analysed to determine what chemical changes have occurred. 

Being mainly a desktop study, no form of geochemical testing was performed for this 

investigation. Numerous geochemical investigations were however performed for the Kangala 

Colliery and its Middelbult Expansion Project and their findings are summarised in the 

following subheadings.   

5.5.1 Results of geochemical investigation conducted for Kangala Colliery in 2009 
(Digby Wells, 2009) 

Fourteen core samples from three representative boreholes were sent to the SGS Lakefield 

Laboratories for ABA testing and the results are summarised in the following paragraphs. 

Short descriptions of the rock samples are also provided in Table 5-8. 

Table 5-8: Description of Kangala samples of 2009 
 

Sample 
number 

Sample 
depth 
(mbs) 

Lithology 

UNI13a 24.0 Shale. Dark grey. Very fined grained. Slightly weathered. 

UNI13b 29.2 Sandstone. Light grey to grey. Fine grained. Slightly fractured to fresh. 

UNI13c 34.2 Siltstone. Grey. Fine grained. Slightly fractured to fresh. Micaceous. 

UNI13d 36.3 Sandstone. Brownish grey. Medium grained. Slightly fractured to fresh. 

UNI13e 37.0 Shale. Grey to dark grey. Very fine grained. Highly fractured and 
broken. 
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Sample 
number 

Sample 
depth 
(mbs) 

Lithology 

UNI13f 67.0 
Dwyka Tillites. Brownish grey. Fine to coarse grained. Highly fractured 
and broken. Dropstones and inclusions of various shape, size and 
colours visible. 

UNI20a 24.0 Shale. Dark grey. Very fined grained. Slightly weathered. 

UNI20b 27.0 Sandstone. Light grey to grey. Fine grained. Slightly fractured to fresh 

UNI20c 40.0 Siltstone. Grey. Fine grained. Slightly fractured to fresh. Micaceous. 

UNI20d 43.0 Shale. Grey to dark grey. Very fine grained. Highly fractured and 
broken. 

UNI20e 45.0 
Dwyka Tillites. Brownish grey. Fine to coarse grained. Highly fractured 
and broken. Dropstones and inclusions of various shape, size and 
colours visible. 

UNI23a 27.5 Shale. Dark grey. Very fine grained. 

UNI23b 34.5 Siltstone. Light grey. Fine grained. Slightly fractured to fresh. 

UNI23c 51.1 Dwyka. Brownish grey. Fine to coarse grained. Slightly fractured to 
fresh. 

 

The test results can be summarised as follows: 

 High variability can be found in the geochemical characteristics in the overburden 

and interburden at Kangala. Sandstone layers fluctuate from strong neutralisation 

potential to low acid generation potential indicating a change in the chemical 

composition over the planned mining area. 

 With the above taken into consideration, sandstone was the dominant lithology 

present (excluding the coal seams) in the overburden and contributed about 42% of 

the total samples taken. Most of the sandstone indicated a strong neutralising 

potential (NP). 

 The second largest percentage of lithological strata from the samples acquired from 

the overburden were shale and indicated a medium AGP (acid generating potential) 

and should preferably not be backfilled into the opencast pit but discarded to the 

discard dump (Table 5-9). 

 Samples UNI13a and UNI20b show possible acid generating potential. 

 The analysis from the No. 2 and No. 4 coal seam showed high risk for acid generation. 

Most of the coal will however be removed, but Kangala need to ensure that the Dwyka 

formation stay intact to prevent possible pollution to the underlying dolomites. 
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Table 5-9: ABA test results for the Kangala samples of 2009 
 

Sample ID UNI13a UNI13b UNI13c UNI13d UNI13e UNI13f UNI20a UNI20b UNI20c UNI20d UNI20e UNI20f UNI23b UNI23c 

Fizz Rating 1 3 1 1 1 1 2 1 1 1 1 1 2 1 

Paste pH 5.5 8 7.7 7.5 7.6 6.5 7.4 5.7 7.8 7.1 6.9 7.1 7.4 6.6 

Sample Weight(g) 1.98 2 1.98 1.99 1.99 1.99 1.98 2 1.98 2.01 2.02 2 1.98 2.01 

Normal HCL(N) 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 0.107 

Total HCL added(ml) 22.1 55.1 31.5 20 22.3 20 29 20 20 20 20 20 29 20 

Normal NaOH (N) 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 0.098 

Total NaOH added (ml) 20.8 22.8 25.5 18.9 21.4 19.7 20.3 20 15.8 19.5 19.6 17.9 21 20.6 

NP 8.2 91.5 22 7.2 7.3 5.3 28.1 4.5 14.9 5.7 5.4 9.6 26.4 3 

AP 26.3 0.31 1.6 4.38 1.25 17.8 0.31 7.19 0.94 2.19 0.31 1.56 0.31 0.31 

Net NP -18 91.2 20.4 2.9 6 -12.6 27.8 -2.7 14 3.5 5.1 8.1 26.1 2.7 

NP/AP 0.3 293 14.1 1.7 5.8 0.3 90 0.6 15.9 2.6 17.4 6.2 84.4 9.6 

Total S (%) 1.11 0.06 0.17 0.17 0.18 0.62 0.14 0.28 0.11 0.1 <0.01 0.18 0.11 0.02 

Sulphide (%) 0.84 <0.01 0.05 0.14 0.04 0.57 <0.01 0.23 0.03 0.07 <0.01 0.05 <0.01 <0.01 

SO4 (%) 0.82 0.16 0.35 0.09 0.43 0.14 0.39 0.14 0.23 0.07 <0.03 0.41 0.29 0.04 

CO3 (%) 0.3 4.18 0.21 0.5 0.77 0.22 0.92 0.14 0.17 0.11 0.19 0.19 1.12 0.09 
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5.5.2 Results of geochemical investigation conducted for Kangala Colliery in 2015 
(Digby Wells, 2015) 

Digby Wells conducted a geochemical investigation for the Kangala Colliery in 2015, which 

involved Synthetic Precipitation Leachate Procedure (SPLP) tests, ABA and NAG tests and XRD 

and XRF tests. Six samples were collected from both the coal and waste material generated 

by the mining activities and submitted for testing. More information regarding the six samples 

is provided in Table 5-10. 

Table 5-10: Description of Kangala samples of 2015 
 

Sample ID 
Coordinates (WGS84) 

X-Coordinate Y-Coordinate 

Fresh Coal 1 -33840.3130  -2898989.286 

Fresh Coal 2 -33456.2811  -2898823.840 

Overburden 1 -33455.1812  -2898869.020 

Overburden 2 -33981.0448  -2898858.028 

Slurry 1 -33105.0000  -2898685.000 

Slurry 2 -32852.0000  -2898231.000 

 

The test results can be summarised as follows: 

 The mineralogy of the coal and waste material is dominated by alumino-silicate 

minerals, clay minerals and feldspar. The main minerals are graphite, kaolinite, 

quartz, muscovite, calcite and dolomite, with small quantities of hematite, siderite, 

pyrite and traces of gypsum. 

 The presence of hematite and siderite in the samples indicate that oxidation and 

dissolution reactions of the pyrite have not started. This indicates that ARD formation 

is not a risk at present. 

 Pyrite is present in small amounts in all the coal and waste samples and is associated 

with the depositional environment in which the coal formations occur. The presence 

of pyrite in these samples may lead to ARD formation and thus the coal and waste 

samples should be managed to minimise seepage and runoff of leachate (Table 5-11). 

