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EXECUTIVE SUMMARY 

 

Introduction 

 

Future Flow GPMS cc was contracted by Cabanga Environmental to conduct a geohydrological 

investigation for the Schurvekop Colliery. Mmakau Coal (Pty) Ltd currently holds the prospecting 

right (1063PR) for coal over Portions 6, 8, RE of 15, 16, 17, 18, 19 and 20 of the farm Schurvekop 

227 IS near the town of Bethal within the Mpumalanga Province. 

 

The Schurvekop Resource will be mined using a mechanized board and pillar mining method using 

continuous miners. The underground will be accessed via a boxcut adit. The high walls and 

sidewalls of the box-cut will be terraced where necessary. Entries will generally be limited via two 

or three portals, allowing for conveying and travelling, as well as return airways and escape routes. 

 

Coal will be transferred from the underground to surface by means of a conveyor belt, whereby it 

will be sent to the plant area for processing (crushing, screening and if feasible washing). Product 

coal will be sized and stockpiled in designated areas for pre-qualification prior to being trucked to 

market. 

 

Mine residue from the plant will be disposed of onto an integrated disposal dump. The plant will run 

24/7. The water component will report to the PCD via dirty water trenches and form part of the 

process water on site. 

 

The primary product will be produced for the Eskom market and if export prices improve sufficiently 

then a dual product for the international export market and for the Eskom market will be produced. 

 

Desktop studies and a site specific baseline assessment including hydrocensus, geophysical 

survey, drilling and aquifer testing of five groundwater boreholes, groundwater chemical analysis, 

and a geochemical analysis of the material that will be handled on site were used to characterise 

the baseline groundwater environment and develop a conceptual groundwater flow and 

contaminant transport model of the study area. A 3D numerical groundwater flow and contaminant 

transport model based on the conceptual model was used to perform the environmental impact 

assessment. 

 

General site description 

 

Topography is gently undulating in the proposed mining area with elevations ranging between 

1 580 to 1 630 mamsl. Topography dips at gradients of between 1:50 and 1:100 towards the 

streams that occur in the area. 

 

The study area falls within Water Management Area 4 (WMA4), Olifants River. The mining area 

falls within the V11A quaternary catchment. The Viskuile River flows through the proposed Mining 

Right Area. To the south and east of the underground mining area the Joubertsvleispruit drains the 

area before it joins the Viskuile River. East of the mining area an unnamed non-perennial tributary 
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to the Viskuile River drains the study area. Associated with this stream is a prominent wetland 

area. To the north of the site the Viskuile River and the unnamed tributary to the Viskuile River join 

the Olifants River. 

 

Seep wetlands have been identified along the western and north eastern portions of the project 

area and a pan (depression wetland) has been identified on the southern portion of the project 

area. Floodplain wetlands are also associated with the Viskuile River. 

 

Prevailing groundwater conditions 

 

Geology 

 

Regional geology 

 

South Africa is host to 19 coalfields. The largest of these coalfields by coal reserves are the 

Highveld and Witbank coalfields, followed by Ermelo and Waterberg where bituminous coal 

dominates. The Highveld Coalfield is the second most important coalfield, after the Witbank 

Coalfield. There are normally five major coal seams developed. 

 

The Schurvekop project area is situated in the north eastern extremity of the Highveld Coal field 

separated by the pre-Karoo Smithfield ridge from the Witbank Coal field to the north. The vast 

majority of coal beds occur in the Ecca Group with some minor coal seams in the Beaufort Group 

and the Molteno Formation as well. 

 

Rooiberg felsites as well as the Bushveld – Lebowa granites comprise the basement lithology. 

These basement rocks can be weathered to great depths indicating the surface exposure that they 

encountered in the past. Also abundantly encountered in this area is Diabase which has the same 

chemical composition as dolerite. A northwest – southeast trending paleo-valley, with steeply 

dipping contours in the northeast, can be seen traversing Schurvekop on the top of basement plan. 

A distinct paleo-ridge can be seen in the northeast. This paleo-ridge is in the same vicinity as the 

Koppie. The top of basement elevation ranges from 1480 to 1598 mamsl. 

 

Deposited above the basement rocks are sediments of glacial origin which were deposited by the 

continental ice sheets during Permo-Carboniferous times. Resulting from this erosional and 

depositional process were elongated low ridges and shallow valleys which influenced the 

depositional patterns. The sediments mentioned above formed the Dwyka Formation and where 

composed mainly of tillites and varvites. 

 

The top of Dwyka Formation elevation contours mirror that of the top of basement with elevations 

ranging from 1584 to 1578 mamsl. 

 

Deposited above the Dwyka Formation were arenaceous sequences of sandstones and 

conglomerates with subordinate siltstones, shales and coal seams. This sequence is referred to as 

the Vryheid Formation. 
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Local geology 

 

The No 1 Seam is only developed in the paleo-valley and ranges in thickness from 0.14 m to  

0.76 m. 

 

The No 2 Seam has been split into the No 2 Lower and No 2 Uppers Seams. The No 2 Lower 

Seam has been identified as one of the economically viable seams. The 2 Lower Seam thickness 

ranges from 0.65 m to 5.38 m. The thinner seam areas are associated with dolerite activity. The 

thicker seam is in located in the middle of the paleo-valley towards the north. Secondary 

mineralisation found within the seam is composed of pyrite, calcite on cleats and siderite. 

 

The floor is composed mainly of massive shale with occasional interlaminations of sandstone and 

siltstone. The roof is composed mainly of a course to medium grained sandstone which is 

described as massive and micaceous with pyrite inclusions. 

 

The No 3 Seam is found in an east west trending zone in the north of the project area and is 

sporadically developed towards the south with seam thicknesses varying from 0.04 m to 0.54 m. 

 

The No 4 Seam has been split into the No 4 Lower, No 4 Upper as well as the No 4A Seams. Of 

these three seams only the No 4 Lower is potentially economically viable even though its qualities 

as not high as those of the No 2 Lower Seam. 

 

The No 4 Lower Seam is thickest within the paleo-valley with thicknesses ranging between 0.90 m 

and 3.77 m. The thinner seam zones are associated with dolerite activity. There is a consistent in-

seam parting towards the top of the seam whose composition ranges from shale to sandstone with 

thicknesses varying between 0.02 m and 0.76 m. Besides the main parting there is minor in-seam 

partings scattered throughout. 

 

The roof of the No 4L Seam is the floor to the No 4 Upper Seam. It is composed mainly of 

interlaminated sandstone and siltstone which micaceous and carbonaceous. The burden between 

the No 4 Lower and Upper Seams varies from 0.06 m to 6.83 m. The depth to roof varies from  

17 m in the north to 67 m towards the south. 

 

The 4 upper seam has a distinct northeast – southwest trending zone which separates the thicker 

areas from the thinners ones. In the thicker western zone the seam thickness varies from 1.80 m to 

4.02 m with one anomalous borehole with a thickness of 0.40 m which was affected by dolerite 

activity. In the thinner eastern zone the seam thickness varies from 0.18 m to 0.64 m. The floor 

elevation mirrors that of the No. 4 Lower Seam. The depth to roof varies from 13 m in the north to 

61 m in the south. 

 

The No 4A Seam is only developed in the eastern area above the No 4 Upper Seam where the No 

4 Upper seam thins out. 
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The 5 seam is only present in topographic highs and has been eroded in lower lying areas. There 

is a consistent shale parting within this seam which renders it uneconomical. The No 5 Seam was 

only intersected in 5 boreholes in the prospecting right area. 

 

Geochemical analyses 

 

The testing that was done on the material complies with the National Environmental Management: 

Waste Act, 2008 (Act No. 59 of 2008) Waste Classification Regulations. The material handled on 

site is classified as a Type 3 waste. 

 

ABA testing show that AMD conditions are likely to form from both the coal seam and the waste 

rock material. 

 

Hydrogeology 

 

Two aquifers occur in the area, associated with the upper weathered material, and the underlying 

competent and fractured rock material. 

 

Upper weathered material aquifer 

 

Aquifer thickness recorded data shows that the upper aquifer has an average thickness of 

approximately 4.33 m, and can range between <1 and 9 m in thickness. Generally, it can be said 

that the yields of this aquifer during the rainy season can be around 1 to 3 L/s while sustainable 

yields will decrease markedly during the dry season. In some areas this aquifer will be laid 

completely dry during the dry season. 

 

The groundwater quality in undisturbed areas is good due to the dynamic recharge from rainfall. 

This aquifer is, however, more likely to be affected by contaminant sources situated on surface. 

 

Lower fractured rock aquifer 

 

Groundwater flows in the lower aquifer are associated with the secondary fracturing in the 

competent rock and as such will be along discrete pathways associated with the fractures. Faults 

and fractures in the sandstone and shale can be a significant source of groundwater depending on 

whether the fractures have been filled with secondary mineralisation. 

 

Aquifer transmissivities 

 

The aquifer transmissivities range between 0.1 and around 3 m2/day. The relatively low 

transmissivities measured in BH1 and BH2 (around 0.1 m2/day) reflect the general host geology. 

The relatively higher transmissivities measured from BH4 and BH5 (around 1 m3/day) represents 

fracture zones. The highest transmissivity seen in LC1 also reflect a fracture zone, possible a 

better developed zone than that seen in BH4 and BH5. 
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Groundwater levels 

 

There is a slight grouping in the depth to groundwater level in the area. The groupings are: 

 

 Depth to groundwater level to a maximum of 4.3 mbgl (associated with the weathered 

material aquifer); and 

 Depth to groundwater level of more than 6.5 mbgl (associated with the fractured rock 

aquifer). 

 

Plotting groundwater level elevation versus topographical elevation for this project area yields a  

99 % correlation between topographical and groundwater level elevations for the weathered 

material aquifer. Similarly, the fractured rock aquifer shows a 95 % correlation between the 

topographical and groundwater level elevations. 

 

Groundwater potential contaminants 

 

The underground mine area, overburden and topsoil stockpile areas, process water dams and 

waste rock stockpiles act as potential sources of contamination to the aquifers. For the purpose of 

this discussion it is assumed that good housekeeping such as storage of potentially hazardous 

material will be within properly constructed and lined or paved areas. Oil traps will be sized, 

operated and maintained to contain all discarded oil from working areas etc. 

 

The underground mine, surface stockpiles, and water management infrastructure is assumed to be 

a potential source of contamination due to acid mine drainage conditions forming as shown from 

the ABA testing that was done. 

 

Groundwater quality 

 

The groundwater qualities are quite good and comply with the SANS241:2015 drinking water 

guidelines. Only some individual element concentrations are slightly elevated in individual samples, 

which include: 

 

 Fluoride: The fluoride concentration is measured at 2.97 mg/L in borehole LC1, which 

exceeds the guideline value of 1.5 mg/L slightly; 

 Nitrate: The nitrate concentration in borehole Te Water BH1 (23 mg/L) exceeds the SANS 

241 guideline of 11 mg/L; 

 Aluminium: The elevated aluminium concentration in BH1 is measured at 0.39 mg/L, 

exceeding the SANS241:2015 health guideline of 0.3 mg/L slightly; and 

 Zinc: The zinc concentration at Te Water BH1 was measured at 5.26 mg/L which slightly 

exceed the SANS241:2015 guideline value of 5 mg/L 
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Aquifer characterisation 

 

For aquifer vulnerability reference is made to the aquifer vulnerability map of South Africa which 

shows a moderate aquifer vulnerability for the project area. 

 

The aquifers present in the area are classified as minor aquifer, but of high importance to the local 

landowners as it is their sole source of water for domestic and agricultural (stock watering and 

irrigation) purposes. 

 

Environmental impact assessment 

 

Construction phase 

 

Schurvekop will be accessed via a boxcut and decline system. During the construction phase the 

box cut will be developed and the decline started. The groundwater level around the boxcut and 

decline will be lowered due to dewatering. The zone of influence of the dewatering is expected to 

extend less than 200 m from the excavations. Groundwater inflow volumes into the boxcut and 

decline are expected to be less than 100 m3/day. 

 

Construction of the surface infrastructure is not expected to breach the groundwater level, 

therefore, it is not expected that there will be any notable impact on the groundwater levels and 

flow patterns due to the surface construction. 

 

The upper weathered material aquifer will be at risk of contamination during the construction phase 

due to the shallow nature of the groundwater combined with the relatively high transmissivity of the 

weathered material. Any accidental spills on surface can easily seep into the ground and migrate 

vertically to join the saturated zone at around 2 to 4 m below surface. 

 

It is assumed that good housekeeping practices will prevent or limit accidental hydrocarbon spills 

from construction vehicles, the workshops, or the fuel farm. 

 

Seepage from surface stockpiles of the topsoil, overburden or discard could potentially 

contaminate the underlying aquifers. However, the time period of the construction phase is limited 

and no extensive impacts are expected. 

 

Operational phase 

 

Groundwater level changes and the zone of influence 

 

The maximum drawdown in the groundwater level from pre-mining levels in the upper weathered 

aquifer is negligible and calculated at less than 1 m due to the slight disconnect that exist between 

the fractured rock aquifer within which the mining is located, and the weathered material aquifer. 
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The drawdown in the groundwater level in the fractured rock aquifer around the 4 seam and 2 

seam underground workings will be more severe than the impact on the weathered material aquifer 

due to the fact that the aquifer is directly exposed to the mine dewatering: 

 

 The maximum drawdown in groundwater level around the 4 seam workings is expected 

to be in the order of 45 m from pre-mining levels. The zone of influence of the 

groundwater level drawdown is calculated to reach a maximum distance of approximately 

1 300 m from the excavated workings; and 

 The maximum drawdown in groundwater level around the 2 seam workings is calculated 

to be approximately 75 m from pre-mining levels. The zone of influence of the drawdown 

cone around the 2 seam workings is expected to extend up to 1 600 m from the edge of 

the underground excavations. 

 

The zone of influence of the groundwater level drawdown cone will underlie a number of streams in 

the area. These streams include the unnamed tributary to the Olifants River west of the mining 

area, the Joubertsvleispruit, and the Viskuile River. From this it would appear that there will be an 

impact on the stream flow volumes due to a reduction in baseflow contribution. However, it has to 

be kept in mind that the majority of the baseflow contribution to the streams will be from the 

weathered material aquifer. The impact on the weathered material aquifer due to mine dewatering 

is very little, with the maximum reduction in groundwater levels expected to be less than 1 m from 

pre-mining levels. The impact on the stream flow volumes due to decreased baseflow contribution 

will be mitigated by the slight hydraulic disconnect between the weathered material aquifer and the 

fractured rock aquifer. Using the available information it is calculated that the impact on baseflow 

contribution to the streams will be less than 1 %. 

 

The groundwater levels in the privately owned boreholes around the mining area, which fall within 

the zone of influence of the groundwater level drawdown in the fractured rock aquifer, will be 

impacted by the mine dewatering and the associated reduction in groundwater level in the 

fractured rock aquifer. Four of the hydrocensus boreholes (Bosman BH1, Community Borehole, 

Community Handpump, and Community Windpump) will be impacted by the groundwater level 

drawdown in the area. 

 

The maximum drawdown in groundwater level at “Bosman BH1” is calculated to be 37 m. The first 

year of measurable impact (2 m reduction in groundwater level) is expected to be during year 3 of 

the life of mine. The reduction in groundwater level in boreholes “Community Borehole”, 

“Community Handpump”, and Community Windpump” is expected to be in the order of 65 to 70 m. 

The first year of impact at these boreholes is year 8 of the life of mine. 

 

These reductions in groundwater level in the boreholes will impact on the sustainable yields of the 

boreholes. In addition, it should be noted that the depth of these four boreholes that will be 

impacted could not be measured during the hydrocensus due to the equipment installed blocking 

access. In addition, the landowners could not provide information on the borehole depths. It is 

possible that with drawdowns in groundwater levels of between 37 and 67 m, some of these 

boreholes could be rendered completely dry. Even with a partial reduction in sustainable yield it is 
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possible that the boreholes cannot meet the supply requirements of the landowners. In this case 

Schurvekop will have to provide water of similar quantity and quality to the landowners. 

 

Groundwater inflows 

 

Groundwater inflow volumes into the underground mining areas are calculated: 

 

 4 seam workings - will start off at around 130 m3/day during the first year of operations. The 

groundwater inflows into the 4 seam workings steadily increase over time to reach a 

maximum of around 400 m3/day at the end of life of mine. This increase in groundwater 

inflow volume is due to the increase in excavation area and seep wall area; 

 Groundwater inflows into the 2 seam workings start off at around 180 m3/day and increase 

to a maximum of approximately 455 m3/day; and 

 The total groundwater inflow volume into the combined 4 seam and 2 seam workings 

increase from 130 m3/day at the start of mining to a maximum of 860 m3/day at the end of 

life of mine. 

