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EXECUTIVE SUMMARY 

Foreword 

Please refer to Appendix L of this report for a comprehensive list of definitions and acronyms.   

 

Introduction 

GCS (Pty) Ltd was appointed by Mine Waste Solutions (MWS) (client) a subsidiary company of 

AngloGold Ashanti (AGA) to undertake a hydrogeological assessment in support of the 

development of the Kareerand Tailings Storage Facility (TSF) Expansion Project and 

environmental authorization.  

The scope of work included site hydrogeological characterization, by means of 

hydrochemistry and geochemistry analyses, geophysical surveying, borehole drilling and 

aquifer testing, and 3D numerical groundwater modeling. The main objective was to meet 

the site hydrogeological characterization requirements stipulated by the client in 2017/18 

and to adhere to international and national best practice guidelines for impact prediction. 

This report summarizes the development of the site hydrogeological characterization and 3D 

groundwater flow and mass transport model for the Kareerand TSF Expansion Project during 

the pre-feasibility phase in 2017/2018 and updated with recent design and monitoring data 

in 2019/2020 for EIA purposes.   

The predictions of changes in the local groundwater system, in response to the existing 

Kareerand TSF and proposed expansion development (operation of a TSF), are addressed in 

this report.  Data that has been gathered to develop the site hydrogeological characterization 

include: 

• Gathering and study of existing information and scientific site reports;  

• Hydrocensus survey to map existing farm boreholes; 

• Geophysical surveys; 

• Drilling and testing of additional monitoring and observation boreholes; 

• Water quality analyses; 

• Saturated and unsaturated seepage assessment work; 

• Geochemical assessment work; and 

• Assessment of mitigation options through the application of a risk-based-approach. 

The following supplies a brief summary of the findings: 

Hydrocensus: 

The hydrocensus data, provided in Appendix B, made reference off 31 sites and farm 

boreholes demarcated within project area.   
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Most of these sites are not in use; only the farms further to the north east, south east and 

the game farm (south west) have active boreholes. The active boreholes are mainly used for 

stock watering, irrigation and domestic use. 

Geophysical Survey 

Three types of geophysical applications were introduced between 2008 and 2018, namely: 

magnetic surveys (Mag), electromagnetic (EM) surveys and resistivity surveys (ERT).   

An overview of the geophysical surveys conducted between 2008 and 2016 are presented in 

Appendix C and the 2017 Mag/EM and 2018 ERT surveys are provided in Section 8.3. 

Approximately 40km of EM and magnetic surveys was completed in 2017 and 2018 around the 

existing Kareerand TSF.  Approximately 3km of ERT surveys were completed in 2017/2018. 

In consideration of the local geophysical characteristics presented in Section 8.3 it is fair to 

distinguish between the following rock types: 

• The resistive low conductor of the solid diabase formation. This corresponds with the 

geology map for the area and the more solid diabase to the east of the TSF; 

• Higher conductors, in between which, represents deeper weathered diabase zones 

and seepage zones; 

• The shales to the west, where the expansion is planned for, show high conductivity 

values;  

• The andesites and quartzite show very low conductivities, these lithologies are 

limited to the western portion of the planned expansion; 

• The clay rich shales of the Karoo formation, to the north western corner of the TSF; 

• The fairly high conductance to the south represents both waterlogged soils and 

weathered diabase. The difference between the dry weathered diabase and the 

waterlogged diabase is visible. 

Aquifer System 

Site specific hydrogeological conditions are presented in the recent geophysical survey and 

percussion drilling projects at the Kareerand TSF. In summary, the local geology comprises 

geological zones alternating with heterogeneous zones of inter layered rocks of both 

sedimentary and igneous origin.  