 The NAG paste pH of all the coal and waste samples are in a range between 7.2 and 

8.9, indicating an excess of base materials in the samples and therefore suggesting 

neutral to elevated alkalinity values will potentially be present in water quality 

samples initially. 

 Coal and waste samples Fresh Coal 1, Fresh Coal 2, Slurry 1 and Slurry 2 have total 

sulphur content above the 0.3% guideline value, indicating that acid generation will 

occur during oxidation if the neutralisation potential of the rocks is not high enough. 
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 By comparing the trace element concentrations with the average upper continental 

crust elemental concentrations it can be seen that the mineralogy of the coal and 

waste material are enriched with trace elements. The elemental concentrations of 

all trace elements except for Hafnium (Hf), Nickel (Ni), Selenium (Se), Strontium (Sr), 

Thorium (Th) Vanadium (V), Zinc (Zn) and Zirconium (Zr) are higher than the normal 

crustal averages in all coal samples. The leachability of these elements depends 

highly on the acid generating potential of the material that can be countered by the 

neutralising minerals also present in the main mineralogy of the material. 

 All coal and waste samples show a low tendency of acid generation and have a 

relatively high neutralising potential (NP). This implies that the material will be able 

to buffer a large portion of the acid forming reactions. 

 Sample Slurry 1 however shows a NNP between -20 and 20, indicating that there is 

an uncertainty whether enough neutralising potential exists to counter the amount 

of sulphur available for oxidation; hence it can be classified as intermediate. 

 The NPR (NP/AP) of samples Overburden 1 and Overburden 2 are 25 and nearly 7 

respectively, which combined with their low sulphur percentages conclude that these 

two samples are potentially acid neutralising (i.e. non-acid forming). 

 All static leach anion concentrations (Cl, SO4, CaCO3, N and F) are below the 

recommended drinking water limits and pose no environmental risk with chloride and 

nitrate concentrations in all samples below the laboratory detection limit. 

 Cation static leach concentrations (Ca, K, Li, Mg and Na) are below the recommended 

drinking water limits in all coal samples, and do not pose any environmental risk. 

 Aluminium is above the South African drinking water limits in samples Fresh Coal 1, 

Fresh Coal 2 and Overburden 1. 

 Barium is above the drinking water limits in all coal and waste samples. 

 Nickel, Lead and Selenium are above the drinking water limits in sample Overburden 

1. 

 All above mentioned heavy metals may pose a health risk according to the SANS 

drinking water standards. Their levels will also contribute to an increase in salt and 

metal concentrations leaching into the receiving environment and should be 

monitored frequently (quarterly). 
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Table 5-11: ABA test results for the Kangala samples of 2015 
 

Acid–Base Accounting 

Sample Identification 

Fresh Coal 1 Fresh Coal 2 OBDN1 OBDN2 
Slurry 

1 
Slurry 

2 

Paste pH 8.9 8.1 8.1 7.2 7.4 7.5 

Total Sulphur (%) (LECO) 0.71 1.07 0.01 0.19 0.58 0.58 

Acid Potential (AP) (kg/t) 22 33 0.31 5.94 18 18 

Neutralization Potential (NP) 54 73 7.85 41 28 31 

Net Neutralization Potential (NNP) 32 39 7.54 35 9.83 13 

Neutralising Potential Ratio (NPR) (NP:AP) 2.45 2.17 25 6.94 1.54 1.7 

NAG (kg H2SO4/t) PH 4.5 77 <0.01 <0.01 <0.01 24 32 

NAG (kg H2SO4/t) PH 7 64 <0.01 <0.01 <0.01 33 36 

Rock Type II II III III II II 
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5.5.3 Results of geochemical investigation and waste classification conducted for 
Kangala Colliery in 2016 (Head Waters, 2016) 

Head Waters conducted a geochemical assessment for the Kangala Colliery in 2016 during 

which five samples were submitted for XRF and XRD tests, ABA and NAG tests and SPLP tests. 

The five samples were collected from the South Pit area that was being backfilled with soft 

and hard overburden material and the coal discard facility. More information regarding the 

samples is provided in Table 5-12. 

Table 5-12: Description of Kangala samples of 2016 
 

Waste Stream Sample Name Coordinates 

Soft overburden Overburden 26° 11’ 58.55” S; 28° 39’ 34.89” E 

Hard overburden Waste rock 26° 11’ 57.19” S; 28° 39’ 40.61” E 

Carbonaceous 
overburden 

Carbonaceous 
overburden 

26° 11’ 54.02” S; 28° 39’ 45.90” E 

Coal discard Coal discard 26° 11’ 33.88” S; 28° 40’ 12.97” E 

Coal slurry Coal slurry 26° 11’ 35.45” S; 28° 40’ 15.07” E  

 

The results of the geochemical assessment can be summarised as follows: 

 The mineralogy of the samples is dominated by alumino-silicate minerals, clay 

minerals and feldspar, mainly Kaolinite, Quartz and Muscovite. The alumino-silicate 

minerals occur with relatively low amounts of CaO and MgO. Thus, the waste 

materials may not have adequate capacity to buffer or neutralise acid formation.  

 Although present in small amounts, the pyrite in all the samples is higher than that 

detected for the corresponding waste streams in 2015. The presence of pyrite in 

these samples may lead to ARD formation (Table 5-13).  

 Most trace elements reported for the Kangala Colliery samples are higher than the 

normal crustal averages in coal samples. With the net acid generating potential of 

the materials, potential for pollution of water resources due to possible leachability 

of these elements should be considered in management measures and monitoring.  

 Acid-Base Accounting was undertaken to determine the acid generation and 

neutralisation potential of the waste streams. The paste pH of all the overburden, 

discard and slurry samples ranges from 7.0 to 7.5, suggesting fairly neutral conditions 

attributable to a relative balance between acid and alkaline (or base) materials. 

However, an exception to this finding is observed in the paste pH for the Overburden 

sample, which recorded 3.2 pH Units.  

 The total sulphur content of the Overburden, Coal Discard and Coal Slurry are above 

the 0.3 % guideline value, indicative of potential for acid generation if neutralisation 

potential is not adequate to buffer the acid formation. However, the carbonaceous 

overburden and waste rock (hard overburden) samples recorded total sulphur content 

below 0.3 %, suggesting low acid formation in these waste streams. 
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 The Neutralisation Potential Ratio (NPR), i.e. NP:AP, for carbonaceous overburden 

and waste rock is greater than 3:1. Considering the low sulphur content (< 0.3 %) in 

these samples, the carbonaceous overburden and waste rock can be classified as non-

acid forming (i.e. Type III Rock).  

 The NPR for the overburden, coal discard and slurry samples is less than 1:1, with 

sulphur content greater than 0.3%. Thus, the materials can be classified as potentially 

acid forming. Therefore, acid generation may occur in these waste streams under 

oxidising conditions. This could lead to the liberalisation of salts and metals, resulting 

in pollution of water resources.  

 Based on the geochemical assessment results, the materials have been classified 

according to the National Norms and Standards for Assessment of Waste for Landfill 

Disposal. It was observed that the Total and Leachable Concentrations of the 

pertinent chemical elements and compounds in all materials are below the 

corresponding Threshold Zero, except for the overburden, which recorded leachable 

concentrations of Nickel and Sulphate above Threshold Zero, but less than Threshold 

1. Therefore, the overburden material may be classified as Type 3 Waste, whilst the 

hard overburden, coal discard and slurry can be classified as Type 4 Waste.  