 

There is some uncertainty around the hydraulic conductivity and competency of the rock material 

that separates the 4 seam and 2 seam operations. Furthermore, it is uncertain what impact 

blasting and fracturing will have on the hydraulic conductivity of the rock material surrounding the 

underground workings. Therefore, it is possible that dewatering requirements from the 2 seam 

workings will be somewhat higher than the stated volumes. However, should the inflows into the 2 

seam workings increase, it is expected that there will be a corresponding decrease in inflow 

volumes into the 4 seam workings and the overall combined volume will remain the same to within 

15 % of the stated volumes; 

 

Groundwater contamination 

 

Mine dewatering cause the groundwater flow patterns in the fractured rock aquifer to converge on 

the 4 seam and 2 seam underground workings. This will prevent contamination from the 

underground mining areas to escape into the surrounding aquifers and migrate away from the 

underground mining areas. 

 

The weathered material aquifer will not be notable impacted by the mine dewatering which allows 

natural groundwater flow patterns to remain, and thus also allows contamination entering the 

weathered material aquifer from the surface infrastructure to migrate away from the point pollution 

sources. 

 

The contaminant plumes are expected to migrate approximately 200 m from the point sources in a 

down gradient direction. Contamination from the topsoil stockpile almost reaches the pan 

northwest of it (0.1 % cut-off value used). No surface water areas are impacted, and no privately 

owned boreholes on surrounding properties are impacted 
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Long term post-closure phase 

 

Recovery of groundwater levels and decant potential 

 

The 2 seam workings are expected to be flooded around 15 to 20 years after closure. Recovery of 

the groundwater levels will continue until the 4 seam workings are flooded approximately 48 years 

after closure. 

 

At no point is the coal seam floor elevation above that of the surface elevation at the mine 

entrance. Therefore, no decant is expected. 

 

Contamination migration 

 

The recovering groundwater levels will lead to a re-establishment of groundwater flow patterns 

away from the underground mining areas. This will allow for contaminant migration away from the 

mining areas in a down gradient direction. 

 

The contaminant plume development I the weathered material aquifer from surface point sources 

is expected to follow topography and migrate up to 1 000 m from the individual point sources. 

 

Contamination from the topsoil and overburden stockpiles and the PCD is expected to migrate into 

the pan. The plume is expected to reach the pan between 40 and 50 years after mine closure. The 

maximum concentration that is expected to enter the pan at 100 years after closure is around 2 to 

3 % of the source concentration. 

 

Contamination from the product stockpile an waste rock dump areas are expected to reach the 

wetland area west of the mining operations that is associated with the non-perennial Viskuile River 

tributary The plume is expected to reach the wetland area approximately 80 to 90 years after 

closure. The maximum plume concentration that enters the wetland as baseflow is 1 % of the 

source concentration. Towards the east, the plume also enters the Viskuile River directly at a 

concentration of <1 % of the source concentration. 

 

The contaminant plumes that migrate away from the 2 seam and 4 seam underground workings 

are expected to migrate around 1 400 m and 1 100 m from the 2 seam and 4 workings 

respectively. The difference in the migration distance is due to the fact that the 2 seam workings 

will be submerged first (15 – 20 years post closure) and contamination migration away from the 

mining area can start earlier. The 4 seam workings will only be flooded at approximately 48 years 

after closure when contaminant migration away from the 4 seam workings can increase. 

 

The majority of the contaminant migration away from the 2 seam and 4 seam underground 

workings is towards the east. Some contaminant migration towards the west is also expected, but 

contaminant migration is expected to be around 250 m from the underground workings. 
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The contaminant plumes that develop away from the 2 seam and 4 seam workings will underlie the 

Viskuile River and the Joubertsvleispruit. However, because there plumes develop deep under the 

surface, and the contamination is expected to remain at that level of move further downwards 

under gravity, it is not expected that the plumes will have a notable impact on the surface water 

qualities. 

 

Boreholes “Bosman BH1”, “Community Borehole”, “Community Windpump”, and Community 

Handpump” will be impacted. Once the water qualities in these boreholes are impacted 

Schurvekop will have to provide water of similar quality and quantity. 

 

Mitigating and management measures to be included in the EMP and IWULA 

 

Monitoring program 

 

It is recommended that when the groundwater monitoring program is implemented the initial 

sampling be done on a monthly interval in order to develop a seasonal database. Monitoring 

should start as early as possible, and preferably at least 12 months before mining operations start. 

 

After the initial 12 month period, and once a background database has been developed, the 

sampling frequency can change to quarterly. 

 

Parameters and elements to be monitored for should comply with the mine Water Use License 

application parameters, and also take into consideration the findings from the groundwater 

chemical analysis done during this study, as well as the expected pollutants. The recommended 

parameters and elements are summarised below: 

 

 General chemistry such as pH, TDS and EC; 

 Major elements such as calcium, magnesium, sodium, potassium, sulphate, nitrate, 

fluoride, phosphate; and 

 An ICP scan of minor elements including aluminium, arsenic, boron, beryllium, cadmium, 

chromium, cobalt, copper, iron, manganese, mercury, vanadium and zinc 

 

The monitoring program should include: 

 

 Hydrocensus points around the mine areas that are expected to be impacts by mine 

dewatering or contaminant migration: Bosman BH1, Community Borehole, Community 

Windpump, Community Handpump, Bosman Handpump; and 

 The newly drilled boreholes: BH1, BH2, BH3, BH4, and BH5. Should exploration borehole 

LC1 remain accessible, it should also be included in the monitoring program 

 

Remediation of the physical activity 

 

The underground mine cannot be remediated except for closure of the boxcut and decline portal. 

The infrastructure areas should be remediated during the decommissioning phase. 
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Remediation of storage facilities 

 

Surface storage facilities should be cleared and remediated where possible (ROM stockpile etc.). 

Surface stockpiles that cannot be cleared (waste rock dump etc.) should be sloped, capped and 

vegetated. This will reduce rainfall recharge and the subsequent leach volumes from the surface 

storage facilities to the underlying aquifers. 

 

Remediation of environmental impacts 

 

It will be impossible to prevent and rehabilitate the impacts of contaminant migration away from all 

the pollution sources (underground mine, surface stockpiles, plant area etc.). Therefore, it is 

recommended that the groundwater monitoring program be continued for a period of at least 5 

years after mine closure to monitor the contaminant migration. Based on these results remediation 

requirements can be identified and a remediation plan put in place. 

 

Remediation of water resources impacts 

 

From the waste classification testing and the contaminant migration simulation results it can be 

seen that it is expected that the impact on the water resources is expected to be negligible (please 

refer to Section 8.3.2 of this report). No remediation measures are currently recommended. 

 

Backfilling of pits 

 

Only the boxcut adits will be backfilled. 
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1. Introduction 

 

1.1 Background introduction 

 

Future Flow GPMS cc was contracted by Cabanga Environmental to conduct a geohydrological 

investigation for the Schurvekop Colliery. Mmakau Coal (Pty) Ltd currently holds the prospecting 

right (1063PR) for coal over Portions 6, 8, RE of 15, 16, 17, 18, 19 and 20 of the farm Schurvekop 

227 IS near the town of Bethal within the Mpumalanga Province. 

 

The Schurvekop Resource will be mined using a mechanized board and pillar mining method using 

continuous miners. The underground will be accessed via a boxcut adit. The high walls and 

sidewalls of the box-cut will be terraced where necessary. Entries will generally be limited via two 

or three portals, allowing for conveying and travelling, as well as return airways and escape routes. 

 

Coal will be transferred from the underground to surface by means of a conveyor belt, whereby it 

will be sent to the plant area for processing (crushing, screening and if feasible washing). Product 

coal will be sized and stockpiled in designated areas for pre-qualification prior to being trucked to 

market. 

 

Mine residue from the plant will be disposed of onto an integrated disposal dump. The plant will run 

24/7. The water component will report to the PCD via dirty water trenches and form part of the 

process water on site. 

 

The primary product will be produced for the Eskom market and if export prices improve sufficiently 

then a dual product for the international export market and for the Eskom market will be produced. 

 

Desktop studies and a site specific baseline assessment including hydrocensus, geophysical 

survey, drilling and aquifer testing of five groundwater boreholes, groundwater chemical analysis, 

and a geochemical analysis of the material that will be handled on site were used to characterise 

the baseline groundwater environment and develop a conceptual groundwater flow and 

contaminant transport model of the study area. A 3D numerical groundwater flow and contaminant 

transport model based on the conceptual model was used to perform the environmental impact 

assessment. 

 

1.2 Potential impacts 

 

The proposed developments could impact on the surrounding groundwater environment: 

 

 Dewatering of the underground mine and the associated impacts on the surrounding 

groundwater environment; 

 Contaminant migration away from the mining area; 

 Impacts on surface water flow volumes due to mine dewatering and the possible reduction 

in baseflow contribution to streams and wetland areas; 
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 Impacts on the surface water quality due to contaminant migration away from the mining 

area; and 

 Potential decant from the mining area. 

 

1.3 Aim of the investigation 

 

The aim of the groundwater investigation is to characterise the current baseline groundwater 

environment. This includes aspects such as: 

 

 Identification and characterisation of the aquifers present in the area; 

 Aspects that control groundwater flow through the area (geological structures etc.) 

 Groundwater flow patterns; 

 Recharge from rainfall; 

 Predevelopment groundwater quality; and 

 Surface water / groundwater interaction. 

 

In addition to the above, the groundwater investigation aims to characterise and quantify the 

expected impacts on the surrounding groundwater environment due to the mining activities. Impact 

management strategies will also be evaluated. 

 

1.4 Timing of the investigation 

 

The field investigation was performed during March - April 2017. As such, the field investigation 

was performed at the end of the rainy season. This has some implications: 

 

 The groundwater levels that were measured are expected to be at the shallow end of the 

normal seasonal variations; 

 The aquifer yields are considered to be the highest, especially the weathered material 

aquifer where the yield varies greatly depending on rainfall recharge; and 

 The groundwater qualities are expected to be the best in terms of seasonal variance due to 

recent rainfall recharge and dilution. 

 

1.5 Specialist expertise 

 

Future Flow GPMS is a privately held consulting company based in Pretoria, South Africa that has 

been in operation since 2008. We provide specialist groundwater consulting services. Our clients 

range from mining companies and energy suppliers to private developers operating throughout 

Africa. 

 

Key staff allocated to this project includes: 

 

Martiens Prinsloo: Martiens is a principal hydrogeologist at Future flow GPMS cc, and holds an 

MSc degree in hydrogeology from the University of the Free State, South Africa. Martiens has 

more than 19 years’ experience in water management studies and environmental impact 
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assessments and has been involved in more than 200 groundwater studies during the past 

decade. Martiens is responsible for data analysis, the conceptual model, the 3D numerical 

modelling and reporting. 

 

Martiens has been involved in a number of other mining related studies in the region during the 

past decade. Some of the projects include: 

 

 Op Goedenhoop Colliery – EMP / EIA study; 

 Welgemeend Colliery – EMP / EIA study; 

 Ermelo Colliery – Closure study. 

 

His CV can be viewed in Appendix G. 

 

1.6 Declaration of independence 

 

We, Future Flow Groundwater & Project Management Solutions cc, act as the independent 

specialists in the environmental authorisation and EMP amendment processes for the Schurvekop 

Colliery Project. We will perform the work relating to the environmental authorisation applications in 

an objective manner, even if this results in views and findings that are not favourable to the 

applicant. 

 

We declare that there are no circumstances that may compromise our objectivity in performing 

such work. We have expertise in conducting the groundwater specialist study and report relevant 

to the environmental authorisation applications. We confirm that we have knowledge of the 

relevant environmental Acts, Regulations and Guidelines that have relevance to the proposed 

activity and my/our field of expertise and will comply with the requirements therein. 

 

We have no, and will not engage in, conflicting interests in the undertaking of the activity. 

 

 We undertake to disclose to the applicant and the competent authority all material 

information in my possession that reasonably has, or may have, the potential of influencing 

any decision to be taken with respect to the application by the competent authority; and 

 the objectivity of any report, plan or document to be prepared by ourselves for submission 

to the competent authority; 

 

All particulars furnished by me/us in this report are true and correct. We realise that a false 

declaration is an offence in terms of regulation 48 of the National Environmental Management Act, 

107 of 1998 (NEMA) and is punishable in terms of section 24F of the Act. 

 

 

 

________________________                             ____2017/05/22____ 

      Signed                                                                        Date 
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1.7 Consultation process 

 

The consultation process included: 

 

 Concerns raised during the hydrocensus where groundwater boreholes were visited: 

o Concerns regarding impacts on the groundwater supply volume and quality due to 

the proposed mining activities. 

 

Comments and concerns raised during the public consultation process were also considered 

where relevant. 
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Figure 1.1: General site layout 

 



 

Schurvekop Colliery 

Groundwater EIA Study 
Page 1 

 

 

Future Flow GPMS cc May 2017 CAB.16.037 

2. Geographical setting 

 

2.1. Topography and drainage 

 

The mining area is characterised by gently undulating topography as can be seen in Figure 2.1. 

Topography dips at gradients of between 1:50 and 1:100 towards the streams that occur in the 

area. Topographical elevations in the mining area range between 1 630 and 1 580 mamsl. 

 

The study area falls within Water Management Area 4 (WMA4), Olifants River. The mining area 

falls within the V11A quaternary catchment. The Viskuile River flows through the proposed Mining 

Right Area. To the south and east of the underground mining area the Joubertsvleispruit drains the 

area before it joins the Viskuile River. East of the mining area an unnamed non-perennial tributary 

to the Viskuile River drains the study area. Associated with this stream is a prominent wetland 

area. 

 

To the north of the site the Viskuile River and the unnamed tributary to the Viskuile River join the 

Olifants River. 

 

No river diversions are anticipated and surface infrastructure has been positioned to avoid the 

watercourse and its floodlines as far as possible. 

 

Seep wetlands have been identified along the western and north eastern portions of the project 

area and a pan (depression wetland) has been identified on the southern portion of the project 

area. Floodplain wetlands are also associated with the Viskuile River. 

 

There are a number of non-perennial rivers and dams that are seasonal and flow only after periods 

of rainfall (please refer to Figure 2.1). 

 

2.2. Climate 

 

The project area is located in the Mpumalanga Province of South Africa characterised by a mild to 

warm summer rainfall climate and cool to cold winters. Sharp frost is a common occurrence during 

winter. Rainfall primarily occurs from October to March, almost exclusively as showers (mild to 

heavy) and thunderstorms. Severe lightening, strong winds and hail tend to accompany the 

thunderstorms. The maximum rainfall occurs during November, December and January with the 

winter months predominantly dry. 
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Figure 2.1: Topography and drainage 
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3. Scope of work 

 

The scope of work includes: 

 

 Phase 1 - Project initiation: 

o Collect and evaluate all available data including site specific information supplied by 

the client including the geological database, as well as any geotechnical work that 

was done. Also included in the desk study is the collection of public domain 

information (geological and hydrogeological maps etc.); and 

o An initial site visit to visually inspect the study area and evaluate grey areas or data 

gaps identified during the desk study. 

 Phase 2 - Characterisation of the baseline groundwater environment: 

o Conduct a hydrocensus of existing boreholes in the area, including depth to 

groundwater level, groundwater use type and volume. This data was used to 

calculate groundwater flow directions and patterns, gradients and velocities. 

Sensitive users in the area are also identified; 

o Ground geophysical investigation: A ground geophysical survey was conducted 

around the proposed operational areas and surface infrastructure in order to identify 

any geological structures that could act as preferential groundwater flow and 

contaminant transport pathways; 

o Drilling of groundwater boreholes: This entailed drilling of groundwater boreholes 

during which important information on the baseline groundwater conditions (depth to 

groundwater level, groundwater strike depth and yields, presence of structures etc.) 

was collected. The boreholes will also serve as long-term groundwater monitoring 

boreholes around the operational areas; 

o Aquifer testing of the newly drilled boreholes to determine the aquifer parameters for 

inclusion into the numerical flow and contaminant transport models: These values 

were used to specify the aquifer transmissivities in the numerical groundwater flow 

and contaminant transport calculations and control the plume migration calculations; 

o Laboratory testing of groundwater samples to characterise the pre-development 

groundwater quality; and 

o Geochemical testing of some of the floor, roof, and coal material that will be mined, 

and are planned to be stockpiled and processed on site. This allows 

characterisation of the waste streams in accordance with Regulations 634, 635, and 

636. The leach test results are also used to determine the long term quality of 

leachate seeping from the mining area and surface stockpiles into the underlying 

aquifers and possibly eventually the surface water bodies. Acid-base-accounting 

testing helps determine the acid mine drainage (AMD) forming potential of the 

material that will be handled on site; 

 Phase 3 - Groundwater impact assessment using the numerical groundwater flow and 

contaminant transport models: 

o Drawdown in groundwater levels around the underground mining areas due to mine 

dewatering and the associated impacts on surrounding groundwater users; 
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o Impacts on surface water bodies due to reduced baseflow contribution due to mine 

dewatering; 

o Groundwater recharge from the surface stockpile areas to the underlying aquifers 

and the associated impacts on the groundwater flow patterns; 

o Contaminant migration through the area and impacts on the surrounding aquifer 

quality away from the operational area during operations and after closure; 

o Impacts on the surface water bodies due to contaminant migration away from 

contaminant sources within the mining area; 

 Phase 4 - Reporting: 

o The findings of the study will be discussed in detail. The report will also touch on 

management recommendations and will include input into any impact mitigation 

plans, the groundwater monitoring network, and post-closure requirements. The 

report will also include recommendations on any further work that might be required. 