There is a clear differentiation between the underlying foundation conditions from east to 

west: 
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• The rocks underlying the Kareerand TSF are characterized by well-developed igneous 

layering (diabase sill). The competent (fresh) diabase is overlain by a 5 to 25 m 

weathered zone, while surficial unconsolidated sediments of clayey sand range 

between ~1 to ~3 m in thickness.  Initially it was assumed that the upper clay layers 

will act as a significant barrier zone but the amount of clay material removed during 

construction altered the potential to act as a barrier zone.  In turn, seepage from the 

TSF has resulted in an increase of groundwater levels of approximately 10 to 15m. 

• The proposed expansion will mostly overlie shales and extrusive igneous rock, with 

lines of quartzitic outcrops running from south to north, with a dip in the order of 50 

degrees to the east.  Only limited significant groundwater flow was observed during 

drilling and weathering of the upper 5 to 25m observed;  

Unweathered diabase, shales, quartzite and andesite have similar hydrogeological 

characteristics and are characterized by a low primary porosity and permeability. The 

permeability of the bedrock aquifer is associated with secondary structural features (e.g. 

joints, fractures, fissures, dykes, faults etc.).  

Drilling of observation and test boreholes 

A total of 74 test boreholes have been drilled over the past 10 years.  The monitoring borehole 

particulars are captured in Appendix D.  The lithological borehole logs are captured in 

Appendix E.  The following basic deductions were made from drilling data: 

• Boreholes were generally drilled to depths between 6 and 54m below ground level 

and mainly installed in the upper weathering zone;   

• Drilling observations such as penetration rates, water strikes, airlift yields and 

weathering profiles were discussed; 

• Field observed airlift yields were measured and range between 0 (dry) and 15 l/sec.  

Generally, boreholes drilled within shales, andesite and dolomite (dolomite only 

occurs much further westwards) indicated dry to low airlift yields; 

• Most of the boreholes drilled within weathered diabase indicate low to high airlift 

yields. These zones typically indicate higher permeability and high storage 

characteristics.  The diabase forms a sill below the majority of the existing TSF and 

higher transmissivity was measured south of the site along the contact of the sill 

(average ~18m below ground level). 

Groundwater Levels 

Groundwater level data was obtained from the newly drilled boreholes and the routine water 

monitoring data.  The following can be derived from the available data: 
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• Groundwater levels were in the order of 15 to 20 m below ground level prior to 

deposition (GCS, 2008).  Groundwater levels have increased by an average of 10 to 

15m below the TSF over time which has reduced the thickness of the unsaturated 

zone. 

• The recent data indicates perched levels in the direct vicinity of the TSF and the 

areas further to the west, where andesite and dolomite intersect, indicated much 

deeper groundwater levels (>30m) which have not changed significantly over time. 

Aquifer Parameters 

Constant rate pump tests with recovery monitoring and slug tests (falling and rising head 

tests) were conducted.  The aquifer test results are attached in Appendix F. 

The following table supplies a list of hydraulic conductivity values (K values) obtained from 

the aquifer test analyses.  Cooper Jacob, Theis Recovery and Bower-Rice analyses methods 

were applied.   

 

Lithology 

Summary of K Values (m/day) 

Average 
Geo 
Mean 

Max 
Har 
mean 

Chert/ Dolomite (limited Data) 0.001 0.001 0.1 0.001 

Andesite 0.152 0.019 0.2 0.003 

Quartzite, Lava, Shale 0.074 0.074 0.1 0.074 

Shale and diabase 0.325 0.207 0.8 0.123 

Predominantly Shale 0.420 0.355 0.8 0.296 

Diabase, weathered (unsaturated) with shales 0.497 0.497 0.8 0.497 

Diabase, weathered with Clay 0.172 0.064 0.45 0.009 

Diabase, weathered clay and boulders 0.217 0.216 0.5 0.215 

Diabase, highly weathered and fractured on contact 2.754 1.930 8.680 0.898 

 

Groundwater Quality 

Generally, elevated TDS (total dissolved solids) and sulfate concentrations are observed 

within the direct vicinity of the Kareerand TSF, with neutral pH.  Other parameters like Cl, 