 According to the waste regulations, Type 4 waste poses the least risk to the 

environment, whilst Type 3 waste poses a significant risk to land and water resources 

and would require, inter alia, containment barriers to prevent pollution. 
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Table 5-13: ABA test results for the Kangala samples of 2016 
 

Acid–Base Accounting 
Overburden 

(OBDN) 
Overburden-Carbonaceous 

(OBDN-C) 
Waste Rock 

(WRD) 
Coal Discard 

(Discard) 
Coal Slurry 

(Slurry) 

Paste pH 3.2 7 7.5 7.4 7.3 

Total Sulphur (%) (LECO) 1.6 <0.01 0.2 2.17 1.15 

Acid Potential (AP) (kg/t) 50 0.313 6.25 68 36 

Neutralization Potential (NP) -2.75 2.25 17 19 22 

Nett Neutralization Potential 
(NNP) 

-53 1.94 11 -49 -14 

Neutralising Potential Ratio (NPR) 
(NP:AP) 

0.055 7.2 2.76 0.284 0.598 

Rock Type I III III I I 
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5.5.4 Results of geochemical investigation and waste classification conducted for the 
Middelbult Expansion Project (Digby Wells, 2017) 

Samples were collected from three boreholes to form four composite samples, mainly 

representing the waste rock that will be stored in stockpiles during active mining and 

eventually used as backfill material for rehabilitation purposes.  A short description of the 

four composite samples is provided in Table 5-14. 

Table 5-14: Description of Middelbult composite samples of 2017 
 

Sample ID  
Sections sampled per borehole (mbgl)  

Description 
MCH1 MCH2  MCH3  

Composite 1  11.11 to 14.18  7.76 to 9.56   Karoo mudstone/siltstone  

Composite 2  0 to 5.1  0 to 3.96  0 to 5.45  Soft overburden (weathered sandstone/siltstone)  

Composite 3  28.8 to 36.95      Shales and carbonaceous shales (HW)  

Composite 4  20.59 to 23.58      Coarse grained Karoo sandstone  

 

Five more samples were collected from MCH1, which is the deepest borehole and therefore 

intersects all lithologies underlying the project area.  Instead of collecting composite 

samples, individual samples were collected of the different lithologies.  A short description 

of the four individual samples is provided in Table 5-15. 

Table 5-15: Description of Middelbult individual samples of 2017 collected from MCH1 
 

Sample ID Sample Depth (m) Description 

MS1 42 to 43 Coal material (Seam 3) 

MS2 41.5 to 42 Hanging wall material (sandstone) 

MS3 43.8 to 44.8 Footwall material (shale) 

MS4 59 to 61 Malmani dolomite 

MS5 48 to 49 Dwyka tillite/diamictite 

 

The results of the XRD and XRF tests can be summarised as follows: 

 MS1 has a carbon content of 41.03%, which correlates with the coal material sampled. 

Other dominant minerals are kaolinite and muscovite that are both associated with 

the Karoo Supergroup in which the coal deposits are found. MS1 also has a pyrite 

content of 0.17%;  

 MS2 and MS3 are dominated by quartz with different ratios of kaolinite, muscovite, 

plagioclase and microcline. The main difference being the higher clay content 

(kaolinite) in sample MS2;  

 MS3 has a higher pyrite content as would be expected within the shale formation 

directly above the coal seam;  
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 The mineral, dolomite, dominates sample MS4 with 94.81%. This confirms the 

lithology sampled. A small amount of quartz is also present which is normal for 

dolomite formations;  

 Sample MS5 shows a wide range of mineralogy with the largest percentages made up 

of kaolinite and microcline as would be observed in tillite formations across SA;  

 Composite 1, 2, 3 and 4 are dominated by quartz and kaolinite;   

 Traces of siderite is present in composite 3 and 4 with small amounts of pyrite in 

composite 1 and 2; and  

 The pyrite content can potentially generate acid, however the other minerals are 

mainly neutralising.  

The results of the ABA and NAG tests that were conducted on the four composite samples can 

be summarised as follows: 

 All samples except for Composite 3 show a low potential of acid generation, with low 

acid potential (AP) and high neutralising potential (NP). This implies that the material 

will be able to buffer acid forming reactions;  

 The paste pH of all samples falls within the required limits (>5.5), indicting an excess 

of base materials in the samples and therefore suggesting neutral to alkaline values 

will potentially be present in water quality samples initially;  

 The Net Acid Generation (NAG) values of all the samples are low enough (<0.01), 

hence can be classified as non-acid generating. Although Composite 3 has negative 

NNP value (-5.77), considering the low sulphur content (0.1%) and low NAG (< 0.01), 

this sample can therefore be classified as non-acid generating; and  

 Sample Composite 3 shows a NPR < 1 and a negative NNP value (-5.77). However, it 

has a NAG value of <0.01, this indicates that there is an uncertainty whether enough 

neutralising potential exists to counter acid formed during oxidation, although the 

absence of pyrite in this sample indicates a low potential of acid being formed.  

 The sulphur content of the four composite samples is below the 0.3% benchmark and 

is therefore unlikely to generate acid sustainably. 

 

In conclusion, sample composite 3 can be considered as uncertain while all other samples can 

be classified as potentially acid neutralising and thus non-acid generating. If sample 3 does 

produce acid it will be a short term reaction due to the low sulphur content. 

The results of the ABA, NAG and sulphur speciation tests that were conducted on the five 

individual samples can be summarised as follows: 

 Sample MS4 was non-acid generating as would be expected from the dolomite 

material;  
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 Samples MS1, MS2 and MS5 were all inconclusive based on the neutralizing potential 

ratio (NPR). However, in all 3 samples the total Sulphur (Total S) and Sulfide Sulphur 

(S-2) was below the 0.3% mark. Based on the Sulphur distribution these lithologies 

(from the limited number of samples per lithology) will only generate acid over a 

short period, if at all. This is also backed by the NAG results that showed small 

amounts of acid generated by the samples;  

 Sample MS3 was deemed to be potentially acid generating due to a NPR below 1. 

However, this sample was again dominated by SO4-S and not S-2. Thus, acid generation 

will also be over a short period, if at all;  

 The above sulphide distribution is confirmed by the pyrite content of all samples. 

The pyrite content for all samples were below 0.3% that will translate to a sulphide 

content below the mark as well;  

 All paste pH values for the 5 samples were neutral to slightly alkaline and above the 

5.5 level.  

The results of the static leachate tests can be summarised as follows: 

 The pH levels of the samples ranged between 5.5 in sample Composite 1 to 7.6 in 

MS2 and MS4;  

 The leachable TDS and sulphate remained at low levels as observed in all samples;  

 All other leachable elements were well below guideline values although drinking 

water standards cannot necessarily be applied to a static test;  

 Sulphate levels ranged between 2 and 76 mg/l with the coal sample (MS1) having 

leachable concentrations of SO4 at 25 mg/l; and  

 TDS is at a minimum in sample MS1 (coal sample) at 60 mg/l with sample Composite 

2 (weathered overburden) showing a leachable concentration of 418 mg/l.  

The samples were assessed in terms of their total concentration threshold (TCT) and 

leachable concentration threshold (LCT).  Based on the TCT results, all samples can be 

classified as a Type 3 Waste, i.e. Class C or GLB- landfill.  This is confirmed by the LCT results, 

which also suggest that all samples are indeed Type 3 Waste. 

 

5.6 Potential Sources of Groundwater Contamination 

A contaminant source area is defined as an area in which groundwater contamination is 

generated or released from as seepage or leachate.  Source areas are subdivided into two 

main groups, namely point sources where the contamination can easily be traced back to 

the source and diffuse sources where the contamination is typically associated with poor 

quality leachate formation through numerous surface sources. 
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The proposed new mining activities are an expansion of the already existing Kangala Colliery 

and only include additional opencast mining and stockpiling of coal and waste material. All 

existing mining and related infrastructure will be utilised throughout the life of mine and 

have already been included and approved in previous EMP and EIA studies. 