 

4. Methodology 

 

4.1. Desk study 

 

All the data that was made available by the client was evaluated. This includes: 

 

 Scoping report; 

 Mining work programme report; 

 Surface and mine layout plans; and 

 A description of the mining and plant process. 

 

Maps relevant to the study area include: 

 

 1:50 000 scale topographical maps (2629AB, 2629AD, 2629BA, and 2629BC); 

 Satellite image of the area (Google Earth); and 

 Other published data on the study area. 

 

4.2. Hydrocensus 

 

A hydrocensus of the existing boreholes in the area was undertaken and an additional five 

groundwater monitoring boreholes (BH1 to BH5) were drilled in the project area. One exploration 

borehole (LC1) was also drilled. In total 16 boreholes were located in the field (please refer to 

Figure 5.3 for the borehole positions). Information gathered at these points included field 

coordinates, elevation, static groundwater level (SWL), groundwater use and type and any other 

information that was available. 
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4.3. Geophysical survey and results 

 

4.3.1. Description of method employed 

 

The magnetic method was used during the ground geophysical survey. This method has been 

proven to be effective in the Karoo sediment and intrusive dolerite dyke geology found on site. 

 

Magnetic ground geophysical surveys measure small, localised variations in the Earth's magnetic 

field. These magnetic ground geophysical methods were applied to locate geological structures 

(sills, dykes and fracture zones) for the drilling of monitoring boreholes. These structures were 

investigated in terms of their water bearing capabilities serving either as preferential flow paths for 

groundwater (fracture zones) or as groundwater flow barriers (dykes) forming groundwater 

compartments. 

 

Ground magnetic surveys were selected to detect local changes in the earth’s magnetic field that 

could be used to locate these small-scale dyke intrusive bodies. The magnetic survey was 

conducted using the G5 proton magnetometer manufactured by Geotron Systems (Pty) Ltd. 

 

4.3.2. Survey results 

 

Traverses were run following a 5 m station spacing. This station spacing is considered to be 

sufficient to identify dolerite dykes or fracture zones in the area. A total of five traverses were run 

and the results were used to site the 5 groundwater boreholes that were drilled as part of this 

study. 

 

Magnetic data and graphs are attached in Annexure A. 
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Figure 4.1: Geophysical survey traverses and monitoring borehole positions 
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4.4. Drilling and siting of monitoring boreholes 

 

A total of five groundwater monitoring boreholes were installed in the study area (please refer to 

Figure 4.1). In addition, the first 18 m of an exploration borehole was drilled. The borehole logs and 

construction are summarised in Appendix B. 

 

The boreholes show that the depth of weathering in the area range between <1 and 9 m. The 

dominant lithology in the area is lightly carbonaceous shale. Some sandstone and more 

carbonaceous shale are also encountered in the area. The deeper (150 m deep) boreholes show 

the presence of dolerite and felsite. 

 

4.5. Aquifer testing 

 

Aquifer testing of four of the five groundwater monitoring boreholes (BH1, BH2, BH4 and BH5) was 

conducted during March 2017. Borehole BH3 is dry and could therefore not be tested. The tests 

conducted on the boreholes included calibration, constant discharge and recovery tests. 

 

The duration of the constant rate tests depended on the borehole yields. Boreholes with a low yield 

(BH1 and BH2) could sustain the yield for only a few minutes before the borehole ran dry despite 

the pump rate being reduced to a minimum. Boreholes BH4 and BH5 which have a slightly higher 

yield sustained the constant rate tests at 0.5 and 0.8 L/s respectively for 20 to 24 hours. Borehole 

LC1, which evidently encountered a major groundwater strike during core drilling, sustained 

pumping at 1.5 L/s for 24 hours. 

 

The groundwater level drawdown and recovery data was used to calculate the aquifer 

transmissivity as well as the borehole sustainable yield for each borehole. The obtained results 

were used as part of the 3D numerical groundwater flow and contaminant transport modelling and 

impact assessment process. 

 

4.6. Sampling and chemical analysis 

 

A total of ten water samples were taken from around the project area and submitted to Aquatico 

which is a SANAS accredited laboratory. Five samples were taken from hydrocensus points and 

five samples were taken from the new groundwater monitoring boreholes that were drilled (BH1, 

BH2, BH4, BH5 and LC1). 

 

4.7. Groundwater recharge calculations 

 

Groundwater recharge calculations are based on the total area of the sub-catchments covered by 

the proposed mining activities. An average recharge percentage of 2% of the mean annual rainfall 

is used in the resource calculation. 
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4.8. Groundwater modelling 

 

The numerical groundwater flow model was constructed based on the conceptual groundwater flow 

model of the study area. The numerical model was constructed using MODFLOW based software, 

which is an internationally developed, recognised and used software package. The model takes 

into consideration aspects such as: 

 

 The different aquifers present in the area and their interrelation to each other; 

 Recharge from rainfall; 

 Aquifer transmissivities, effective porosity, vertical hydraulic conductance etc.; 

 Groundwater flow patterns and velocities; 

 Geological lithological units and features such as the extensive faulting that occur in the 

area; 

 The 2 seam and 4 seam underground mining areas; and 

 Topographical elevations of surface, the contact between weathered material and 

competent rock. 

 

4.9. Groundwater availability assessment 

 

The groundwater availability was assessed at the hand of: 

 

 The geology encountered in the area, and the general groundwater potential associated 

with the lithologies; 

 The results from the hydrocensus (borehole yields and groundwater use volumes and 

types). 

 

Based on the results from the assessment it is concluded that while groundwater is readily 

available in the area, the general yields of the aquifer is relatively low (less than 2 L/s) with an 

average yield of around 0.5 L/s. 

 

5. Prevailing groundwater conditions 

 

5.1. Geology 

 

The geological description below is taken from the Mine work programme (Exxaro Coal). 

 

5.1.1. Regional geology 

 

South Africa is host to 19 coalfields which encompass a total area of about 9.7 million hectares. 

The largest of these coalfields by coal reserves are the Highveld and Witbank coalfields, followed 

by Ermelo and Waterberg where bituminous coal dominates. 

 

The Highveld Coalfield is the second most important coalfield, after the Witbank Coalfield. There 

are normally five major coal seams developed, which are from top to bottom as follows: 
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 Seam 5; 

 Seam 4; 

 Seam 3; 

 Seam 2; and 

 Seam 1. 

 

The Schurvekop project area is situated in the north eastern extremity of the Highveld Coal field 

separated by the pre-Karoo Smithfield ridge from the Witbank Coal field to the north 

 

South Africa’s coal deposits form part of the Permian age Karoo Supergroup which was deposited 

on the Gondwanaland Supercontinent. The Main Karoo basin is underlain by the Kaapvaal Craton 

in the north and the Namaqua-Natal Metamorphic Belt in the south. The Karoo Supergroup from 

the base upwards is sub-divided into the following subgroups from bottom to top as: 

 

 Dwyka Group; 

 Ecca Group; 

 Beaufort Group; 

 Molteno Formation; 

 Elliot Formation; 

 Clarens Formation; and 

 The volcanic rocks of the Stormberg Group. 

 

The vast majority of coal beds occur in the Ecca Group with some minor coal seams in the 

Beaufort Group and the Molteno Formation as well. 

 

Rooiberg felsites as well as the Bushveld – Lebowa granites comprise the basement lithology. 

These basement rocks can be weathered to great depths indicating the surface exposure that they 

encountered in the past. Also abundantly encountered in this area is Diabase which has the same 

chemical composition as dolerite. A northwest – southeast trending paleo-valley, with steeply 

dipping contours in the northeast, can be seen traversing Schurvekop on the top of basement plan. 

A distinct paleo-ridge can be seen in the northeast. This paleo-ridge is in the same vicinity as the 

Koppie. The top of basement elevation ranges from 1480 to 1598 mamsl. 

 

Deposited above the basement rocks are sediments of glacial origin which were deposited by the 

continental ice sheets during Permo-Carboniferous times. Resulting from this erosional and 

depositional process were elongated low ridges and shallow valleys which influenced the 

depositional patterns. The sediments mentioned above formed the Dwyka Formation and where 

composed mainly of tillites and varvites. 

 

The top of Dwyka Formation elevation contours mirror that of the top of basement with elevations 

ranging from 1584 to 1578 mamsl. 
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Deposited above the Dwyka Formation were arenaceous sequences of sandstones and 

conglomerates with subordinate siltstones, shales and coal seams. This sequence is referred to as 

the Vryheid Formation. 

 

5.1.2. Local geology 

 

The No 1 Seam is only developed in the paleo-valley and ranges in thickness from 0.14 m to  

0.76 m. 

 

The No 2 Seam has been split into the No 2 Lower and No 2 Uppers Seams. The No 2 Lower 

Seam has been identified as one of the economically viable seams in this area whilst the No 2 

Upper seam not economically viable as it was only intersected in two boreholes. 

 

The 2 Lower Seam thickness ranges from 0.65 m to 5.38 m. The thinner seam areas are 

associated with dolerite activity. The thicker seam is in located in the middle of the paleo-valley 

towards the north. The coal is described as a mixed coal composed mainly of bright and lustrous 

coal with lesser amounts of dull and shaly coal. In-seam stone partings have been encountered in 

some boreholes but they do not appear to be consistent in lithology as well as in lateral extent. 

Secondary mineralisation found within the seam is composed of pyrite, calcite on cleats and 

siderite. 

 

The floor contours mirror that of the top Dwyka but is not as steeply dipping. The elevations vary 

from 1498 to 1454 mamsl. The floor is composed mainly of massive shale with occasional 

interlaminations of sandstone and siltstone. The roof is composed mainly of a course to medium 

grained sandstone which is described as massive and micaceous with pyrite inclusions. The depth 

of the seam is a function of the current surface topography as well as seam floor topography. The 

depth to roof varies from 40 m towards the northeast to 97 m towards the south. 

 

The No 3 Seam is found in an east west trending zone in the north of the project area and is 

sporadically developed towards the south with seam thicknesses varying from 0.04 m to 0.54 m. 

 

The No 4 Seam has been split into the No 4 Lower, No 4 Upper as well as the No 4A Seams. Of 

these three seams only the No 4 Lower is potentially economically viable even though its qualities 

as not high as those of the No 2 Lower Seam. 

 

Like the No 2 Lower Seam the No 4 Lower Seam is thickest within the paleo-valley with 

thicknesses ranging between 0.90 m and 3.77 m. The thinner seam zones are associated with 

dolerite activity. The coal is describes as mixed bright, lustrous and dull coal. The same secondary 

minerals located in the No 2 Lower Seam are also present thin seam. There is a consistent in-

seam parting towards the top of the seam whose composition ranges from shale to sandstone with 

thicknesses varying between 0.02 m and 0.76 m. Besides the main parting there is minor in-seam 

partings scattered throughout. 
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The floor contours mirror that of the No 2 Lower Seam with the elevations ranging from 1531 to 

1603 mamsl. The lithology of the floor sediments vary from a medium to fine grained sandstone to 

interlaminated sandstone and siltstone. There is some carbonaceous matter, mica and well as 

bioturbations throughout the sediments. 

 

The roof of the No 4L Seam is the floor to the No 4 Upper Seam. It is composed mainly of 

interlaminated sandstone and siltstone which micaceous and carbonaceous. The burden between 

the No 4 Lower and Upper Seams varies from 0.06 m to 6.83 m. The depth to roof varies from  

17 m in the north to 67 m towards the south. 

 

The 4 upper seam has a distinct northeast – southwest trending zone which separates the thicker 

areas from the thinners ones. In the thicker western zone the seam thickness varies from 1.80 m to 

4.02 m with one anomalous borehole with a thickness of 0.40 m which was affected by dolerite 

activity. In the thinner eastern zone the seam thickness varies from 0.18 m to 0.64 m. The floor 

elevation mirrors that of the No. 4 Lower Seam. The depth to roof varies from 13 m in the north to 

61 m in the south. 

 

The No 4A Seam is only developed in the eastern area above the No 4 Upper Seam where the No 

4 Upper seam thins out. 

 

The 5 seam is only present in topographic highs and has been eroded in lower lying areas. There 

is a consistent shale parting within this seam which renders it uneconomical. The No 5 Seam was 

only intersected in 5 boreholes in the prospecting right area. 

 

5.2. Geochemical analyses 

 

Six rock samples were collected from the project area. The six samples represent the typical 

lithologies encountered in the area. A summary description of the material collected as part of each 

sample is included in Table 5.1. 

 

Table 5.1: Sample description 

Sample ID Lithology 

BH5 (carbonaceous shale) Carbonaceous shale 

BH4 (carbonaceous shale) Carbonaceous shale 

BH5 (coal seam) Coal seam 

BH1 (carbonaceous shale) Carbonaceous shale 

LC1 (carbonaceous) Carbonaceous shale 

LC1 (coal seam) Coal seam 

 

The testing that was done on the material complies with the National Environmental Management: 

Waste Act, 2008 (Act No. 59 of 2008) Waste Classification Regulations. These regulations include: 

 

 Regulation 634: NEM:WA: Waste Classification and Management Regulations; 
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 Regulation 635 do.: National Norms and Standards for the assessment of waste for landfill 

disposal; 

 Regulation 636 do.: National norms and Standards for disposal of waste to landfill. 

 

Based on the above listed regulations, the following tests were performed on the material: 

 

 Total concentration testing; 

 Leach concentration testing. 

 

In addition to the above, acid-base-accounting (ABA) testing was also done using the Leco and 

Sobek / Modified Sobek methods. From the ABA testing the following parameters were 

determined: 

 

 Paste pH; 

 Total sulphur % (LECO); 

 Acid potential (AP) in kg/t; 

 Neutralisation potential (NP) in kg/t; 

 Nett neutralisation potential (NNP) (calculated as AP – NP); 

 Neutralising potential ration (NPR) (calculated as NP:AP); 

 Nett acid generation (NAG) pH (H2O2); 

 Nett acid generation (kg H2SO4/t) 

 

5.2.1. Waste rock classification 

 

The samples were collected in a manner to ensure representative sampling of the material that will 

be handled on site (waste rock and coal). A summary description of the material collected as part 

of each sample is included in Table 5.1 above. 

 

5.2.2.1. Total concentration test results 

 

The test results for the total concentrations (TC) are summarised in Table 5.2. From the table it can 

be seen that barium and fluoride exceed the TCT0 in all of the samples; and lead, manganese and 

antimony exceed the TCT0 guidelines in some of the samples. All the samples comply with the 

TCT1 guidelines. 

 

5.2.2.2. Leachable concentration test results 

 

The leachable concentration test results are summarised in Table 5.3. From the table it can be 

seen that with the exception of sample “LC1 Carbonaceous” all the elements comply with the LCT0 

guidelines. Sample “LC1 Carbonaceous” show slightly elevated concentrations of arsenic, lead and 

fluoride that exceed the LCT0 guideline values. 

 

All elements in all samples comply with the LCT1 guideline values. 
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5.2.2.3. Classification based on TC and LC analyses 

 

The waste classification as defined in GN 635 (Section 7) are summarised as: 

 

 Wastes with any element or chemical substance concentration above LCT3 or TCT2 limits 

(LC>LCT3 or TC>TCT2) are Type 0 Wastes; 

 Wastes with any element or chemical substance concentration above the LCT2 but below 

or equal to the LCT3 limits, or above the TCT1 but below or equal to the TCT2 limits 

(LCT2<LC<LCT3 or TCT1<TC<TCT2), are Type 1 Wastes; 

 Wastes with any element or chemical substance concentration above the LCT1 but below 

or equal to the LCT2 limits, and all concentrations below or equal to the TCT1 limits 

(LCT1<LC<LCT2 or TC<TCT1), are Type 2 Wastes; 

 Wastes with any element or chemical substance concentration above the LCT0 but below 

or equal to the LCT1 limits, and all concentrations below or equal to the TCT1 limits 

(LCT0<LC<LCT1 or TC<TCT1), are Type 3 Wastes; or 

 Wastes with all elements and chemical substance concentration levels for metal ions and 

inorganic anions below or equal to the LCT0 and TCT0 limits (LC≤LCT0 and TC≤TCT0), 

and with all chemical substance concentration levels also below the relevant concentration 

limits for organics and pesticides, are Type 4 Wastes (no organics or pesticides are 

included in the waste rock material and therefore that requirement is not applicable); 

 If a particular chemical substance in a waste is not listed with corresponding LCT and TCT 

limits in the norms and standards, and the waste has been classified as hazardous in terms 

of regulation 4(2) of the Regulations based on the health or environmental hazard 

characteristics of the particular element or chemical substance, the waste is considered to 

be Type 1 Waste (not applicable to this study); 

 If the TC of an element or chemical substance is above the TCT2 limit, and the 

concentration cannot be reduced to below TCT2 limit, but the LC for the particular element 

or chemical substance is below the LCT3 limit, the waste is considered Type 1 Waste; 

 Wastes listed in item (2)(b) of Annexure 1 to the regulations are considered to be Type 1 

Waste, unless assessed and determined otherwise in terms of the Norms and Standards; 

 Wastes with all element or chemical substances leachable concentration levels for metal 

ions and inorganic anions below or equal to the LCT0 limits are considered to be Type 3 

Waste, irrespective of the total concentration of elements or chemical substances in the 

waste provided that: 

o The concentration levels are below the relevant limits for organics and pesticides; 

o The inherent waste and chemical character of the waste is stable and will not 

change over time; and  

o The waste is disposed of to landfill without any other waste. 

 

Based on the above the coal and waste material that will be handled on site are classified as Type 

3 Waste following the GN 635 classification system. 
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Table 5.2: Total concentration test results compared to TCT guideline values 

Constituent Units 
TCT Guidelines Values BH5 

Carbonaceous 

BH4 

Carbonaceous 

BH5 

Coal seam 

BH1 

Carbonaceous 

LC1 

Carbonaceous 

LC1 

Coal seam TCT0 TCT1 TCT2 

Arsenic (As) mg/kg 5.8 500 2 000 <4.00 <4.00 4.80 <4.00 <4.00 8.80 

Boron (B) mg/kg 150 15 000 60 000 <10 <10 47 <10 <10 30 

Barium (Ba) mg/kg 62.5 6 250 25 000 452 379 337 724 572 261 

Cadmium (Cd) mg/kg 7.5 260 1 040 2.40 4.80 1.60 7.60 7.20 <1.20 

Cobalt (Co) mg/kg 50 5 000 20 000 26 29 12 21 43 6.40 

Total Chromium (Cr) mg/kg 46 000 800 000 N/A 229 277 36 65 116 24 

Copper (Cu) mg/kg 16 19 500 78 000 5.60 <4.00 <4.00 <4.00 16 <4.00 

Mercury (Hg) mg/kg 0.93 160 640 <0.400 <0.400 <0.400 <0.400 <0.400 0.400 

Manganese (Mn) mg/kg 1 000 25 000 100 000 36 145 72 424 1 132 178 

Molybdenum (Mo) mg/kg 40 1 000 4 000 <10 <10 <10 <10 <10 <10 

Nickel (Ni) mg/kg 91 10 600 42 400 53 78 22 29 67 12 

Lead (Pb) mg/kg 20 1 900 7 600 27 34 37 20 27 <4.00 

Antimony(Sb)  mg/kg 10 75 300 <8.00 <8.00 <8.00 <8.00 <8.00 <8.00 

Selenium (Se) mg/kg 10 50 200 <4.00 <4.00 <4.00 <4.00 <4.00 <4.00 

Vanadium (V) mg/kg 150 2 680 10 720 119 116 37 67 110 <10 

Zinc (Zn) mg/kg 240 160 000 640 000 122 110 15 104 146 42 

Chromium (VI) mg/kg 6.5 500 2 000 <5 <5 <5 <5 <5 <5 

Total Fluoride (F) mg/kg 100 10 000 40 000 259 205 161 775 873 161 

Total Cyanide (CN) mg/kg 14 10 500 42 000 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 

 Exceed TCT0 guideline value  
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Table 5.3: Leachable concentration test results compared to LCT guideline values 

Constituent Units 

LCT Guidelines Values 
BH5 

Carbonaceous 

BH4 

Carbonaceous 

BH5 

Coal 

seam 

BH1 

Carbonaceous 

LC1 

Carbonaceous 

LC1 

Coal 

seam 
LCT0 LCT1 LCT2 LCT3 

Arsenic (As) mg/L 0.01 0.5 1 4 <0.010 <0.010 <0.010 <0.010 0.012 <0.010 

Boron (B) mg/L 0.5 25 50 200 <0.025 0.060 <0.025 <0.025 0.107 0.057 

Barium (Ba) mg/L 0.7 35 70 280 0.111 0.033 0.167 0.072 0.508 0.099 

Cadmium (Cd) mg/L 0.003 0.15 0.3 1.2 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 

Cobalt (Co) mg/L 0.5 25 50 200 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 

Total Chromium (Cr) mg/L 0.1 5 10 40 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 

Chromium VI (Cr
6+

) mg/L 0.05 2.5 5 20 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Copper (Cu) mg/L 2.0 100 200 800 <0.025 <0.025 <0.025 <0.025 0.014 <0.025 

Mercury (Hg) mg/L 0.006 0.3 0.6 2.4 <0.001 <0.001 <0.001 <0.001 <0.001 0.005 

Manganese (Mn) mg/L 0.5 25 50 200 <0.025 <0.025 <0.025 0.041 0.177 <0.025 

Molybdenum (Mo) mg/L 0.07 3.5 7 28 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025 

Nickel (Ni) mg/L 0.07 3.5 7 28 <0.025 <0.025 <0.025 <0.025 0.031 <0.025 

Lead (Pb) mg/L 0.01 0.5 1 4 <0.010 <0.010 <0.010 <0.010 0.014 <0.010 

Antimony (Sb) mg//L 0.02 1.0 2 8 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Selenium (Se) mg/L 0.01 0.5 1 4 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Vanadium (V) mg/L 0.2 10 20 80 <0.025 <0.025 <0.025 <0.025 0.028 <0.025 

Zinc (Zn) mg/L 5.0 250 500 2 000 <0.025 <0.025 <0.025 <0.025 0.049 <0.025 

Total dissolved solids 

(TDS) 
mg/L 1 000 

12 

500 

25 

000 

100 

000 
64 98 42 58 40 32 

Chloride (Cl) 
mg/L 300 

15 

000 

30 

000 

120 

000 
<2 <2 2 <2 2 2 

Sulphate (SO4) 
mg/L 250 

12 

500 

25 

000 

100 

000 
9 23 10 13 6 6 

Nitrate (NO3) mg/L 11 550 1 100 4 400 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Fluoride (F) mg/L 1.5 75 150 600 0.3 0.7 <0.2 0.3 2.0 0.4 

Total cyanide (CN) mg/L 0.07 3.5 7 28 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 Exceed LCT0 guideline value  
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5.2.2. Acid-base-accounting test results 

 

5.2.2.1. General discussion 

 

Acid base accounting is a screening analytical procedure that provides values to help assess the 

acid-producing and acid-neutralising potential of waste rock or coal material in order to evaluate 

the acid mine drainage producing potential of the material that will be handled on site. In this 

procedure, the amount of acid-producing rock is compared with the amount of acid-neutralising 

rock, and a prediction of the water quality at the site (whether acidic or alkaline) is obtained. 

 

The values that are compared are called the acid potential (AP) and the neutralising potential (NP). 

The comparison may be the difference between the two values, called the net neutralising potential 

(NNP) or the ratio of the two values, called the neutralisation potential ratio (NPR). Below are three 

tables showing the comparison ranges as well as the classification of the rock samples. 

 

Table 5.4 summarises the criteria against which the acid forming potential is measured based on 

the neutralisation potential ratio (NPR). Table 5.5 summarises the deduced acid generating 

potential based on the net neutralising potential (NNP). Table 5.6 summarises the rock 

classification based on a combination of the potential for acid formation and the sulphur content. 

 

Table 5.4: Neutralisation Potential Ratio (NPR) 

NPR = NP/AP Acid generating potential Comments 

<1:1 Likely Likely AMD generating 

1:1 to 2:1 Possible 
Possibly AMD generating if NP is insufficiently reactive or is 

depleted at a faster rate than sulphides 

2:1 to 4:1 Low 

Not potentially AMD generating unless significant 

preferential exposure of sulphides along fracture planes, or 

extremely reactive 

>4:1 Unlikely 
No further AMD testing required unless materials are to be 

used as a source of alkalinity 

 

Table 5.5: Net neutralising potential 

Net neutralising potential (NNP) NNP = NP-

AP 

Acid generating potential 

< -20 Likely to be acid generating 

>20 Not likely to be acid generating 

Between -20 and 20 Uncertain range 

 

Table 5.6: Rock classification 

Classification Acid forming potential Criteria 

TYPE I Potential acid forming Total S(%) > 0.25% and AP:NP ratio 1:1 or less 

TYPE II intermediate Total S(%) > 0.25% and AP:NP ratio 1:3 or less 

TYPE III Non acid-forming Total S(%) < 0.25% and AP:NP ratio 1:3 or greater 
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Sulphide percentage guidelines from Price et al are summarised in Table 5.7. 

 

Table 5.7: Sulphide – S percentage guidelines 

 NAG 

pH 

NPR ARD 

Potential 

Comment 

Sulphide-S 

<0.3% 

>5.5 - None No further AMD testing required provided there are no other 
metal leaching concerns. Exceptions: host rock with no basic 
minerals, sulphide minerals that are weakly acid soluble. 

Sulphide-S 

>0.3% 

<5.5 <1 Likely Likely to be AMD generating 

1-2 Possibly Possibly AMD generating if NP is insufficiently reactive or is 
depleted at a rate faster than that of sulphides 

2-4 Low Not potentially AMD generating unless significant preferential 
exposure of sulphides occurs along fractures or extremely 
reactive sulphides are present together with insufficiently 
reactive NP 

>4 None No further AMD testing required unless materials are to be 
used as a source of alkalinity. 

 

Six representative samples as described in Section 5.2.1 were submitted to the laboratory for 

analysis. The results from the tests are summarised in Table 5.8. From Table 5.8 it can be seen 

that in terms of the net neutralisation potential all the samples fall within the “uncertain” range of 

between -20 and 20. The neutralisation potential ratio of all the samples except “LC1 coal” is less 

than 1:1. Sample “LC1 coal” has a NPR of just above 1:1. 

 

In general the total sulphur percentage ranges between 0.22 and 1.22 %. Only “LC1 

Carbonaceous” shows an anomalously low value of 0.07 %. Comparing the test results to the 

guidelines set out in Table 5.7 it can be seen that in general the sulphide percentages are above 

0.3 % while the NPR is below 1:1. 

 

From the above guidelines and test results it is concluded that both the waste rock and the coal 

seam material that will be handled on site is likely to be AMD generating. Once the acid conditions 

have formed it is likely to be sustained for a prolonged period of time due to the high sulphide 

percentage. 

 
Table 5.8: ABA test results 

Sample Paste 

pH 

Total 

Sulphur 

% 

Acid 

Potential 

(AP) (kg/t) 

Neutralisation 

potential (NP) 

Net 

Neutralisation 

Potential (NNP) 

Neutralising 

Potential Ratio 

(NPR) (NP:AP) 

Rock 

Type 

BH5 

Carbonaceous 
7.7 0.22 6.88 3.66 -3.22 0.532 II 

BH4 

Carbonaceous 
7.9 0.47 15 2.43 -12 0.165 I 

BH5 Coal 7.6 0.85 27 21 -5.18 0.805 I 

BH1 

Carbonaceous 
7.7 0.31 9.69 3.40 -6.29 0.351 I 

LC1 

Carbonaceous 
8.2 0.07 2.19 -1.45 -3.64 0.663 II 

LC1 Coal 
7.7 1.22 38 40 1.67 1.04 I 
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5.3. Hydrogeology 

 

Two aquifers occur in the area. These two aquifers are associated with a) the upper weathered 

material, and b) the underlying competent and fractured rock material. 

 

5.3.1. Upper weathered material aquifer 

 

The upper aquifer forms due to the vertical infiltration of recharging rainfall through the weathered 

material being retarded by the lower permeability of the underlying competent rock material. 

Groundwater collecting above the weather / unweathered material contact migrates down gradient 

along the contact to lower lying areas. 

 

Aquifer thickness data was available from the monitoring borehole drilling results. The recorded 

data shows that the upper aquifer range in thickness between <1 and 9 m, with an average 

thickness of approximately 4.3 m. The maximum value of 9 m is not an absolute value for the 

entire study area. Deeper weathering can occur in areas where there is faulting or fracturing. 

 

It is considered that effectively between 1 and 3 % of the mean annual rainfall eventually reaches 

the groundwater table in the form of recharge to the aquifers (Grobbelaar, Usher, Cruywagen, de 

Necker, & Hodgson, 2004). Typical transmissivity values for this aquifer range between 0.1 and  

2 m2/day. 

 

The borehole yields in this aquifer are seasonally variable due to the strong dependence on rainfall 

recharge. Generally, it can be said that the yields of this aquifer during the rainy season can be 

around 1 to 3 L/s while sustainable yields will decrease markedly during the dry season. In some 

areas this aquifer will be laid completely dry during the dry season. 

 

The groundwater quality in undisturbed areas is good due to the dynamic recharge from rainfall. 

This aquifer is, however, more likely to be affected by contaminant sources situated on surface. 

 

Based on the combined effect of the relatively shallow nature of the weathered zone, where a 

number of areas have the competent rock outcropping on site, and the dependence on recharge 

from rainfall, it can be said that this aquifer is expected to show significant seasonal fluctuations. 

 

5.3.2. Lower fractured rock aquifer 

 

Although the lower permeability of the unweathered rock material will retard vertical infiltration of 

groundwater, a percentage of the water in the upper aquifer will recharge the lower aquifer. Direct 

recharge from rainfall can occur where the fractured, competent rock outcrops. In areas where the 

stream bases of the non-perennial rivers are located directly on top of the competent rock the 

aquifer can be directly recharged from the surface stream. 

 

The competent rock is subjected to fracturing associated with tectonic movements that took place 

during intrusion of dolerite dykes and sills into the older Karoo aged sandstone and shale 
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sediments. Groundwater flows in the lower aquifer are associated with the secondary fracturing in 

the competent rock and as such will be along discrete pathways associated with the fractures. 

Faults and fractures in the sandstone and shale can be a significant source of groundwater 

depending on whether the fractures have been filled with secondary mineralisation. 

 

5.3.3. Hydraulic conductivity 

 

Aquifer tests were performed on 5 of the 6 new boreholes that were drilled (BH1, BH2, BH4, BH5 

and LC1). Borehole BH3 was dry and could not be tested. The aquifer test data was analysed to 

calculate the aquifer transmissivity using the AquiferWin32 software package developed by 

Environmental Simulations, Inc. 

 

The obtained results for the tested boreholes are summarised in Table 5.9. From the table it can 

be seen that the aquifer transmissivities range between 0.1 and around 3 m2/day. The relatively 

low transmissivities measured in BH1 and BH2 (around 0.1 m2/day) reflect the general host 

geology. The relatively higher transmissivities measured from BH4 and BH5 (around 1 m3/day) 

represents fracture zones. The highest transmissivity seen in LC1 also reflect a fracture zone, 

possible a better developed zone than that seen in BH4 and BH5. 

 

These values are typical of the Karoo geology that occurs in the area. 

  

Table 5.9: Aquifer test results 

BH ID 

Constant rate test Transmissivity (m
2
/day) 

Pumping 

Rate (L/s) 

Drawdown 

obtained (m) 

Constant Test Period 

(minutes) 

Recovery 

period 

(minutes) 
Theis 

Cooper-

Jacob 
Hantush 

BH1 0.3 29.56 5 150 0.1 0.14 0.12 

BH2 0.2 28.18 35 360 0.09 0.1 0.07 

BH4 0.5 19.02 1 200 210 1.26 0.91 1.16 

BH5 0.8 35.82 1 440 480 0.93 0.96 1.10 

LC1 1.5 21.45 1 440 360 2.37 2.84 3.78 

 

5.4. Groundwater levels 

 

A hydrocensus was undertaken during April 2017 to identify and document groundwater users in 

the region. An additional five monitoring boreholes were drilled in the project area. In total 16 

boreholes were located in the field. Four of the hydrocensus boreholes could not be accessed to 

measure the depth to groundwater level due to the equipment installed in the boreholes. Borehole 

BH3 that was drilled during this study was dry and no groundwater level measurement could be 

taken. 

 

The results of the hydrocensus are summarised in Table 5.10 and shown graphically in Figure 5.1. 

From Figure 5.1 it can be seen that the measured depth to groundwater level ranges between 2.37 

and 11.30 mbgl. 
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Looking at the data in Figure 5.1 and Figure 5.2 it can be seen that there is a slight grouping in the 

depth to groundwater level in the area. The groupings are: 

 

 Depth to groundwater level to a maximum of 4.3 mbgl (shown in blue in both figures); 

 Depth to groundwater level of more than 6.5 mbgl (shown in brown in both figures). 

 

As discussed in Section 5.3 of this report, there are two aquifers present in the area. The first being 

the weathered material aquifer, and the second being the fractured rock aquifer. Based on the data 

collected during the drilling program the average depth of the weathered material aquifer was 

calculated to be 4.33 m, which corresponds to the first grouping of groundwater levels seen in the 

area. From this, it is concluded that the groundwater levels less than 4.3 m are associated with the 

weathered material aquifer. This includes the following points: Te Water BH1, Community BH, 

BH1, BH2, BH4 and LC1 (shown in blue in Figure 5.1 and Figure 5.2). 