An evaluation of the proposed mining and related activities revealed two additional source 

areas that may potentially pose a risk to the underlying groundwater in terms of quality and 

are listed and briefly discussed in Table 5-16. 

Table 5-16: Potential sources of groundwater contamination 
 

Source 
Contamination 

risk 
Comments 

1. Waste rock 
stockpiles and coal 
stockpiles 

Medium to high 

- Surface water run-off originating 
from these source areas, toe-seeps 
and seepage through the base may 
potentially be affected by acid 
mine/rock drainage. This seepage 
may have a high salt concentration, 
especially sulphate. Some localised 
low pH seepage may also occur, 
resulting in elevated metals such as 
iron 

2. Opencast pit Medium to high 

- Contamination will only leave the pit 
area after groundwater levels have 
recovered post closure. 

- Water collecting in the mine void is 
usually characterised by high 
concentrations of sulphate, with 
localised low pH due to acid mine 
drainage. Pit water is planned to be 
pumped to the existing pollution 
control dam at the Kangala Colliery. 

 

Please note that the detailed waste classification that was done by Digby Wells in 2017 

(Section 5.5) revealed that the targeted coal and waste rock material that would typically be 

generated by the proposed new mining activities should only produce small amounts of acid 

when exposed to oxygen and water. Leachate from the two potential source areas listed 

above in Table 5-16 should therefore be of marginal quality, hence their medium to high risk 

ratings.  

 

5.7 Potential Pathways for Contamination 

The following potential pathways were identified in the project area: 



Universal Coal Development I (Pty) Ltd    Eloff Block Groundwater EIA and EMP Report 

17-1030 6 August 2018  Page 56 

5.7.1 Saturated weathered zone (weathered zone aquifer) 

As discussed in Section 5.2 of the report, the weathered zone aquifer is composed of soil and 

weathered bedrock, which depending on the weathering depth and depth to groundwater 

level may be between 0 and 17 metres thick. 

Groundwater/contaminant flux (i.e. flow velocity/rate) in this aquifer is expected to be in 

the region of 3.5 m/y in a north-easterly direction, which is considered to be relatively slow.  

Please note that the weathered zone aquifer system is undeveloped in areas where the 

groundwater level is deeper than the contact between the weathered zone and fresh 

bedrock. 

5.7.2 Geological structures (fractured Karoo rock aquifer) 

Dykes and faults are known to occur throughout the project area, which may act as preferred 

pathways for contamination.  The crystalline nature of an igneous dyke is characteristic of 

an aquiclude, however rapid cooling during intrusion caused highly transmissive fracture 

zones to form along the contact between the intrusive and surrounding rock. 

The flow rate of 3.5 m/y calculated for the weathered zone aquifer may increase by several 

orders of magnitude should a transmissive geological structure be located in the down 

gradient groundwater flow direction and also orientated parallel to the local flow direction. 

 

5.8 Potential Receptors of Contamination 

A receptor of groundwater contamination usually occurs in the form of a groundwater user 

that relies on groundwater for domestic, irrigation or livestock watering purposes.  Surface 

water features (stream, river, dam, etc.) that rely on groundwater base flow for the 

sustainment of the aquatic environment are also considered to be important receptors. 

Numerous user boreholes were located during the hydrocensus/user surveys and their 

positions are indicated in Figure 5-1.  Five boreholes are located within a one kilometre radius 

of the proposed new opencast pit. Four of these boreholes will be demolished during the life 

of mine (EF, EBA03, EBA30/KGA39 and KGA40), while borehole KGA41 is located in the up 

gradient groundwater flow direction. Please note that only boreholes EBA30/KGA39 and 

KGA40 were however in use at the time of the surveys. 

No major or perennial rivers/streams are located within close proximity of the proposed new 

mining activities that may potentially act as receptors. 
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5.9 Summary of Conceptual Model 

A vertical cross section through the proposed opencast pit from west to east is provided in 

Figure 5-9. Based on our assessment of all groundwater related aspects and previous 

groundwater studies, we conceptualize the hydrogeological system underlying the proposed 

new mining activities as follows: 

 The project area falls within the summer rainfall region of South Africa and receives 

on average ±669 mm of rainfall per year. 

 The surface topography can be described as being undulating with a vertical 

difference of nearly 160 metres between the lowest and highest surface elevations. 

 The non-perennial Dwars-in-die-wegvlei and tributaries of the Bronkhorstspruit cut 

through the western and eastern sections respectively of the Eloff MRA, while the 

same Bronkhorstspruit tributaries also cut through the MRA of the Kangala Colliery. 

 The project area is underlain by sedimentary rocks (mainly shale, sandstone and coal) 

of the Karoo Supergroup’s Vryheid Formation (Ecca Group), as well as localized post-

Karoo dolerite intrusions. 

 Three aquifer systems are present, namely a shallow aquifer composed of soil and 

weathered bedrock, a deeper fractured rock aquifer hosted within the 

solid/unweathered Karoo Supergroup bedrock and a dolomitic aquifer associated with 

the underlying Transvaal Supergroup rocks (Malmani Subgroup). 

 The dolerite intrusions have a significant effect on the hydrogeology of the area. 

According to Vivier (1996) the two main advantages of intrusions are that they are 

easily located using geophysics and that they are usually surrounded by fracture 

zones. The disadvantages listed by Vivier (1996) are that due to the impermeable 

nature of the intrusion the aquifer is divided into compartments where little or no 

inter-compartmental flow can occur, and also the intrusion will act as a no-flow 

boundary resulting in drawdown and recovery rates of boreholes nearby being larger 

than desired for a production borehole. 

 At this point in time there remains an uncertainty as to the degree of interaction 

between the dolomitic aquifer and the overlying Karoo Supergroup aquifer/s (Ecca 

Group), however the general believe is that the low hydraulic properties of the Dwyka 

Group rocks (mainly tillite) that separate the dolomite from the overlying Vryheid 

Formation greatly restricts inter-aquifer flow (if any). 

 The saturated hydraulic conductivity of the fractured rock aquifer (Ecca Group) was 

found to vary between 1x10-1 and 1x10-3 m/day, while a hydraulic conductivity of 

between 10 and 100 m/day is considered representative of the dolomitic aquifer 

(Malmani Subgroup). 
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 The shallow weathered zone aquifer receives on average approximately 3% recharge 

from rainfall, while the fractured Karoo Supergroup aquifer/s receives between 1 and 

3%. Where dolomite outcrop occurs, recharge is expected to vary between 2 and 6% 

of the mean annual rainfall. 

 Natural groundwater flow in the project area is mainly towards the north-east, 

however, groundwater flow west of the site is also west and north-west. 

 Groundwater levels generally vary between ±2.4 and 58 mbs with the average being 

nearly 14 mbs. 

 Groundwater is considered to be of potable quality according to the South African 

National Standards (SANS 241:2015) for drinking water. 

 The planned opencast pit and subsequent waste rock stockpiles are considered to be 

potential sources of poor quality leachate. The detailed waste classification that was 

done by Digby Wells in 2017 (Section 5.5) revealed that the targeted coal and waste 

rock material that would typically be generated by the proposed new mining 

activities should however only produce small amounts of acid when exposed to oxygen 

and water. 