 

The remaining boreholes (Te Water BH2, Bosman BH1, ESW33, Uitgedagt BH, and BH5 – shown 

in brown in both figures) where the depth to groundwater level range from 6.5 m and deeper, are 

considered to represent the groundwater levels in the fractured rock aquifer. 

 

In areas where there are no large scale external impacts on the groundwater environment, such as 

the lowering of groundwater level through dewatering, and where the geology and aquifer 

interactions are not excessively complex it is expected that the groundwater level contours will 

reflect topographical contours, although at a moderated gradient. 

 

The plotted groundwater level and topographical elevations for both aquifers are shown in Figure 

5.2. From the figure it can be seen that the weathered material aquifer show a 99 % correlation 

between topographical and groundwater level elevations. Similarly, the fractured rock aquifer 

shows a 95 % correlation between the topographical and groundwater level elevations. These are 

very high correlations between the groundwater level and topographical elevations, and the 

correlations are calculated from limited data sets. However, it can be concluded that the 

groundwater levels in both aquifers mimic topography. 

 

Bayesian interpolation is used to interpolate the groundwater levels throughout the study area. 

Groundwater level elevation contours as calculated for the weathered material aquifer are shown in 

Figure 5.3. Groundwater level contours for the fractured rock aquifer follow similar patterns but are 

not shown. 
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Figure 5.1: Depth to groundwater level 

 

 
Figure 5.2: Topographical versus groundwater level elevation plot 
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Figure 5.3: Hydrocensus borehole positions and groundwater level elevation contours 
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Table 5.10: Hydrocensus results 

Borehole 
Easting Northing Elevation Groundwater level 

Owner Water use 
WGS84, LO29 WGS84, LO29 mamsl mbgl mamsl 

Te Water BH1 50 974 -2 910 188 1609.66 2.45 1607.21 Dewalt te Water Pump broken 

Te Water BH2 51 475 -2 909 990 1596.84 7.13 1589.71 Dewalt te Water Pump broken 

Bosman BH1 50 127 -2 906 303 1611.39 11.30 1600.09 Adolf Bosman Domestic 

Community Borehole 49 672 -2 909 065 1595.84 3.48 1592.36 Community Monitoring borehole 

Community Windpump 49 605 -2 909 241 1597.99 Not accessible Community Domestic 

Community Handpump 49 651 -2 909 478 1597.33 Not accessible Community Domestic 

Bosman Handpump 49 141 -2 910 153 1615.66 Not accessible Adolf Bosman Domestic 

ESW 33 48 956 -2 910 746 1611.2 7.80 1603.40 Adolf Bosman Monitoring borehole 

Vilakasi BH 47 962 -2 911 669 1621.62 Not accessible Vilakasi Village Domestic 

Uitgedagt BH 46 200 -2 908 766 1595.99 6.35 1589.64 Uitgedagt Monitoring borehole 

BH1 48 370 -2 908 614 1609.61 4.30 1605.31 Mmakau Coal Monitoring borehole 

BH2 48 869 -2 907 847 1598.15 2.88 1595.27 Mmakau Coal Monitoring borehole 

BH3 49 397 -2 906 826 1585.49 Dry Mmakau Coal Monitoring borehole 

BH4 49 700 -2 909 659 1595.31 3.69 1591.62 Mmakau Coal Monitoring borehole 

BH5 49 412 -2 905 947 1601.49 8.93 1592.56 Mmakau Coal Monitoring borehole 

LC1 49 117 -2 907 789 1596.82 2.37 1594.45 Mmakau Coal Exploration borehole 

 

mbgl = metres below ground level 

mamsl = metres above mean sea level 

All coordinates are provided in Transverse Mercator projection (LO29), and WGS84 datum 
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5.5. Groundwater potential contaminants 

 

There are a number of potential contaminant areas associated with the proposed mining activities. 

These include: 

 

 Workshops: 

o Plant; 

o LDV; 

 Fuel farm; 

 Waste water treatment plant; 

 Mining related: 

o Mine access and boxcut; 

o Underground mining area; 

 Surface stockpiles: 

o Topsoil stockpile; 

o Overburden stockpile; 

o Discard stockpile; 

o Discard dump; 

o ROM stockpile; 

 Plant and process related: 

o Process plant; 

o Product stockpiles; 

 Water management infrastructure: 

o Process water tank; 

o Underground water reservoir; and 

o PCD. 

 

For the purpose of this discussion it is assumed that good housekeeping such as storage of 

potentially hazardous material will be within properly constructed and lined or paved areas. Oil 

traps will be sized, operated and maintained to contain all discarded oil from working areas etc. 

Waste from the waste treatment plant is assumed to be discarded in the appropriate discard 

facilities. 

 

The underground mine, surface stockpiles, and water management infrastructure is assumed to be 

a potential source of contamination due to acid mine drainage conditions forming as shown from 

the ABA testing that was done. Leach testing results can be used to determine the potential source 

concentrations at these points. Due to the fact that AMD conditions are likely to develop from the 

material that will be handled on site (both coal seam and waste rock material) reference would be 

made to leach test results that replicate low pH conditions in order to obtain an indication of the 

source concentrations. 

 

However, the testing specified in Regulation 635 (section 5 (1) (c)) calls for leach testing of waste 

to be disposed of without any other wastes using reagent water which does not replicate the 

expected site conditions. From the leach testing results (please refer to Table 5.3) it can be seen 
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that with the exception of sample “LC1 carbonaceous” all the samples comply with the LCT0 

guidelines. Elements such as sulphate which is expected to be present in elevated concentrations 

does not show the expected concentrations. Therefore, it was decided to apply a generic approach 

during the impact assessment modelling. The results can then be applied to any contaminants that 

may be identified. 

 

A value of 100 is assigned to the pollution source areas; in this case the underground mine area, 

mine residue, overburden and topsoil stockpile areas, process water dams and settling dams. In 

effect this represents 100 % of the starting concentration of any contamination. The plume 

distribution then represents the percentage of starting concentration that will be measured at a 

specific point. For example should the plume at a specific point indicate a value of 50, it indicates 

that the element concentration at the point and time is expected to be 50 % of the initial source 

concentration. 

 

5.6. Groundwater quality 

 

The chemical analysis results of the ten groundwater samples taken from the study area (5 from 

hydrocensus points and 5 from newly drilled boreholes) are summarised in Table 5.11 and are 

compared to the SANS 241:2015 drinking water standards. The standard represents a numerical 

limit of the listed element concentrations that will protect the health of the consumer over a lifetime 

of consumption. All elements that exceed the guidelines are highlighted and their aesthetic and 

health impacts discussed below at the hand of the information contained in the South African 

Water Quality Guidelines for domestic use as published by the Department of Water Affairs in 

1996. 

 

In general it can be said that the groundwater qualities are quite good and complies with the 

SANS241:2015 drinking water guidelines. Only some individual element concentrations are slightly 

elevated in individual samples. 

 

Fluoride: The fluoride concentration is measured at 2.97 mg/L in borehole LC1, which exceeds the 

guideline value of 1.5 mg/L slightly. 

 

The presence of fluoride in drinking water reduces the occurrence of dental cavities in adults and 

children. A small amount of fluoride is necessary for proper hardening of dental enamel and to 

increase resistance to attack on tooth enamel by bacterial acids. In humans and animals, fluoride 

accumulates in the skeleton. 

 

If fluoride is ingested, it is almost completely absorbed, where after it is distributed throughout the 

body. Most of the fluoride is retained in the skeleton and a small proportion in the teeth. Fluoride 

accumulates most rapidly in the bones of the young, but continues to accumulate up to the age of 

55. It is excreted primarily in urine. The rate of fluoride retention decreases with age, and most 

adults are considered to maintain a steady state whereby accumulation of toxic amounts of fluoride 

is avoided by a balance between skeletal sequestration and renal excretion. 
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The difference between concentrations of fluoride that protect tooth enamel and those that cause 

discolouration is marginal. Discolouration of dental enamel and mottling occurs at concentrations in 

the range of 1.5 - 2.0 mg/L in persons whose teeth are undergoing mineralisation. Generally, 

children up to seven years of age are susceptible. 

 

High doses of fluoride interfere with carbohydrate, lipid, protein, vitamin, enzyme and mineral 

metabolism. Skeletal fluorosis may occur when concentrations of fluoride in water exceed 3 - 6 

mg/L and becomes crippling at intakes of 20 - 40 mg/day. This is equivalent to a fluoride 

concentration of 10 - 20 mg/L, for a mean daily water intake of two litres. Systemic toxicity and 

interference with bone formation and metabolism occur at high concentrations. 

 

Chronic effects on the kidneys have been observed in persons with renal disorders and rarer 

problems, including effects on the thyroid gland, which may occur with long-term exposure to high 

fluoride concentrations. Acute toxic effects at high fluoride doses include haemorrhagic 

gastroenteritis, acute toxic nephritis and injury to the liver and heart- muscle tissues. Many 

symptoms of acute fluoride toxicity are associated with the ability of fluoride to bind to calcium. 

Initial symptoms of fluoride toxicity include vomiting, abdominal pain, nausea, diarrhoea and 

convulsions. 

 

At the measured concentration of 2.97 mg/L mottling and tooth damage will probably be noticeable 

in most continuous users of the water. No other health effects occur. 

 

Nitrate: The nitrate concentration in borehole Te Water BH1 (23 mg/L) exceeds the SANS 241 

guideline of 11 mg/L. 

 

Nitrate tends to increase in shallow ground water sources in association with agricultural and urban 

runoff, especially in densely populated areas. Nitrate together with phosphates stimulate plant 

growth. In aquatic systems elevated concentrations generally give rise to the accelerated growth of 

algae and the occurrence of algal blooms. Algal blooms may subsequently cause problems 

associated with malodours and tastes in water and the possible occurrence of toxicity. 

 

Upon absorption, nitrite combines with the oxygen-carrying red blood pigment, haemoglobin, to 

form methaemoglobin, which is incapable of carrying oxygen. This condition is termed 

methaemoglobinaemia. The reaction of nitrite with haemoglobin can be particularly hazardous in 

infants under three months of age and is compounded when the intake of Vitamin C is inadequate. 

 

At the measured concentration methaemoglobinaemia occurs in infants. There is also an 

occurrence of mucous membrane irritation in adults. 

 

Aluminium: The elevated aluminium concentration in BH1 is measured at 0.39 mg/L, exceeding 

the SANS241:2015 health guideline of 0.3 mg/L slightly. 

 

Aluminium does not appear to be an essential nutrient for humans and is for all practical purposes 

non-toxic at near-neutral pH values in unpolluted environments. Aluminium salts are not normally 
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absorbed from food and water, but are complexed with phosphate and excreted in the faeces. The 

dietary intake of aluminium can be as much as 10 mg/day. 

 

Aluminium does not occur in the elemental form, but its minerals, particularly the silicates of 

aluminium, are widespread. Aluminium occurs in water in two main phases, either as suspended 

aluminium minerals or as dissolved aluminium species. Where aluminium occurs as a hydrated 

Al(III) cation, it hydrolyses and precipitates as insoluble aluminium hydroxide around neutral pH. 

The concentration of dissolved aluminium in unpolluted water at neutral pH is 0.005 mg/L or less. 

In acidic waters, or where soluble aluminium complexes are present, the dissolved aluminium 

concentration can rise to high mg/L values. 

 

Aluminium oxide and hydroxide are insoluble in water around neutral pH, but dissolve under 

strongly acidic or strongly alkaline conditions. As such, the interactions of aluminium are strongly 

influenced by pH, the chemistry of the aluminium hydroxide and the nature of available organic and 

inorganic complexing ligands. For example, fluoride can keep aluminium in solution at neutral pH. 

 

The main effects of aluminium in domestic water are aesthetic, relating to discolouration in the 

presence of iron or manganese. Aluminium is also used in water treatment processes, which may 

result in increased concentrations of aluminium in the final water. 

 

Prolonged exposure to aluminium has been implicated in chronic neurological disorders such as 

dialysis dementia and Alzheimer's disease. It is, however, not clear whether the presence of 

aluminium causes such conditions or is an indicator of other factors. Therefore, the link between 

aluminium in water and adverse effects on human health remains to be conclusively identified. 

 

At the measured concentration (0.39 mg/L) intake from food may exceed 5% of the total dietary 

intake but no effects on health are expected. Noticeable adverse aesthetic effects (colour) occur 

when aluminium is present in associations with iron or manganese. 

 

Zinc: The zinc concentration at Te Water BH1 was measured at 5.26 mg/L which slightly exceed 

the SANS241:2015 guideline value of 5 mg/L. 

 

Zinc is an essential nutritional trace element for plants and animals. Humans have a high tolerance 

level to elevated zinc concentrations, while fish are highly susceptible to poisoning. 

 

Elevated zinc concentrations at neutral and alkaline pH arise where zinc occurs largely as a 

colloidal suspension of zinc hydroxide which imparts a milky white appearance to the water. 

 

At concentrations sufficient to cause gastrointestinal disturbances, zinc imparts a bitter astringent 

taste, and an opalescent or milky appearance to water. It does not pose a hazard since the 

vomiting reflex is activated to rid the body of high levels. 

 

At the measured concentration (5.29 mg/L) there is a clearly discernible bitter taste and 

opalescence. No health effects are expected. 
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Table 5.11: Groundwater chemical analysis results 

Analysis Units 
SANS 241:2015 

guideline value 

Te Water BH1 Bosman BH1 Community 

Borehole 

Community 

Windpump 

Bosman 

handpump 

BH1 BH2 BH4 BH5 LC1 

pH  ≥5 - ≤9.7 7.6 8.18 8.05 8.28 8.48 7.97 8.22 8.28 8.1 8.51 

Electrical Conductivity (EC) mS/m ≤170 63.7 49.7 48.1 30.8 54.7 31.9 41.2 40.7 27.1 56.1 

Total Dissolved Solids (TDS) mg/L ≤1 200 361 269 263 175 322 199 250 278 166 348 

Total alkalinity mg/L CaCO3 N/L 99.7 178 170 156 210 159 207 182 104 298 

Calcium (Ca) mg/L N/L 45.6 27.8 45.1 29 53.5 8.79 16.5 20.8 16.9 16.2 

Potassium (K) mg/L N/L 18.2 6.46 9.69 4.42 8.4 6.1 2.18 6.76 3.88 3.69 

Magnesium (Mg) mg/L N/L 24.8 11.3 15.4 15.5 26 5.94 8.61 7.83 12.2 8.31 

Sodium (Na) mg/L ≤200 29.9 61.8 32.7 19.6 31.8 57.3 69.2 65.7 20.8 111 

Chloride (Cl) mg/L ≤300 68.8 46.4 34.4 4.79 16.3 12.7 19.6 9.52 10.3 21.3 

Fluoride (F) mg/L ≤1.5 0.466 0.298 <0.263 0.301 <0.263 0.584 1.38 0.799 0.351 2.97 

Nitrate (NO3) mg/L ≤11 23 0.224 2.75 0.346 1.56 0.241 0.253 0.305 6.27 0.242 

Phosphate (PO4) mg/L N/L 0.023 0.015 0.019 0.014 0.012 <0.005 <0.005 <0.005 <0.005 <0.005 

Sulphate (SO4) mg/L ≤500 (health) 10.3 4.9 10.3 4.27 50.7 9.23 4.78 54 9.81 <0.141 

Aluminium (Al) mg/L ≤0.3 <0.002 <0.002 <0.002 <0.002 <0.002 0.39 <0.002 <0.002 <0.002 <0.002 

Cadmium (Cd) mg/L ≤0.003 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

Cobalt (Co) mg/L N/L <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 

Chromium (Cr) mg/L ≤0.05 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 

Copper (Cu) mg/L ≤2 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

Iron (Fe) mg/L ≤2 (health) <0.004 <0.004 <0.004 <0.004 <0.004 0.158 0.489 <0.004 <0.004 <0.004 

Manganese (Mn) mg/L ≤0.4 (health) <0.001 0.047 <0.001 <0.001 <0.001 0.3 0.243 <0.001 <0.001 <0.001 

Nickel mg/L ≤0.07 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 

Lead (Pb) mg/L ≤0.01 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 <0.004 

Zinc (Zn) mg/L ≤5 5.26 <0.002 0.224 0.574 0.17 <0.002 <0.002 <0.002 <0.002 <0.002 

Total Hardness mg/L CaCO3 N/L 216 116 176 136 240 46 77 84 92 75 

 Exceed SANS241:2015 guideline values 

N/L = No guideline specified 
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6. Aquifer characterisation 

 

6.1. Groundwater vulnerability 

 

For aquifer vulnerability reference is made to the aquifer vulnerability map of South Africa which 

shows a moderate aquifer vulnerability for the project area. 