 Numerous groundwater user boreholes were located during the hydrocensus/user 

surveys, five of which are located within a one kilometre radius of the proposed new 

opencast pit. Four of these boreholes are located in the pit and/or waste rock 

stockpile footprint areas and will be demolished during the life of mine (EF, EBA03, 

EBA30/KGA39 and KGA40) - note that only boreholes EBA30/KGA39 and KGA40 were 

in use at the time of the surveys. Borehole KGA41 on the other hand is situated in 

the up gradient groundwater flow direction. 

 No major or perennial rivers/streams are located within close proximity of the 

proposed new mining activities that may potentially act as receptors of 

contamination. 
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Figure 5-9: Vertical cross section through the proposed opencast pit from west to east

 

Kangala operations 
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6 NUMERICAL GROUNDWATER MODEL 

6.1 Model Restrictions and Limitations 

The numerical groundwater model is a simplified representation of the very complex and 

heterogeneous interacting aquifer systems underlying the project area. The integrity of a 

numerical model depends strongly on the formulation of a sound conceptual model and the 

quality and quantity (distribution, length of records etc.) of input data. 

Where accurate long term monitoring and test data over the entire project area are not 

available; the model results should be regarded as providing qualitative rather than 

quantitative results and also need to be verified and updated regularly by means of a 

comprehensive groundwater monitoring program. Nonetheless, a numerical model can be 

used quite successfully to assess the effectiveness of various management and remediation 

options/techniques, especially if the shortcomings in information and assumptions made in 

the construction and calibration of the model are clearly listed and kept in mind during 

modelling. 

All available information regarding the geological makeup (especially geological structures) 

of the project area was considered in the construction of the numerical model. Geological 

structures such as dykes and faults, because the aquifer is of a secondary fractured nature, 

usually have higher transmissivities in comparison to the host rock and serve as preferred 

flow paths or conduits for groundwater movement. Note that no detailed structural geological 

information was available at the time of submission of this report, therefore modelling (i.e. 

updating of the model) should be an ongoing process as new information becomes available 

with time. 

 

6.2 Model Domain and Boundary Conditions 

The Processing Modflow 8 modelling software was used for the model simulations, which is a 

finite difference type model capable of performing multi-layered (3-dimensional) flow and 

contaminant transport simulations.  It uses the MODFLOW algorithm for the flow modelling, 

while the MT3DMS algorithm used for the contaminant transport simulations.  The finite 

difference model grid is indicated in Figure 6-1. Model dimensions and aquifer parameters 

used in the construction and calibration of the model are provided in Table 6-1. 

The following model boundaries were used to define the model area and are also indicated 

in Figure 6-1: 

 No-flow boundaries in a model, as in nature, are groundwater divides (could be 

correlating to topographic highs) and geological structures (dykes) across which no 

groundwater flow is possible. 
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 General head boundaries are boundaries through which groundwater movement is 

possible.  The rate at which the groundwater moves through the boundary depends 

on the groundwater gradients as well as the hydraulic conductivities on opposite sides 

of the boundary position. 

Table 6-1: Model dimensions and aquifer parameters 
 

Grid size 
Easting = 9 080 m 
Northing = 11 580 m 

Rows and Columns Rows = 579, Columns = 454 

Cell size 20m by 20m 

Number of layers 3 

Transmissivity: Weathered zone aquifer 
                       Fractured Karoo aquifer 
                       Dolomitic aquifer 

1.3 m2/day 

0.35 m2/day 

5.0 m2/day 

Specific yield: Weathered zone aquifer 0.05 

Storage coefficient: Fractured Karoo aquifer 
                              Dolomitic aquifer 

0.002 

0.009 

Effective porosity: Weathered zone aquifer 
                            Fractured Karoo aquifer 
                            Dolomitic aquifer 

8% 

4% 

12% 

Recharge 1.5 – 1.9% of MAP 

 

The conceptual model as summarised in Section 5.9 formed the basis for both the numerical 

flow and contaminant transport models.  

 

6.3 Model Calibration Results 

During the steady state calibration of the flow model changes were made to mainly the 

aquifer hydraulic property, transmissivity and effective recharge (Table 6-1) until an 

acceptable correlation was achieved between the observed groundwater elevations and those 

simulated by the model. Groundwater level information obtained from the hydrocensus/user 

surveys was used in the calibration process.  A good correlation (i.e. root mean square error 

or RMSE of ±2.7) was achieved with the calibration of the flow model and the results are 

provided in Figure 6-2. 

The good correlation suggests that the simulated water levels in the simplified model 

simulation are closely representing the actual water levels. Model predictions in reasonable 

time frames should provide results to acceptable levels of confidence. However, it should be 

noted that areas do exist where very little or even no water level information is available, 

which combined with the highly heterogeneous nature of the fractured rock aquifer are bound 

to result in over- and/or underestimations of the groundwater elevations. 
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The calibrated groundwater elevations were exported from the flow model and used to 

construct a contour map of the steady state groundwater elevations (Figure 6-3).  The lowest 

groundwater elevations were simulated to occur in the north-eastern down gradient 

direction. 
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Figure 6-1: Numerical model grid 
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Figure 6-2: Numerical flow model calibration results 
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Figure 6-3: Model simulated steady state groundwater elevations (mamsl) 
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6.4 Flow Model 

Impacts on groundwater levels are expected to occur as a result of pit dewatering. The flow 

model was therefore used to simulate this potential impact. The extent of the groundwater 

level impacts is governed by the hydraulic properties (transmissivity) of the aquifer host rock, 

storativity and time.  The influence of transmissivity on the radius/extent of the cone of 

depression (water level impact) is explained by means of the following equation (Bear, 1979):  

 R(t) = 1.5(Tt/S)1/2 

Where  R = Radius (m), 

  T = Aquifer transmissivity (m2/d), 

  t  = Time (days), 

  S = Storativity. 

From the equation it is clear that an increase in transmissivity will lead to an increase in the 

radius of influence (extent of depression cone). Impacts on groundwater levels are therefore 

expected to extend along transmissive geological structures, which is why structural 

geological information plays such an important role in the construction of an accurate flow 

model. Furthermore, such structures may also greatly increase groundwater discharge into 

the mine void. 

A stress period in the model is a period where groundwater flow and contaminant transport 

conditions are constant.  All time dependent parameters in the model, like drains, rivers, 

aquifer recharge, contaminant sources, sinks and contaminant concentrations remain 

constant during the course of a stress period. The total model simulation runtime of 61 years 

was subdivided into thirteen individual stress periods: 

Stress 
period 

Simulation 
time 

Comments 

1 - 3 3 Years 
Simulate active opencast mining of only the Kangala coal 

reserves directly east of the Eloff Block. 

4 - 11 8 Years 

Mining of Kangala coal reserves ceases at the end of stress 
period 4, while opencast mining of the Eloff Block was 

simulated from stress period 4 through to the end of stress 
period 11. 

11 - 13 50 Years 
Simulate post closure impacts, especially in terms of 

groundwater quality (contaminant migration). 

 

In order to better indicate the impact of the planned opencast mining activities on the 

surrounding groundwater levels (drawdown), initial groundwater elevations were subtracted 

from the simulated groundwater elevations at mine closure. 
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The difference between these two data sets therefore represents the expected total 

groundwater level drawdown over the operational life of the mine.  This data was used to 

construct a contour map of the model simulated groundwater depression cone, which is 

indicated in Figure 7-2. Groundwater user boreholes located within the MRAs are indicated 

in the abovementioned figure with the use of black placemarks. 