 

6.2. Aquifer classification 

 

The aquifers present in the area are classified as minor aquifer, but of high importance to the local 

landowners as it is their sole source of water for domestic and agricultural (stock watering and 

irrigation) purposes. 

 

7. Groundwater modelling 

 

7.1. Software model choice 

 

The numerical model was constructed using MODFLOW based software, which is an 

internationally developed, recognised and used software package. The model includes all 

parameters discussed in previous sections of this report and takes into consideration aspects such 

as: 

 

 The different aquifers present in the area and their interrelation to each other; 

 Recharge from rainfall; 

 Aquifer transmissivities, effective porosity, vertical hydraulic conductance etc.; 

 Groundwater flow patterns and velocities; 

 Geological lithological units and features such as the extensive faulting that occur in the 

area; and 

 Topographical elevations of surface, the contact between weathered material and 

competent rock. 

 

7.2. Model setup and boundaries 

 

The model domain is irregularly shaped and defined by the following boundaries: 

 

 On the northern boundary by the Olifants River; 

 On the eastern boundary by a topographical high that forms a groundwater flow divide; 

 On the southern boundary by a combination of non-perennial streams and topographical 

highs that form groundwater flow divides; and 

 On the eastern boundary by topographical highs that form groundwater flow divides. 
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7.3. Groundwater elevation and gradient 

 

Groundwater elevations and gradients used in the numerical models were derived from the 

groundwater levels and flow gradients recorded during the hydrocensus of the area. The data was 

incorporated as “initial heads” and further consolidated during the calibration process where the 

groundwater levels and flow contours obtained from the model calculations replicated those 

measured in the field. 

 

7.4. Geometric structure of the model 

 

The model grid was designed within the delineated model boundary and the proposed Schurvekop 

developments. The high resolution grid areas overlay the underground mine and surface 

infrastructure areas; with a coarser grid in the far reaches of the model (please refer to Figure 7.1). 

At the finest resolution the model grid is 25 m x 25 m, while the coarsest grid size at the outer limits 

of the model area is 200 m x 100 m. 

 

A total of six layers were assigned to the model, with each layer representing a different aquifer or 

zone of interest: 

 Layer 1: The upper weathered material aquifer;  

 Layer 2: The fractured rock aquifer overlying the 4 seam underground mine; 

 Layer 3: The 4 seam underground mine; 

 Layer 4: The fractured rock aquifer separating the 4 seam and 2 seam operations; 

 Layer 5: The 2 seam underground mine; and 

 Layer 6: A 25 m thick section of the fractured rock aquifer underlying the 2 seam operations 

in order to account for possible groundwater underflows and upwelling into the mine floor. 

 

7.5. Groundwater sources and sinks 

 

Groundwater sources include: 

 

 Rainfall recharge (represented by the “recharge” package); 

 Recharge from surface streams (represented by the “river” package). 

 

Groundwater sinks include: 

 

 Baseflow contribution to perennial streams (represented by the “river” package); 

 Baseflow contribution to non-perennial streams (represented by the “drains” package; 

 Evapotranspiration (incorporated in the “recharge” package); and 

 Mine dewatering (represented by the “drain” package). 
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7.6. Conceptual model 

 

7.6.1. Groundwater flows 

 

The baseline data is analysed and compiled into a conceptual model which is summarised below. 

 

Two aquifers occur in the area. These two aquifers are associated with the upper weathered 

material, and the underlying competent and fractured rock material. The upper aquifer has an 

average depth of approximately 4.33 m. 

 

Groundwater flow in the lower fractured aquifer is associated with the secondary fracturing in the 

competent rock and as such will be along discrete pathways associated with the fractures. Faults 

and fractures in the sandstone and shale can be a significant source of groundwater depending on 

whether the fractures have been filled with secondary mineralisation. 

 

Analysis of the depth to groundwater level data show that there is a slight disconnect between the 

weathered material and the fractured rock aquifers. Depth to groundwater level in the weathered 

material aquifer extend to 4.3 mbgl, while the groundwater levels in the fractured rock aquifer 

range from 6.5 mbgl and deeper. Groundwater flow patterns generally mimic topography in the 

study area. 

 

It is considered that effectively 1 to 2 % of the mean annual rainfall eventually reaches the 

groundwater table after taking into account evaporation, transpiration and seasonal variance in 

rainfall.  

 

7.6.2. Contaminant transport 

 

There are a number of potential contaminant areas associated with the proposed mining activities. 

These include: 

 

 Workshops: 

o Plant; 

o LDV; 

 Fuel farm; 

 Waste water treatment plant; 

 Mining related: 

o Mine access and boxcut; 

o Underground mining area; 

 Surface stockpiles: 

o Topsoil stockpile; 

o Overburden stockpile; 

o Discard stockpile; 

o Discard dump; 

o ROM stockpile; 
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 Plant and process related: 

o Process plant; 

o Product stockpiles; 

 Water management infrastructure: 

o Process water tank; 

o Underground water reservoir; and 

o PCD. 

 

It is assumed that good housekeeping such as storage of potentially hazardous material will be 

within properly constructed and lined or paved areas. Oil traps will be sized, operated and 

maintained to contain all discarded oil from working areas etc. Waste from the waste treatment 

plant is assumed to be discarded in the appropriate discard facilities. 

 

The underground mine, surface stockpiles, and water management infrastructure is assumed to be 

a potential source of contamination due to acid mine drainage conditions forming as shown from 

the ABA testing that was done. Leach testing results as specified in Regulation 635 do not 

replicate acidic conditions; therefore it was decided to apply a generic approach during the impact 

assessment modelling. The results can then be applied to any contaminants that may be identified. 

 

A value of 100 is assigned to the pollution source areas; in this case the underground mine area, 

mine residue, overburden and topsoil stockpile areas, process water dams and settling dams. In 

effect this represents 100 % of the starting concentration of any contamination. The plume 

distribution then represents the percentage of starting concentration that will be measured at a 

specific point. For example should the plume at a specific point indicate a value of 50, it indicates 

that the element concentration at the point and time is expected to be 50 % of the initial source 

concentration. 
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Figure 7.1: Model area, mesh sizing grid and boundaries 
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8. Geohydrological impacts 

 

The environmental impact assessment is conducted based on the available information and the 3D 

numerical groundwater flow and contaminant transport modelling that was done. The model was 

constructed based on site specific information gathered during the study and calibrated using the 

groundwater levels measured during the hydrocensus. 

 

Impacts from the proposed mining activities were evaluated and include: 

 

 Dewatering of the underground mine and the associated impacts on the surrounding 

groundwater environment; 

 Contaminant migration away from the mining area; 

 Impacts on surface water flow volumes due to mine dewatering and the possible reduction 

in baseflow contribution to streams and wetland areas; 

 Impacts on the surface water quality due to contaminant migration away from the mining 

area; and 

 Potential decant from the mining area. 

 

During the risk assessment the risk to the groundwater levels and quality were evaluated. Each of 

the identified risks was then rated. The rating methodology used is as described in Table 8.1. 

 

The rating is described as follows: 

 

 Score out of 100  Significance 

1 to 20 Low 

21 to 40 Moderate to Low 

41 to 60 Moderate   

61 to 80 Moderate to high 

81 to 100 High 

 

Will mitigation be possible (yes or no)?  Mitigation measures are further discussed in the EMP 

section, where post mitigation significance of impacts is also given. 

 

The Degree of irreplaceable loss of resource has also been evaluated in the impact assessment 

table. This has been rated in three categories, including: 

 

Degree of loss  

Low 
The resource is renewable or able to recover and therefore 
negligible loss expected. 

Moderate   
Resource is at risk of permanent loss but management measures 
can reduce risk of loss or resource can recover over time or with 
rehabilitation efforts.  

High 

Resource will be severely affected and loss will be irreplaceable or 
very long term, or rehabilitation efforts would be unduly expensive 

and not economically viable.   
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Table 8.1: Impact rating methodology 

The status of an impact 

Score Status Description 

Pos Positive: a benefit to the holistic environment 

Neg Negative: a cost to the holistic environment 

Neut Neutral: no cost or benefit 

The duration of the impact 

Score Duration Description 

1 Short term Less than 2 years 

2 Short to medium term 2 – 5 years 

3 Medium term 6 – 25 years 

4 Long term 26 – 45 years 

5 Permanent 46 years or more 

The extent of an impact 

Score Extent Description 

1 Site specific Within the site boundary  

2 Local Affects immediate surrounding areas 

3 Regional Extends substantially beyond the site boundary 

4 Provincial Extends to almost entire province or larger region  

5 National Affects country or possibly world 

The reversibility of the impact 

Score Reversibility Description 

1 Completely reversible Reverses with minimal rehabilitation & negligible residual affects 

3 Reversible Requires mitigation and rehabilitation to ensure reversibility 

5 Irreversible Cannot be rehabilitated completely/rehabilitation not viable 

The effect (severe or beneficial) of the impact  

Score Severe/beneficial 
effect 

Description 

1 Slight Little effect - negligible disturbance/benefit  

2 Slight to moderate Effects observable - environmental impacts reversible with time 

3 Moderate Effects observable - impacts reversible with rehabilitation 

4 Moderate to high Extensive effects - irreversible alteration to the environment  

5 High Extensive permanent effects with irreversible alteration 

The probability of the impact 

Score Rating Description 

1 Unlikely Less than 15% sure of an impact occurring 

2 Possible Between 15% and 40% sure of an impact occurring 

3 Probable Between 40% and 60% sure that the impact will occur 

4 Highly Probable Between 60% and 85% sure that the impact will occur 

5 Definite Over 85% sure that the impact will occur 

   

The Consequence   = Severity + Spatial Scale + Duration + Reversibility. 

  

The Significance  = Consequence x Probability. 
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8.1. Construction phase 

 

It is proposed that Schurvekop will be accessed via a boxcut and decline system. During the 

construction phase the box cut will be developed and the decline started. The boxcut and decline 

will breach the groundwater level and the workings will have to be dewatered in order to ensure 

safe working conditions. The groundwater level around the boxcut and decline will be lowered due 

to the dewatering. The zone of influence of the dewatering is expected to extend less than 200 m 

from the excavations. Groundwater inflow volumes into the boxcut and decline are expected to be 

less than 100 m3/day. 

 

Construction of the surface infrastructure is not expected to breach the groundwater level, 

therefore, it is not expected that there will be any notable impact on the groundwater levels and 

flow patterns due to the surface construction. 

 

The upper weathered material aquifer will be at risk of contamination during the construction phase 

due to the shallow nature of the groundwater combined with the relatively high transmissivity of the 

weathered material. Any accidental spills on surface can easily seep into the ground and migrate 

vertically to join the saturated zone at around 2 to 4 m below surface. 

 

It is assumed that good housekeeping practices will prevent or limit accidental hydrocarbon spills 

from construction vehicles, the workshops, or the fuel farm. 

 

Seepage from surface stockpiles of the topsoil, overburden or discard could potentially 

contaminate the underlying aquifers. However, the time period of the construction phase is limited 

and no extensive impacts are expected. 

 

8.2. Operational phase 

 

8.2.1. Impacts on groundwater quantity 

 

8.2.1.1. Groundwater level drawdown 

 

The underground mining will be done using a mechanised board and pillar method using 

continuous miners. The mine floor elevations are below the general groundwater level thus causing 

groundwater flows into the underground mining area from the surrounding aquifers during 

operations. 

 

The 3D numerical groundwater flow model was used to simulate the development of the 

groundwater level drawdown cone over time in the vicinity of the underground mine area. The 

provided mine plan that indicates a fourteen year life of mine for the operations was used. Mining 

of the 4 seam workings will start first (indicated as 2017 in the mine schedule), while mining of the 

2 seam area will start the following year (2018 according to the mine schedule). Mining of both 

seams are scheduled to stop during 2030. 
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Numerical modelling shows that during the life of operations the groundwater flow directions in the 

vicinity of the underground mine will be directed toward the mine area. This is due to mine 

dewatering causing the groundwater levels to be drawn down to the mine floor elevations. 

 

The maximum drawdown in the groundwater level from pre-mining levels in the upper weathered 

aquifer is negligible and calculated at less than 1 m due to the slight disconnect that exist between 

the fractured rock aquifer within which the mining is located, and the weathered material aquifer. 

This disconnect is discussed in more detail in Section 5.4 of this report. The zone of influence of 

the groundwater level drawdown in the weathered material aquifer is calculated to be less than  

100 m. This impact is considered to be minor. 

 

The drawdown in the groundwater level in the fractured rock aquifer around the 4 seam and 2 

seam underground workings will be more severe than the impact on the weathered material aquifer 

due to the fact that the aquifer is directly exposed to the mine dewatering. 

 

The cone of groundwater level drawdown will expand and migrate over the life of the operations as 

the active mining front migrates through the area and the mined-out area expands. The drawdown 

in groundwater level will be the most severe at the end of life of mine due to the largest area being 

excavated and dewatered. 

 

Groundwater flow simulations show that the maximum drawdown in groundwater level around the 

4 seam workings is expected to be in the order of 45 m from pre-mining levels. The zone of 

influence of the groundwater level drawdown is calculated to reach a maximum distance of 

approximately 1 300 m from the excavated workings. A 2 m cut-off is used in determining the zone 

of influence of the drawdown cone based on the consideration that a 2 m fluctuation is in the same 

order as the natural seasonal fluctuation. The calculated groundwater level drawdown cone around 

the 4 seam workings is shown in Figure 8.1 

 

The maximum drawdown in groundwater level around the 2 seam workings is calculated to be 

approximately 75 m from pre-mining levels. The zone of influence of the drawdown cone around 

the 2 seam workings is expected to extend up to 1 600 m from the edge of the underground 

excavations. The groundwater level drawdown cone is shown in Figure 8.2. 

 

From Figure 8.1 and Figure 8.2 it can be seen that the zone of influence of the groundwater level 

drawdown cone will underlie a number of streams in the area. These streams include the unnamed 

tributary to the Olifants River west of the mining area, the Joubertsvleispruit, and the Viskuile River. 

From this it would appear that there will be an impact on the stream flow volumes due to a 

reduction in baseflow contribution. 

 

However, it has to be kept in mind that the majority of the baseflow contribution to the streams will 

be from the weathered material aquifer. As discussed above, the numerical modelling simulations 

show that the impact on the weathered material aquifer due to mine dewatering is very little, with 

the maximum reduction in groundwater levels expected to be less than 1 m from pre-mining levels. 
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Based on the above it is concluded that the impact on the stream flow volumes due to decreased 

baseflow contribution will be mitigated by the slight hydraulic disconnect between the weathered 

material aquifer and the fractured rock aquifer. Using the available information it is calculated that 

the impact on baseflow contribution to the streams will be less than 1 %. 

 

The groundwater levels in the privately owned boreholes around the mining area, which fall within 

the zone of influence of the groundwater level drawdown in the fractured rock aquifer, will be 

impacted by the mine dewatering and the associated reduction in groundwater level in the 

fractured rock aquifer. Figure 8.1 and Figure 8.2 show that four of the hydrocensus boreholes 

(Bosman BH1, Community Borehole, Community Handpump, and Community Windpump) will be 

impacted by the groundwater level drawdown in the area. The impacts are summarised in Table 

8.2. 

 

From the table it can be seen that the maximum drawdown in groundwater level at “Bosman BH1” 

is calculated to be 37 m. The first year of measurable impact (2 m reduction in groundwater level) 

is expected to be during year 3 of the life of mine. The reduction in groundwater level in boreholes 

“Community Borehole”, “Community Handpump”, and Community Windpump” is expected to be in 

the order of 65 to 70 m. The first year of impact at these boreholes is year 8 of the life of mine. 

 

These reductions in groundwater level in the boreholes will impact on the sustainable yields of the 

boreholes. In addition, it should be noted that the depth of these four boreholes that will be 

impacted could not be measured during the hydrocensus due to the equipment installed blocking 

access. In addition, the landowners could not provide information on the borehole depths. It is 

possible that with drawdowns in groundwater levels of between 37 and 67 m, some of these 

boreholes could be rendered completely dry. Even with a partial reduction in sustainable yield it is 

possible that the boreholes cannot meet the supply requirements of the landowners. In this case 

Schurvekop will have to provide water of similar quantity and quality to the landowners. 

 

Table 8.2: Impacts on surrounding boreholes due to mine dewatering 

Borehole Groundwater level 

drawdown (m) 

First year 

of impact 

Borehole use Owner 

Bosman BH1 
37 3 Domestic (10 000 L/week) 

Adolf 

Bosman 

Community 

Borehole 
67 8 Monitoring borehole Community 

Community 

Handpump 
65 8 Domestic Community 

Community 

Windpump 
65 8 Domestic Community 
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8.2.1.2. Groundwater inflows into the underground mine 

 

Groundwater inflows volumes into the 2 seam and 4 seam mine areas over the life of operations 

were calculated using the 3-D numerical groundwater flow model. The obtained results are 

summarised in Table 8.3. From the table it can be seen that the groundwater inflow volumes into 

the 4 seam workings will start off at around 130 m3/day during the first year of operations. The 

groundwater inflows into the 4 seam workings steadily increase over time to reach a maximum of 

around 400 m3/day at the end of life of mine. This increase in groundwater inflow volume is due to 

the increase in excavation area and seep wall area. 

 

Groundwater inflows into the 2 seam workings start off at around 180 m3/day and increase to a 

maximum of approximately 455 m3/day. 

 

The total groundwater inflow volume into the combined 4 seam and 2 seam workings increase 

from 130 m3/day at the start of mining to a maximum of 860 m3/day at the end of life of mine. 

 

It should be noted that there is some uncertainty around the hydraulic conductivity and competency 

of the rock material that separates the 4 seam and 2 seam operations. Furthermore, it is uncertain 

what impact blasting and fracturing will have on the hydraulic conductivity of the rock material 

surrounding the underground workings. Therefore, it is possible that dewatering requirements from 

the 2 seam workings will be somewhat higher than that stated in Table 8.3. However, should the 

inflows into the 2 seam workings increase, it is expected that there will be a corresponding 

decrease in inflow volumes into the 4 seam workings and the overall combined volume will remain 

the same to within 15 % of the stated volumes. 

 
Table 8.3: Groundwater inflow volumes into the underground mining area 

Year 
Expected groundwater inflow volume (m3/day) 

4 seam 2 seam Combined 

2017 130  130 

2018 135 180 315 

2019 145 225 370 

2020 165 275 440 

2021 140 270 410 

2022 155 260 415 

2023 170 260 430 

2024 215 245 460 

2025 255 235 490 

2026 265 315 580 

2027 285 310 595 

2028 285 325 610 

2029 355 365 720 

2030 405 455 860 
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8.2.2. Groundwater contamination 

 

The contaminant migration was simulated using the 3D numerical models. The resulting plumes at 

the end of life of mine can be viewed in Figure 8.3. 

 

Mine dewatering cause the groundwater flow patterns in the fractured rock aquifer to converge on 

the 4 seam and 2 seam underground workings. This will prevent contamination from the 

underground mining areas to escape into the surrounding aquifers and migrate away from the 

underground mining areas. 

 

As described in Section 8.2.1 of this report the weathered material aquifer will not be notable 

impacted by the mine dewatering due to the slight hydraulic disconnect between the weathered 

material aquifer and the fractured rock aquifer. This allows natural groundwater flow patterns to 

remain, and thus also allows contamination entering the weathered material aquifer from the 

surface infrastructure to migrate away from the point pollution sources. 

 

As discussed in Section 5.2.2 and Section 7.6.2 acid mine drainage conditions can be expected to 

form as shown from the ABA testing that was done. Leach testing results as specified in 

Regulation 635 do not replicate acidic conditions; therefore it was decided to apply a generic 

approach during the impact assessment modelling. The results can then be applied to any 

contaminants that may be identified. 

 

A value of 100 is assigned to the pollution source areas; in this case the underground mine area, 

mine residue, overburden and topsoil stockpile areas, process water dams and settling dams. In 

effect this represents 100 % of the starting concentration of any contamination. The plume 

distribution then represents the percentage of starting concentration that will be measured at a 

specific point. For example should the plume at a specific point indicate a value of 50, it indicates 

that the element concentration at the point and time is expected to be 50 % of the initial source 

concentration 

 

As part of the numerical model simulations it was assumed that all surface infrastructure can 

contaminate the underlying aquifers. This is a worst-case scenario as some areas such as the 

discard dump, discard stockpile, product stockpiles, underground water reservoir, and the PCD will 

be lined in some form. This lining could take the form of an HDPE lining, cement lining or floor 

compaction. Especially in the case of cement lining and to a lesser extent HDPE lining it is unlikely 

that the lining will be breached and that seepage from the various points will enter the underlying 

aquifers. 

 

The contaminant plumes calculated using the numerical model are expected to migrate 

approximately 200 m from the point sources. The contamination migrates in a down gradient 

direction. Contamination from the topsoil stockpile almost reaches the pan northwest of it (0.1 % 

cut-off value used). No surface water areas are impacted, and no privately owned boreholes on 

surrounding properties are impacted. 
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Figure 8.1: Groundwater level drawdown at the end of life of mine – 4 seam workings 
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Figure 8.2: Groundwater level drawdown at the end of life of mine – 2 seam workings 

 

  



 

Schurvekop Colliery 

Groundwater EIA Study 
Page 42 

 

 

Future Flow GPMS cc May 2017 CAB.16.037 

 

Figure 8.3: Contaminant plume at the end of life of mine – Weathered material aquifer 
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Table 8.4: Impact rating – Operational phase 
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Impacts on groundwater volumes due to active dewatering of the underground mining area Neg 3 2 3 3 11 5 55 Y Mod 

Monitor groundwater levels; 

Monitor for surface subsidence; 

Seal off individual high yielding inflow zones intercepted during 

mining. 

Neg 2 1 3 3 6 5 30 

Impacts on surface water and wetland volumes due to active dewatering of the underground 

mining area 
Neg 1 2 5 5 13 3 39 N Mod 

Monitor groundwater levels; 

Monitor stream flow volumes 
- - - - - - - - 

Impacts on surface quality due to poor quality seepage from the pollution source areas Neg 1 2 5 5 13 3 39 Y Mod Appropriate lining and monitoring of the pollution source areas Neg 1 1 2 5 9 3 27 

Impacts on groundwater quality due to poor quality seepage from the mining area Neg 2 1 5 5 13 5 55 N Mod Monitor the groundwater quality - - - - - - - - 
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8.3. Long term post-operational phase 

 

8.3.1. Recovery of groundwater levels and decant potential 

 
In the post operational environment groundwater levels and flow patterns in the area will recover to 

near pre-operational levels. The time required for recovery of the groundwater levels to near pre-

operational levels in the study area will be dependent on a combination of factors: 

 

 There will be inflows into the underground mine from the surrounding aquifers. The inflow 

rate will depend to a large extent on the groundwater flow gradient between the 

groundwater level in the surrounding aquifers and the water level in the underground mine; 

and 

 Recharge from rainfall into the underground mine has been shown to range around 1 % of 

the mean annual rainfall (Grobbelaar, Usher, Cruywagen, de Necker, & Hodgson, 2004). 

This will contribute to the flooding of the underground mine. 

 

The rate of rise of the water level in the underground mining area can be calculated: 

 

As described above the inflows into the underground mine areas will depend on inflows from the 

surrounding aquifers. The mined out volumes are provided as part of the mine schedule as: 

 

 2 seam mining area: 4 268 215 m3; 

 4 seam mining area: 7 576 071 m3; 

 Total mining area: 11 844 287 m3. 

 

Inflows from the surrounding aquifers were calculated to be between 130 and 860 m3/day. The 

inflows are partly controlled by the groundwater flow gradient with increasing flow associated with 

higher flow gradients. The inflows will reduce over time as the water level in the underground mine 

area rise and the flow gradient decreases due to the reduced vertical difference between the 

surrounding regional groundwater levels and the water level in the underground mine. For the 

purpose of this discussion an average of 550 m3/ day is used. 

 

In addition to these inflows around 1 % of the mean annual rainfall will enter the underground mine. 

This equates to an average inflow volume of approximately 115 m3/day. This brings the total 

average inflow into the underground mining areas to approximately 665 m3/day. 

 

From the above it is calculated that the 2 seam workings are expected to be flooded around 15 to 

20 years after closure. Recovery of the groundwater levels will continue until the 4 seam workings 

are flooded approximately 48 years after closure. 

 

At no point is the coal seam floor elevation above that of the surface elevation at the mine 

entrance. Therefore, no decant is expected. 
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8.3.2. Contaminant migration 

 

The groundwater levels in the underground mining areas will recover due to the mine dewatering 

stopping. The recovering groundwater levels will lead to a re-establishment of groundwater flow 

patterns away from the underground mining areas. This will allow for contaminant migration away 

from the mining areas in a down gradient direction. 

 

In addition to the contaminant migration away from the underground mining areas contaminant 

migration away from the surface pollution points will continue despite some of the infrastructure 

being removed and the surface areas being rehabilitated. Pollution already in the aquifers will be 

almost impossible to rehabilitate completely, therefore it is necessary to evaluate the continued 

contaminant migration away from the surface points. 

 

The calculated contaminant plumes in the weathered material aquifer at 50 and 100 years after 

closure are shown in Figure 8.4 and Figure 8.5 respectively. From the figures it can be seen that 

the contaminant plume development is expected to follow topography and migrate up to 1 000 m 

from the individual point sources. 

 

Contamination from the topsoil and overburden stockpiles and the PCD is expected to migrate into 

the pan. The plume is expected to reach the pan between 40 and 50 years after mine closure. The 

maximum concentration that is expected to enter the pan at 100 years after closure is around 2 to 

3 % of the source concentration. 

 

Contamination from the product stockpile an waste rock dump areas are expected to reach the 

wetland area west of the mining operations that is associated with the non-perennial Viskuile River 

tributary The plume is expected to reach the wetland area approximately 80 to 90 years after 

closure. The maximum plume concentration that enters the wetland as baseflow is 1 % of the 

source concentration. Towards the east, the plume also enters the Viskuile River directly at a 

concentration of <1 % of the source concentration. 

 

The contaminant plumes that migrate away from the 2 seam and 4 seam underground workings 

are shown in Figure 8.6 and Figure 8.7 respectively. From the figures it can be seen that the 

plumes are expected to migrate around 1 400 m and 1 100 m from the 2 seam and 4 workings 

respectively. The difference in the migration distance is due to the fact that the 2 seam workings 

will be submerged first and contamination migration away from the mining area can start earlier. In 

Section 8.3.1 it was shown that the 2 seam workings are expected to be flooded around 15 to 20 

years after closure. The 4 seam workings will only be flooded at approximately 48 years after 

closure when contaminant migration away from the 4 seam workings can increase. 

 

The majority of the contaminant migration away from the 2 seam and 4 seam underground 

workings is towards the east. Some contaminant migration towards the west is also expected, but 

contaminant migration is expected to be around 250 m from the underground workings. 
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The contaminant plumes that develop away from the 2 seam and 4 seam workings will underlie the 

Viskuile River and the Joubertsvleispruit. However, because there plumes develop deep under the 

surface, and the contamination is expected to remain at that level of move further downwards 

under gravity, it is not expected that the plumes will have a notable impact on the surface water 

qualities. 

 

Boreholes “Bosman BH1”, “Community Borehole”, “Community Windpump”, and Community 

Handpump” will be impacted. Once the water quality in these boreholes is impacted Schurvekop 

will have to provide water of similar quality and quantity. 
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Figure 8.4: Contaminant plume at 50 years post closure – Weathered material aquifer 
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Figure 8.5: Contaminant plume at 100 years post closure – weathered material aquifer 
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Figure 8.6: Contaminant migration plume at 100 years post closure – 2 seam workings 
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Figure 8.7: Contaminant migration plume at 100 years post closure – 4 seam workings 
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Table 8.5: Impact rating – long term post-operational phase 
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Recovery of groundwater level after dewatering stopped Pos 4 3 5 3 15 5 75 N Mod Positive impact – no remediation needed - - - - - - - - 

Impacts on groundwater quality due to poor quality seepage from the mining area Neg 4 2 5 5 16 5 80 N Mod Monitor the groundwater quality - - - - - - - - 

Impacts on surface quality due to poor quality seepage from the pollution source areas Neg 2 2 5 5 14 5 70 Y Mod 

Appropriate lining and monitoring of the pollution source 

areas 

Rehabilitation of infrastructure areas where possible. 

Neg 1 1 2 5 9 3 27 
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9. Groundwater monitoring system 

 

9.1. Groundwater monitoring network 

 

9.1.1. Source, plume, impact and background monitoring 

 

There are a number of potential pollution sources in the mining area as listed below: 

 

 Workshops: 

o Plant; 

o LDV; 

 Fuel farm; 

 Waste water treatment plant; 

 Mining related: 

o Mine access and boxcut; 

o Underground mining area; 

 Surface stockpiles: 

o Topsoil stockpile; 

o Overburden stockpile; 

o Discard stockpile; 

o Discard dump; 

o ROM stockpile; 

 Plant and process related: 

o Process plant; 

o Product stockpiles; 

 Water management infrastructure: 

o Process water tank; 

o Underground water reservoir; and 

o PCD. 

 

9.1.2. Monitoring frequency 

 

It is recommended that when the groundwater monitoring program is implemented the initial 

sampling be done on a monthly interval in order to develop a seasonal database. Monitoring 

should start as early as possible, and preferably at least 12 months before mining operations start. 

 

After the initial 12 month period, and once a background database has been developed, the 

sampling frequency can change to quarterly. 

 

9.2. Monitoring parameters 

 

Parameters and elements to be monitored for should comply with the mine Water Use License 

application parameters, and also take into consideration the findings from the groundwater 
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chemical analysis done during this study, as well as the expected pollutants. The recommended 

parameters and elements are summarised below: 

 

 General chemistry such as pH, TDS and EC; 

 Major elements such as calcium, magnesium, sodium, potassium, sulphate, nitrate, 

fluoride, phosphate; 

 An ICP scan of minor elements including aluminium, arsenic, boron, beryllium, cadmium, 

chromium, cobalt, copper, iron, manganese, mercury, vanadium and zinc. 

 

9.3. Monitoring boreholes 

 

The monitoring program should include: 

 

 Hydrocensus points around the mine areas that are expected to be impacts by mine 

dewatering or contaminant migration: Bosman BH1, Community Borehole, Community 

Windpump, Community Handpump, Bosman Handpump; and 

 The newly drilled boreholes: BH1, BH2, BH3, BH4, and BH5. Should exploration borehole 

LC1 remain accessible, it should also be included in the monitoring program. 
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10. Groundwater environmental management programme 

 

10.1. Current groundwater conditions 

 

Please refer to Section 5 of this report. 

 

10.2. Predicted impacts of facility 

 

Please refer to Section 8 of this report. 

 

10.3. Mitigation measures 

 

10.3.1. Lowering of groundwater levels during facility operation 

 

Groundwater inflows into the underground mine and the associated dewatering of the surrounding 

aquifers will lead to a lowering of the groundwater levels around the underground mining area. The 

impacts are described in more detail in Section 8.2.1.1 of this report. 

 

Lowering of the groundwater levels can be managed by: 

 

 Avoiding areas where subsidence will increase rock fracturing and the groundwater inflows 

could take place. This should be based on a geotechnical investigation; 

 Sealing off of individual high yielding zones intercepted during mining. 

 

10.3.2. Rise of groundwater levels post-facility operation 

 

This is a positive impact and does not require any mitigation measures. 

 

10.3.3. Spread of groundwater pollution post-facility operation 

 

The spread of groundwater contamination is discussed in more detail in Section 8.3.2 of this report. 

Management measures include: 

 

 Proper removal of and rehabilitation of water management dams during decommissioning 

where possible; 

 Sloping, capping and vegetating of surface stockpiles. This will reduce rainfall recharge and 

thus also the volume of seepage from the stockpiles to the underlying aquifers; 
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11. Post closure management plan 

 

11.1. Remediation of physical activity 

 

The underground mine cannot be remediated except for closure of the access decline. 

 

The infrastructure areas should be remediated during the decommissioning phase. 

 

11.2. Remediation of storage facilities 

 

Surface storage facilities should be cleared and remediated where possible (ROM stockpile etc.). 

Surface stockpiles that cannot be cleared (waste rock dump area etc.) should be sloped, capped 

and vegetated. This will reduce rainfall recharge and the subsequent leach volumes from the 

surface storage facilities to the underlying aquifers. 

 

11.3. Remediation of environmental impacts 

 

It will be impossible to prevent and rehabilitate the impacts of contaminant migration away from all 

the pollution sources (underground mine, mine residue, surface stockpiles, plant area etc.). 

Therefore, it is recommended that the groundwater monitoring program be continued for a period 

of at least 5 years after mine closure to monitor the contaminant migration. Based on these results 

remediation requirements can be identified and a remediation plan put in place. 

 

11.4. Remediation of water resources impacts 

 

It will be impossible to effectively remediate impacts on water resources if specific contaminant 

areas are not identified. It is recommended that the monitoring program be implemented and 

expanded if required in order to track pollution plume development in the area. 

 

11.5. Backfilling of pits 

 

Only the boxcut adit can be backfilled. 
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12. Conclusions and recommendations 

 

12.1. General conclusions 

 

 Topography is gently undulating in the proposed mining area with elevations ranging 

between 1 580 to 1 630 mamsl. Topography dips at gradients of between 1:50 and 1:100 

towards the streams that occur in the area; 

 The study area falls within Water Management Area 4 (WMA4), Olifants River. The mining 

area falls within the V11A quaternary catchment. The Viskuile River flows through the 

proposed Mining Right Area. To the south and east of the underground mining area the 

Joubertsvleispruit drains the area before it joins the Viskuile River. East of the mining area 

an unnamed non-perennial tributary to the Viskuile River drains the study area. Associated 

with this stream is a prominent wetland area. To the north of the site the Viskuile River and 

the unnamed tributary to the Viskuile River join the Olifants River; and 

 Seep wetlands have been identified along the western and north eastern portions of the 

project area and a pan (depression wetland) has been identified on the southern portion of 

the project area. Floodplain wetlands are also associated with the Viskuile River. 