 

6.5 Contaminant Transport Model 

The calibrated flow model was used as a basis for the contaminant transport model, which 

was constructed to simulate the migration of contaminants from the contaminant source 

areas towards the surrounding aquifer system. The potential source areas listed and discussed 

in Table 5-16 were simulated in the contaminant transport model. Waste rock is planned to 

be placed back into the pit during backfilling and all waste rock stockpiles were consequently 

excluded from the post-closure model simulations. 

Please note that most source areas (if practically possible) are lined with some form of a clay 

or synthetic liner, covered with concrete or have a subsurface drainage system installed to 

prevent contamination from entering the underlying aquifer and eventually contaminating 

the groundwater. Source areas (i.e. waste rock and coal stockpiles) were however simulated 

without any such form of lining and the model results are therefore considered to be 

representative of a worst case scenario. 

In order to better indicate the impact of the potential sources on the surrounding 

groundwater quality conditions, contamination contours were exported from the contaminant 

transport model after a 25 (Figure 7-4) and 50 (Figure 7-5) years post closure simulation 

runtime. 

The contamination was simulated by applying contaminated recharge to the entire surface 

areas of the contaminant source areas. Source concentrations were based on the results of 

the geochemistry and waste classification study that was conducted by Digby Wells in 2017. 

All source areas were assigned a Total Dissolved Solids (TDS) concentration of 1 500 mg/l, 

similar to what was used by Head Waters in their February 2018 study for the Middelbult 

Expansion Project. 
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7 GROUNDWATER IMPACTS 

Groundwater impacts, both in terms of quality and quantity, were simulated/predicted with 

numerical flow and contaminant transport models. All aspects pertaining to these models 

(construction, calibration, etc.) are discussed in detail in Section 6 of this report. 

 

7.1 Environmental Impact Significance Rating Methodology 

This part of the geohydrological input to the EMP report describes and evaluates the potential 

impact/s associated with the planned new opencast mining activities. The criterion used for 

the risk evaluation is provided in Table 7-1. 

According to the Information Series 5: Impact Significance of the Integrated Environmental 

Management Information Series (Department of Environmental Affairs and Tourism, 2002): 

‘The concept of significance is at the core of impact identification, prediction, evaluation 

and decision-making. Deciding whether a project is likely to cause significant environmental 

effects is central to the practice of EIA.’ 

Impact assessment is therefore based on the description of an impact, the significance of this 

impact, and how the impact can be managed.  Impact assessment and management measures 

must be based on the requirements as set out in the relevant regulations and guidelines of 

the National Environmental Management Act No 107 of 1998 (as amended), the Minerals and 

Petroleum Resources Development Act No 28 of 2002 (as amended) and the National Water 

Act No 36 of 1998 (as amended). 

It must be noted that many of the potential negative consequences can be mitigated 

successfully.  It is however necessary to make a thorough assessment of all possible impacts 

in order to ensure that environmental considerations are taken into account in a balanced 

way, thus supporting the aim of minimising adverse impacts on the environment. 

Table 7-1: Criteria for assessing the impact 
 

Description Rating 

Magnitude 

Not applicable/none/negligible 0 

Minor 2 

Low 4 

Moderate 6 

High 8 

Very high/don’t know 10 

Duration 

Not applicable/none/negligible 0 

Immediate 1 

Short-term (0-5 years) 2 

Medium-term (5-15 years) 3 
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Description Rating 

Long-term (ceases with the operational life) 4 

Permanent 5 

Scale 

Not applicable/none/negligible 0 

Site only 1 

Local 2 

Regional 3 

National 4 

International 5 

Probability 

Not applicable/none/negligible 0 

Improbable 1 

Low probability 2 

Medium probability 3 

Highly probable 4 

Definite/don’t know 5 

Significance 

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

 

7.2 Construction Phase 

The proposed new mining activities are an expansion of the already existing Kangala Colliery 

and only include additional opencast excavation (access to the opencast cut and removal of 

overburden) and stockpiling overburden or waste rock material. All existing mining and 

related infrastructure will be utilised throughout the life of mine and have already been 

included and approved in previous EMP and EIA studies. 

The impact on the groundwater system is seen as insignificant due to the short duration of 

this phase. No additional support and processing infrastructure will be constructed for this 

project. 

 

7.3 Operational Phase 

7.3.1 Groundwater quantity (groundwater level drawdown) 

The planned opencast mining (pit floor) is expected to intersect the local groundwater table 

from year one, resulting in groundwater influx and therefore necessitating pit dewatering. 

The mining depth varies between approximately 18 and 58 metres below the groundwater 

table, with the average being more or less 37 metres (Figure 7-1).  
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The pit dewatering will result in the partial dewatering of the aquifer, a lowering of the 

surrounding groundwater levels and the formation of a groundwater depression cone.  

An area of approximately 9 km2 was simulated to be affected by the pit dewatering activities, 

i.e. area simulated to experience decreases in groundwater levels during the life of mine 

(Figure 7-2). Eight boreholes are located within this model simulated affected area and their 

positions are also indicated in Figure 7-2. Four of these boreholes (EBA03, EF, KGA40 and 

KGA41) are user boreholes that were located during the hydrocensus/user surveys, while the 

remaining four (KAM04, KAM05, KAM07 and KGA39) are dedicated monitoring boreholes for 

the Kangala Colliery. Boreholes EF, EBA03, EBA30/KGA39 and KGA40 are located within the 

proposed pit and stockpile footprint areas and will be demolished at some point during the 

life of mine - note that only boreholes EBA30/KGA39 and KGA40 were in use at the time of 

the surveys. The model results/predictions need to be verified and updated regularly by 

means of a comprehensive groundwater monitoring program as outlined in Section 8 of this 

report. 
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Figure 7-1: Depth of pit floor below local groundwater table 
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Figure 7-2: Model simulated groundwater depression cone at mine closure
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7.3.2 Groundwater mine inflow volumes 

The groundwater flow model was also used to simulate/predict the volume of groundwater 

mine inflow during the life of mine (Table 7-2). The mine dewatering was modelled using 

drain cells with elevations that correlate with pit floor elevations. Simulated groundwater 

inflow varies between ±80 m3/d (0.9 l/s) and 280 m3/d (3.2 l/s) over the life of mine. 

Table 7-2: Model simulated groundwater mine inflow volumes 
 

Year Volume (m3/d) Volume (l/s) 

1 160 1.9 

2 110 1.3 

3 160 1.9 

4 250 2.9 

5 80 0.9 

6 120 1.4 

7 170 2.0 

8 280 3.2 

9 150 1.7 

10 150 1.7 

11 140 1.6 

 

Note that detailed structural geological information was not available at the time of 

submission of this report. Such structures have the ability to significantly affect groundwater 

mine inflow volumes and it is therefore strongly recommended that the above volumes be 

revised should such information become available in the future. 

7.3.3 Groundwater quality (plume migration) 

The model simulated contaminant plume (TDS) at mine closure is indicated in Figure 7-3. The 

general low hydraulic properties of the Karoo aquifer underlying the MRA is expected to limit 

the potential groundwater quality impacts associated with the opencast pit and waste rock 

stockpiles. 

The groundwater depression cone discussed and illustrated in Section 7.3.1 will affect local 

groundwater flow directions and cause groundwater and any potential contamination within 

this affected area to move inwards towards the pit, i.e. the pit effectively acts as a sink for 

both groundwater and contamination and will continue to do so until water levels have 

recovered from the impacts of pit dewatering. Any migration of contamination away from 

the opencast pit will only occur after groundwater levels have recovered. 