 

12.2. Baseline groundwater conditions 

 

 Two aquifers occur in the area. These two aquifers are associated with the upper 

weathered material, and the underlying competent and fractured rock material; 

 The recorded data shows that the upper aquifer has an average thickness of approximately 

4.33 m, and can range between <1 and 9 m in thickness. The borehole yields in this aquifer 

are seasonally variable due to the strong dependence on rainfall recharge; 

 The groundwater quality in undisturbed areas is good due to the dynamic recharge from 

rainfall. This aquifer is, however, more likely to be affected by contaminant sources situated 

on surface; 

 Groundwater flows in the lower aquifer are associated with the secondary fracturing in the 

competent rock and as such will be along discrete pathways associated with the fractures. 

Faults and fractures in the sandstone and shale can be a significant source of groundwater 

depending on whether the fractures have been filled with secondary mineralisation; 

 The aquifer transmissivities range between 0.1 and around 3 m2/day. The relatively low 

transmissivities measured in BH1 and BH2 (around 0.1 m2/day) reflect the general host 

geology. The relatively higher transmissivities measured from BH4 and BH5 (around 1 

m3/day) represents fracture zones. The highest transmissivity seen in LC1 also reflect a 

fracture zone, possible a better developed zone than that seen in BH4 and BH5; 

 There is a slight grouping in the depth to groundwater level in the area. The groupings are: 

o Depth to groundwater level to a maximum of 4.3 mbgl (associated with the 

weathered material aquifer); 

o Depth to groundwater level of more than 6.5 mbgl (associated with the fractured 

rock aquifer); 

 Plotting groundwater level elevation versus topographical elevation for this project area 

yields a 99 % correlation between topographical and groundwater level elevations for the 
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weathered material aquifer. Similarly, the fractured rock aquifer shows a 95 % correlation 

between the topographical and groundwater level elevations; 

 The groundwater qualities are quite good and comply with the SANS241:2015 drinking 

water guidelines. Only some individual element concentrations are slightly elevated in 

individual samples, which include: 

o Fluoride: The fluoride concentration is measured at 2.97 mg/L in borehole LC1, 

which exceeds the guideline value of 1.5 mg/L slightly; 

o Nitrate: The nitrate concentration in borehole Te Water BH1 (23 mg/L) exceeds the 

SANS 241 guideline of 11 mg/L; 

o Aluminium: The elevated aluminium concentration in BH1 is measured at 0.39 mg/L, 

exceeding the SANS241:2015 health guideline of 0.3 mg/L slightly; and 

o Zinc: The zinc concentration at Te Water BH1 was measured at 5.26 mg/L which 

slightly exceed the SANS241:2015 guideline value of 5 mg/L. 

 

12.3. Waste classification 

 

 above the coal and waste material that will be handled on site are classified as Type 3 

Waste following the GN 635 classification system; 

 The coal and overburden is likely to form AMD conditions. 

 

12.4. Environmental impact assessment 

 

12.4.1. Operational phase 

 

 The maximum drawdown in the groundwater level from pre-mining levels in the upper 

weathered aquifer is negligible and calculated at less than 1 m due to the slight disconnect 

that exist between the fractured rock aquifer within which the mining is located, and the 

weathered material aquifer; 

 The drawdown in the groundwater level in the fractured rock aquifer around the 4 seam and 

2 seam underground workings will be more severe than the impact on the weathered 

material aquifer due to the fact that the aquifer is directly exposed to the mine dewatering: 

o The maximum drawdown in groundwater level around the 4 seam workings is 

expected to be in the order of 45 m from pre-mining levels. The zone of influence of 

the groundwater level drawdown is calculated to reach a maximum distance of 

approximately 1 300 m from the excavated workings; 

o The maximum drawdown in groundwater level around the 2 seam workings is 

calculated to be approximately 75 m from pre-mining levels. The zone of influence 

of the drawdown cone around the 2 seam workings is expected to extend up to 

1 600 m from the edge of the underground excavations; 

 The zone of influence of the groundwater level drawdown cone will underlie a number of 

streams in the area. These streams include the unnamed tributary to the Olifants River 

west of the mining area, the Joubertsvleispruit, and the Viskuile River. From this it would 

appear that there will be an impact on the stream flow volumes due to a reduction in 

baseflow contribution. However, it has to be kept in mind that the majority of the baseflow 
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contribution to the streams will be from the weathered material aquifer. The impact on the 

weathered material aquifer due to mine dewatering is very little, with the maximum 

reduction in groundwater levels expected to be less than 1 m from pre-mining levels. The 

impact on the stream flow volumes due to decreased baseflow contribution will be mitigated 

by the slight hydraulic disconnect between the weathered material aquifer and the fractured 

rock aquifer. Using the available information it is calculated that the impact on baseflow 

contribution to the streams will be less than 1 %; 

 The groundwater levels in the privately owned boreholes around the mining area, which fall 

within the zone of influence of the groundwater level drawdown in the fractured rock 

aquifer, will be impacted by the mine dewatering and the associated reduction in 

groundwater level in the fractured rock aquifer. Four of the hydrocensus boreholes 

(Bosman BH1, Community Borehole, Community Handpump, and Community Windpump) 

will be impacted by the groundwater level drawdown in the area; 

 The maximum drawdown in groundwater level at “Bosman BH1” is calculated to be  

37 m. The first year of measurable impact (2 m reduction in groundwater level) is expected 

to be during year 3 of the life of mine. The reduction in groundwater level in boreholes 

“Community Borehole”, “Community Handpump”, and Community Windpump” is expected 

to be in the order of 65 to 70 m. The first year of impact at these boreholes is year 8 of the 

life of mine; 

 These reductions in groundwater level in the boreholes will impact on the sustainable yields 

of the boreholes. In addition, it should be noted that the depth of these four boreholes that 

will be impacted could not be measured during the hydrocensus due to the equipment 

installed blocking access. In addition, the landowners could not provide information on the 

borehole depths. It is possible that with drawdowns in groundwater levels of between 37 

and 67 m, some of these boreholes could be rendered completely dry. Even with a partial 

reduction in sustainable yield it is possible that the boreholes cannot meet the supply 

requirements of the landowners. In this case Schurvekop will have to provide water of 

similar quantity and quality to the landowners; 

 Groundwater inflow volumes into the underground mining areas are calculated: 

o 4 seam workings  - will start off at around 130 m3/day during the first year of 

operations. The groundwater inflows into the 4 seam workings steadily increase 

over time to reach a maximum of around 400 m3/day at the end of life of mine. This 

increase in groundwater inflow volume is due to the increase in excavation area and 

seep wall area; 

o Groundwater inflows into the 2 seam workings start off at around 180 m3/day and 

increase to a maximum of approximately 455 m3/day; 

o The total groundwater inflow volume into the combined 4 seam and 2 seam 

workings increase from 130 m3/day at the start of mining to a maximum of 860 

m3/day at the end of life of mine; 

o There is some uncertainty around the hydraulic conductivity and competency of the 

rock material that separates the 4 seam and 2 seam operations. Furthermore, it is 

uncertain what impact blasting and fracturing will have on the hydraulic conductivity 

of the rock material surrounding the underground workings. Therefore, it is possible 

that dewatering requirements from the 2 seam workings will be somewhat higher 
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than the stated volumes. However, should the inflows into the 2 seam workings 

increase, it is expected that there will be a corresponding decrease in inflow 

volumes into the 4 seam workings and the overall combined volume will remain the 

same to within 15 % of the stated volumes; 

 Mine dewatering cause the groundwater flow patterns in the fractured rock aquifer to 

converge on the 4 seam and 2 seam underground workings. This will prevent 

contamination from the underground mining areas to escape into the surrounding aquifers 

and migrate away from the underground mining areas; 

 The weathered material aquifer will not be notable impacted by the mine dewatering which 

allows natural groundwater flow patterns to remain, and thus also allows contamination 

entering the weathered material aquifer from the surface infrastructure to migrate away 

from the point pollution sources; and 

 The contaminant plumes are expected to migrate approximately 200 m from the point 

sources in a down gradient direction. Contamination from the topsoil stockpile almost 

reaches the pan northwest of it (0.1 % cut-off value used). No surface water areas are 

impacted, and no privately owned boreholes on surrounding properties are impacted. 

 

12.4.2. Long term post-closure phase 

 

 The 2 seam workings are expected to be flooded around 15 to 20 years after closure. 

Recovery of the groundwater levels will continue until the 4 seam workings are flooded 

approximately 48 years after closure; 

 At no point is the coal seam floor elevation above that of the surface elevation at the mine 

entrance. Therefore, no decant is expected; 

 The recovering groundwater levels will lead to a re-establishment of groundwater flow 

patterns away from the underground mining areas. This will allow for contaminant migration 

away from the mining areas in a down gradient direction; 

 The contaminant plume development in the weathered material aquifer from surface point 

sources is expected to follow topography and migrate up to 1 000 m from the individual 

point sources; 

 Contamination from the topsoil and overburden stockpiles and the PCD is expected to 

migrate into the pan. The plume is expected to reach the pan between 40 and 50 years 

after mine closure. The maximum concentration that is expected to enter the pan at 100 

years after closure is around 2 to 3 % of the source concentration; 

 Contamination from the product stockpile an waste rock dump areas are expected to reach 

the wetland area west of the mining operations that is associated with the non-perennial 

Viskuile River tributary The plume is expected to reach the wetland area approximately 80 

to 90 years after closure. The maximum plume concentration that enters the wetland as 

baseflow is 1 % of the source concentration. Towards the east, the plume also enters the 

Viskuile River directly at a concentration of <1 % of the source concentration; 

 The contaminant plumes that migrate away from the 2 seam and 4 seam underground 

workings are expected to migrate around 1 400 m and 1 100 m from the 2 seam and 4 

workings respectively. The difference in the migration distance is due to the fact that the 2 

seam workings will be submerged first (15 – 20 years post closure) and contamination 
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migration away from the mining area can start earlier. The 4 seam workings will only be 

flooded at approximately 48 years after closure when contaminant migration away from the 

4 seam workings can increase; 

 The majority of the contaminant migration away from the 2 seam and 4 seam underground 

workings is towards the east. Some contaminant migration towards the west is also 

expected, but contaminant migration is expected to be around 250 m from the underground 

workings; 

 The contaminant plumes that develop away from the 2 seam and 4 seam workings will 

underlie the Viskuile River and the Joubertsvleispruit. However, because there plumes 

develop deep under the surface, and the contamination is expected to remain at that level 

of move further downwards under gravity, it is not expected that the plumes will have a 

notable impact on the surface water qualities; 

 Boreholes “Bosman BH1”, “Community Borehole”, “Community Windpump”, and 

Community Handpump” will be impacted. Once the water qualities in these boreholes are 

impacted Schurvekop will have to provide water of similar quality and quantity. 
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F1. Introduction 

 

The numerical flow model was constructed based on the conceptual groundwater flow model 

discussed above. The numerical model was constructed using MODFLOW based software, which 

is an internationally developed, recognised and used software package. The model includes all 

parameters discussed in previous sections of this report and takes into consideration aspects such 

as: 

 

 The different aquifers present in the area and their interrelation to each other; 

 Recharge from rainfall; 

 Aquifer transmissivities, effective porosity, vertical hydraulic conductance etc.; 

 Groundwater flow patterns and velocities; 

 Geological lithological units and features such as the extensive faulting that occur in the 

area; and 

 Topographical elevations of surface, the contact between weathered material and 

competent rock. 

 

The model was calibrated using the “trial-and-error” method where aquifer parameters are varied 

within realistic ranges until the model is able to reproduce the field specific conditions. For this 

study the model was calibrated using the groundwater level elevations measured during the 

hydrocensus. 

 

Since there are a multitude of parameters that influence the model calculations there is no unique 

single solution to the model where an optimum fit can be obtained. Therefore, it is imperative that 

realistic values be used and the results evaluated to judge whether the obtained groundwater 

levels and flow patterns are realistic. 

 

F2. Boundaries 

 

The model domain is irregularly shaped and defined by the following boundaries: 

 

 On the northern boundary by the Olifants River; 

 On the eastern boundary by a topographical high that forms a groundwater flow divide; 

 On the southern boundary by a combination of non-perennial streams and topographical 

highs that form groundwater flow divides; and 

 On the eastern boundary by topographical highs that form groundwater flow divides. 

 

F3. Model grid 

 

The model grid was designed within the delineated model boundary and the proposed Schurvekop 

developments. The high resolution grid areas overlay the underground mine and surface 

infrastructure areas; with a coarser grid in the far reaches of the model (please refer to Figure 7.1). 

At the finest resolution the model grid is 25 m x 25 m, while the coarsest grid size at the outer limits 

of the model area is 200 m x 100 m. 
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A total of six layers were assigned to the model, with each layer representing a different aquifer or 

zone of interest: 

 Layer 1: The upper weathered material aquifer;  

 Layer 2: The fractured rock aquifer overlying the 4 seam underground mine; 

 Layer 3: The 4 seam underground mine; 

 Layer 4: The fractured rock aquifer separating the 4 seam and 2 seam operations; 

 Layer 5: The 2 seam underground mine; and 

 Layer 6: A 25 m thick section of the fractured rock aquifer underlying the 2 seam operations 

in order to account for possible groundwater underflows and upwelling into the mine floor. 

 

F4. Layer type 

 

 Layer 1: The shallow weathered aquifer (top of the model domain) is assigned as a Type 2 

(confined / unconfined) layer based on the available aquifer information that show this layer 

is relatively shallow with varying degrees of weathering; 

 Layer 2 to Layer 6: The overburden, coal seam and the fractured aquifer are assigned as 

being a Type 2 (confined / unconfined) aquifer. 

 

F5. Layer elevations 

 

The layer elevations were defined as follows: 

 

 Layer 1 top (surface): Topographical elevations obtained from SRTM database; 

 Layer 2 top / Layer 1 bottom (contact between weathered material and fractured rock): The 

average upper aquifer has an average thickness of approximately 4.33 m, and can range 

between <1 and 9 m in thickness. A constant thickness of 4.33 m was used; 

 Layer 3 to Layer 6 bottom: The roof and floor elevations as provided by the client was used; 

 

F6. Site specific characteristics 

 

 Starting groundwater levels: The starting groundwater levels were extrapolated for the 

entire model area using the Bayesian method based on the groundwater levels recorded 

during the hydrocensus; 

 Aquifer transmissivities: Aquifer transmissivities were specified using the “transmissivity” 

package for horizontal transmissivity, and the “vertical hydraulic conductivity” package for 

the vertical transmissivity; 

 Perennial streams: Perennial streams and pans were incorporated into the model using the 

“river” package. The required data was estimated, including river stage (assumed to be at 

topographical level), river bottom (assumed to be 0.5 m below the river stage), hydraulic 

conductivity of the river bed material (assumed to be 1 m/day), and river bed thickness 

(assumed to be around 0.5 m); 
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 Non-perennial streams: Non-perennial streams were incorporated into the model using the 

“drain” package which allows for removal of groundwater from the system when the 

groundwater level at the stream is above the stream level. When the groundwater level is 

below the stream level there is no interaction. The drain elevations were specified as being 

close to surface; and 

 Recharge from rainfall: The recharge was applied using the “recharge” package. Climatic 

data show that the average rainfall in the area is 650 mm/a. An initial value of 1 % effective 

recharge was assumed as a starting value. 

 

F7: Model calibration 

 

As stated above the model was calibrated in the steady state using the “trial-and-error” method 

where aquifer parameters are varied within realistic ranges until the model is able to reproduce the 

field specific conditions. A total of seven groundwater levels as measured during the hydrocensus 

were used to calibrate the model.  

 

The ranges within which the aquifer parameters were varied were derived from the data collected 

during the desk study and the field work investigation. 

 

Final calibration values showed calculated groundwater levels ranging generally within 3 m of the 

measured groundwater levels, with an average differential of 2.3 m (please refer to Figure F1). 

The groundwater balance as calculated in the calibrated steady state model is summarised in 

Table F1. From the table it can be seen that there is a balance of 0.17 m3/ day. This equates to 

0.01 % of the total water balance. This correlation between inflows and outflows is considered to 

be acceptable. 

 

Table F1: Model water balance 

Parameter Inflows (m3/day) Outflows (m3/day) Balance (m3/day) 

Drains 0 -1.5349390E+03 -1.5349391E+03 

Recharge 2.6538970E+03 0 2.6538970E+03 

River leakage 1.7951807E+02 -1.4802941E+03 -1.3007760E+03 

Total 3.0154131E+03 -3.0152332E +03 1.7993164E-01 

Percentage discrepancy   -0.01 % 
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F2: Calibration variance 
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