The waste rock stockpiles are located within the area affected by pit dewatering 

(groundwater depression cone), which is why their plumes were simulated to migrate in the 
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direction of the opencast pit (Figure 7-3). An area (including entire footprint areas) of nearly 

3.5 km2 was simulated to be affected by the contamination. 
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Figure 7-3: Simulated plume migration at mine closure
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Table 7-3: Impacts on groundwater during operational phase 
 

POTENTIAL ENVIRONMENTAL IMPACT ACTIVITY 

ENVIRONMENTAL 
SIGNIFICANCE 

BEFORE 
MITIGATION 

RECOMMENDED MITIGATION MEASURES / 
REMARKS 

ENVIRONMENTAL 
SIGNIFICANCE  

AFTER 
MITIGATION 

TOTAL SP TOTAL SP 

Groundwater quantity 

Opencast mining is planned to occur below 
the local groundwater table, meaning that an 
influx of groundwater is expected from year 
one of mining. Pit dewatering is therefore 
envisaged, which will ultimately lead to a 
lowering of the local groundwater levels (i.e. 
dewatering of the aquifer). 

Opencast 
mining 

40 M 
Pit dewatering will be necessary to ensure dry and safe 
working conditions, therefore no mitigation measures are 
available. 

40 M 

Groundwater quality 

The detailed waste classification that was 
done by Digby Wells in 2017 (Section 5.5) 
revealed that the targeted coal (Seam 3) and 
waste rock material that would typically be 
generated by the proposed new mining 
activities should only produce small amounts 
of acid. Leachate from coal and waste 
material stockpiles should therefore be of 
marginal quality. 

Coal and waste 
stockpiling 

45 M 

Surface areas should be lined to prevent poor quality 
seepage from reaching and contaminating the underlying 
groundwater. Surface areas should be bunded to prevent 
clean surface water runoff from being contaminated by 
dirty surface areas. Stockpiles and dirty footprint areas 
should be kept as small as practically possible. 

24 L 
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7.4 Decommissioning/Closure Phase 

During this phase it is assumed that active mining has ceased and all surface contaminant 

sources (i.e. waste stockpiles) have been removed and no longer pose a threat to the 

underlying aquifer. The activities are therefore centred around the rehabilitation of areas 

that were affected or altered during the life of mine. No additional impacts other than 

discussed in Section 7.3 are therefore envisaged for the decommissioning phase of the 

project. 

 

7.5 Post Closure Phase 

The only remaining source of contamination is the rehabilitated opencast pit area. No further 

adverse impacts on groundwater levels are envisaged as groundwater levels are allowed to 

recover from the impacts of pit dewatering after the decommissioning/closure phase. After 

groundwater levels have recovered and a new groundwater level equilibrium has been 

established, contamination from the rehabilitated pit will begin to migrate in the down 

gradient groundwater flow direction. During this project phase the emphasis is therefore 

placed on groundwater quality impacts rather than quantity.  

7.5.1 Groundwater quality (plume migration) 

The contaminant transport model was used to simulate/predict the post closure migration of 

contamination plumes, more specifically 25 (Figure 7-4) and 50 years (Figure 7-5) after 

closure. 

Although the waste stockpiles were removed from the model simulations, residual 

contamination from these historical source areas was simulated to continue to migrate 

towards the rehabilitated pit even after 25 years. Groundwater levels were simulated to have 

largely recovered from the impacts of pit dewatering at 50 years post closure, resulting in 

the pit no longer acting as a sink. Contamination was consequently simulated to follow pre-

mining flow directions/patterns, which because of a local groundwater divide are towards 

both the north-east and north-west. Contamination was simulated to have migrated an 

average distance of approximately 300 meters, which calculates to an average local advective 

groundwater transport velocity of 6 metres per year. This is somewhat higher than the 

average groundwater flow velocity calculated for the conceptual model and is believed to be 

the result of the increased rainfall infiltration over the backfilled opencast resulting in a 

water mound and the consequent increase in local groundwater gradients around the 

opencast pit. 

Contaminant plume concentrations (TDS) were simulated to increase over time, i.e. ±850% 

increase from mine closure to 25 years post closure and a further ±120% increase over the 

next 25 years to reach ±1 300 mg/l. 
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Please note that groundwater user and mine monitoring boreholes are represented by black 

placemarks in Figure 7-4 and Figure 7-5. At 50 years post closure no user boreholes were 

simulated to be affected by the contamination. The contamination plume was simulated to 

reach the two Bronkhorstspruit tributaries located to the north and south of the proposed 

opencast pit (maximum plume TDS concentration of around 280 mg/l), however both these 

streams are non-perennial and should not receive contaminated groundwater baseflow (i.e. 

no impact envisaged). 
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Figure 7-4: Simulated plume migration at 25 years post closure 
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Figure 7-5: Simulated plume migration at 50 years post closure 
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7.5.2 Pit water decant 

Decanting of a mine void generally occurs because of an excess volume of water that cannot 

be “absorbed” by the aquifer system. This excess water is generated by the increase in 

recharge over the disturbed backfilled mining area.  

Decanting can however be prevented by simply controlling the water level. This is done by 

drilling a borehole into the deepest part of the rehabilitated pit, and when necessary, 

abstracting water from it to lower the water level and thus keeping it below the decant 

elevation.  Another method involves leaving a void open at the decant position, which will 

allow evaporation to keep the water level below the decant elevation. It is recommended 

that a study is undertaken on the feasibility of a final void to control surface decant. Based 

on first order calculations and an evaporation rate of ±1 700 mm/a (Water Resources of South 

Africa, 1990), the size of the void should be in the order of 70 430 m2. 

During decommissioning, and for a certain time after closure, the geohydrological 

environment will dynamically attain a new equilibrium after the dewatering effects of the 

opencast workings. Decant predictions in an opencast mining environment is affected by the 

following: 

 The mean annual precipitation (MAP), 

 Recharge to the mine void, expressed as a percentage of the MAP.  Recharge on the 

other hand is affected by: 

o The size of the surface area disturbed by mining activities, 

o The permeability of the backfill material, 

o Surface water runoff, 

 The overall porosity of the rehabilitated pit area, 

 The groundwater contribution to pit water, which is determined by the hydraulic 

properties of the surrounding aquifer host rock/s. 

The groundwater gradient within a rehabilitated opencast pit is generally very close to being 

zero because of the high permeability of the backfill material. Decanting of an opencast pit 

is therefore most likely to occur wherever the pit intersects the lowest surface elevation. 

The expected time it will take the proposed pit to fill with water after mine closure was 

calculated with the use of volume/recharge calculations and the results are provided in Table 

7-4. The most probable decant position is also indicated on Figure 7-6. 

Post closure decanting of the rehabilitated pit is expected to occur at a surface elevation of 

1 589 metres above mean sea level (mamsl) and at a predicted rate of approximately 119 728 

m3/y, or 3.8 l/s. 
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The decant water is expected to be of marginal quality (Section 5.5), but should be treated 

as potentially hazardous due to the oxidation of metal sulphide minerals (i.e. acid mine 

drainage). The decant water will seep vertically through the unsaturated zone until reaching 

the water table, from where it will follow the groundwater hydraulic gradient towards the 

north-west and north-east in the direction of two tributaries of the Bronkhorstspruit. Both 

these streams are non-perennial and should therefore not receive contaminated groundwater 

baseflow (i.e. no impact envisaged). 

Table 7-4: Time-to-fill calculations 
 

General information 

  Units Eloff Block 

Surface area m2 2 213 900 

Decant elevation mamsl 1 589 

Total void volume m3 102 248 100 

Mean annual rainfall m/a 0.669 

Backfilled void volume 

20% Porosity m3 20 449 620 

25% Porosity m3 25 562 025 

30% Porosity m3 30 674 430 

Recharge/Decant rate 

6% Recharge m3/y 89 796 

8% Recharge m3/y 119 728 

10% Recharge m3/y 149 660 

Time to fill 

Most probable scenario 
(25% Ø and 8% RCH) 

Years 182 

 
Notes: Ø = Porosity, 

 RCH = Recharge. 
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Figure 7-6: Most probable decant position 
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Table 7-5: Impacts on groundwater during post closure phase 
 

POTENTIAL ENVIRONMENTAL IMPACT ACTIVITY 

ENVIRONMENTAL 
SIGNIFICANCE 

BEFORE 
MITIGATION 

RECOMMENDED MITIGATION MEASURES / 
REMARKS 

ENVIRONMENTAL 
SIGNIFICANCE  

AFTER 
MITIGATION 

TOTAL SP TOTAL SP 

Groundwater quality 

Even though the waste rock stockpiles have 
been rehabilitated, the down gradient 
movement of residual contamination will 
continue for some time after closure. 

Rehabilitated 
waste rock 
stockpiles 

21 L 

Dedicated plume monitoring boreholes should be drilled in 
the down gradient groundwater flow direction and sampled 
at quarterly intervals to monitor plume migration. Should 
the monitoring program indicate significant plume 
migration, interception trenches and/or rehabilitation 
boreholes may be considered. 

14 L 

Down gradient movement of contamination 
away from the rehabilitated opencast pit. 

Rehabilitated 
opencast pit 

45 M 

Material most likely to generate acidic leachate should be 
placed in the deepest parts of the pit, or at least below 
the pre-mining groundwater elevation to minimise the 
oxidation of metal sulphides (pyrite). Dedicated plume 
monitoring boreholes should be drilled in the down 
gradient groundwater flow direction and sampled at 
quarterly intervals to monitor plume migration. Should the 
monitoring program indicate significant plume migration, 
interception trenches and/or rehabilitation boreholes may 
be considered. 

21 L 

Decanting of potentially poor quality water 
from the backfilled opencast pit. 

Rehabilitated 
opencast pit 

65 H 

A monitoring borehole should be drilled into the 
rehabilitated opencast pit to monitor the rate at which it 
fills with water. This same monitoring borehole can also be 
used to manage the water levels and prevent the pit from 
decanting. The pit should be flooded as quickly as possible 
to minimise the oxidation of metal sulphides (AMD). Once 
the pit is flooded, surface water should be diverted away 
from it. A final void is however the preferred method of 
managing the post closure decant.  

13 L 
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8 GROUNDWATER MONITORING PROGRAM 

Groundwater monitoring should be conducted to assess the impacts of the proposed new 

mining activities on groundwater quality and quantity (water levels). 

Groundwater monitoring (i.e. sampling and water level measurements) should be conducted 

at quarterly intervals. This monitoring schedule should be re-assessed by a qualified 

geohydrologist at a later stage in terms of stability of water levels and quality. If the sampling 

program requires changes, it should be done so in consultation with the appropriate 

authorities. 

At first only source monitoring boreholes in close proximity to the potential sources of 

groundwater contamination are necessary. Only after the source monitoring program has 

positively identified a pollution breakthrough would additional plume monitoring boreholes 

be required further away (down gradient) from the now confirmed sources. A minimum of 

three source monitoring boreholes are recommended and their positions are indicated in 

Figure 8-1. More information regarding these three boreholes is provided in Table 8-1. 

Groundwater samples should be analysed for chemical and physical constituents normally 

associated with coal mining (Table 8-2). 

Table 8-1: Summary of proposed source monitoring boreholes 
 

BH 

Coordinates 
(WGS 84) 

Elevation 
(mamsl) 

Depth 
(m) 

Comments 

South East 

KMBH01 -26.21489 28.63388 1 607 30 Up gradient from mining activities 

KMBH02 -26.21419 28.64626 1 594 30 
Down gradient from waste rock 

stockpiles 

KMBH03 -26.20885 28.64971 1 589 30 
Down gradient from decant 

position 

 

Table 8-2: Groundwater constituents for routine analysis 
 

Monitoring Variable 

Quarterly 
EC, pH, TDS, total hardness, total alkalinity, calcium, magnesium, 
sodium, potassium, chloride, sulphate, fluoride, nitrate, iron, 
manganese, aluminium and turbidity. 

 

Laboratory results should be assessed against the target water quality guidelines for domestic 

use (SANS 241:2015), the aquatic environment, livestock watering and irrigation. 

Monitoring results should be entered into an electronic database and at no less than one 

quarterly interval, allowing: 

 Data presentation in tabular format, 

 Time-series graphs with comparison abilities, 
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 Statistical analysis (minimum, maximum, average, percentile values) in tabular 

format, 

 Graphical presentation of statistics, 

 Linear trend determination, 

 Performance analysis in tabular format, 

 Presentation of data, statistics and performance on diagrams and maps, and 

 Comparison and compliance to target water quality guidelines. 

The quarterly report should be an update of the database with time-series graphs and 

statistical analysis (average, maximum, minimum, 5 -, 50 – and 95 percentile values as well 

as linear performance).  Data should also be presented in a map format to present a clear 

picture of the water quality situation. Furthermore, a detailed annual evaluation report on 

the groundwater monitoring results should be prepared to investigate trends and non-

compliance over the past monitoring year. 

In terms of flow, all water uses and discharges should be measured on an ongoing basis and 

typically include: 

 Volumes of groundwater seepage into the opencast pit, and 

 Volumes of contaminated water used for dust suppression. 

As far as possible, the same monitoring points should be used during all mining/project phases 

to develop a long data record, which will enable trend analysis and recognition of progressive 

impacts with time. 

The following maintenance activities should be adhered to: 

 Monitoring boreholes should be capped and locked at all times, 

 Borehole depths should be measured quarterly and the boreholes blown out with 

compressed air, if required and 

 Vegetation around the boreholes should be removed on a regular basis and the 

borehole casings painted, when necessary, to prevent excessive rust and degradation. 
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Figure 8-1: Conceptual positions of source monitoring boreholes 
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9 RECCOMENDATIONS 

The following recommendations are made: 

 A geophysical survey should be conducted across the proposed mine infrastructure, 

i.e. opencast pit and waste rock stockpile, to assess the presence of preferential 

pathways; 

 Aquifer testing should be conducted on the proposed monitoring boreholes in Section 

8 to obtain site specific aquifer parameters; 

 The numerical flow and contaminant transport model should be updated with the site 

specific aquifer parameters;  

 Areas exist within Eloff’s mining rights area to which access was still denied by the 

property owners at the time of submission of this report. No information (e.g. 

groundwater level, quality, etc.) is therefore available for these areas, which is 

considered to be a data gap – one that needs to be addressed as soon as practically 

possible; 

 A study should be undertaken to determine the feasibility of a final void to 

control/manage post closure decant of the rehabilitated opencast pit; and 

 The Delmas Coalfield (especially the targeted Bottom Seam) is complex and difficult 

to correlate with the Witbank Coalfield that hosts the Kangala Colliery coal reserves. 

The possibility therefore exists that the geochemistry of coal and waste material from 

the Eloff Block may differ from that of Kangala and a dedicated site specific 

geochemical investigation is consequently recommended. Such an investigation is in 

the process of being conducted by EIMS, however the results were still unavailable at 

the time of submission of this report. 
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