NO3, Na, Fe, Al and Mn were elevated above the target water quality guidelines (DWAF, 1996) 

in some of the boreholes but generally the main constituents for the impacted boreholes are 

SO4, Ca, Mn and Cl.  Manganese occurs above target levels at most of the sites. Neutral pH 

levels were recorded at all sites.  The lowest pH of 5.6 occurs in borehole BH58, which is 

situated directly west of the incoming residue tank and the TSF. Cyanide concentrations 

analysed were below detection limits in all boreholes. 
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The laboratory results indicate that generally Ca, Mg and NO3 are dominant in most of the 

hydrocensus samples, the samples HC01 and HC02 on the farm furthest to the south-east 

indicated SO4, Na, Mg, Ca and Cl to be above the domestic use standards.  This observation 

correlates with the pre-deposition hydrocencus completed in 2007/8. 

Vaal River Water Quality 

The up and down stream sulfate concentrations fluctuate with seasonal rainfall and are 

generally similar (fluctuate between -50 and 200 mg/l). Slight elevated sulfate 

concentrations were measured in Oct/Nov of 2016 2017, 2018 and 2019.   It is fair to assume 

that any impacts currently observed are from surface flow and not from groundwater 

seepage. 

Surface Water Quality 

The surface water quality within the small drainage path south of the TSF is characterized by 

typical mine tailings contamination (above guideline for SO4, NH4, Ca, Cl, Mg, N and Mn, 

metals generally below standard values with neutral pH) as a result of aquifer seepage and 

dirty surface run-off.   

Geochemical Data and Source Term Assessment 

The Geochemical modelling and analyses conducted between 2008 and 2019 from the 

Kareerand TSF material and drain water indicates: 

• Tailings dam water in the inner saturated part will not be acidic and will have a much 

lower SO4 concentration. The SO4 concentration here will mostly be determined by 

gypsum saturation at about 1 700 - 2 200 mg/l. Near-neutral seepage from the inner 

saturated part will only have marginally elevated concentrations of the following 

metals in the seepage water: Co, Mn, Ni, and U; 

• The oxic zone is only a few meters deep (~5m) but due to transport the whole outer 

rim of the tailings dam becomes acidic with a higher dissolved solids zone.  It is also 

important to note that the outer rims are usually characterised by a courser material 

(as a result of the cyclone deposition method applied) and more oxidation.  The SO4 

concentration in the outer rim increases from about 1 700 mg/l after closure to 

roughly about 2 700 mg/l after 20 years and 4000 mg/l after 60 years (if oxygen 

ingress is at its highest); this aspect will be important for TSF rehabilitation.  

Several metals will be elevated in the interstitial water of the oxic zone in the outer rim 

which will include Al, Co, Cr, Cu, Mn, Ni, Pb, Se, U and Zn. 
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TSF Seepage Assessment 

Available data suggests existing seepage volumes from the current Kareerand facility to be 

in the order of 5000 to 7000 m3/day.   

The objective is to not exceed the current seepage rates during the construction, operational 

and post closure phases of the proposed TSF extension.  The extension will be lined with a 

Class C Barrier containment system. 

Seepage from the existing TSF will be managed by interception boreholes. 

Water Monitoring 

A comprehensive groundwater monitoring network is in place with both bi-annual and 

quarterly monitoring undertaken.  The monitoring system will be revised on an annual basis 

as required. 

Surface water monitoring taking place monthly. 

Proposed TSF Expansion 

Tailings will be deposited onto the extension portion by means of a cyclone method of 

deposition. The TSFs will be operated as two independent tailings dams (the current and the 

proposed expansion compartment). The variance will be the deposition tonnages at a given 

time to ensure that a maximum rate of rise is not breached in either of the facilities.  The 

aim will be to consolidate the two dams at closure and operate a single central pool.  The 

TSF extension will be constructed by an upstream construction method, with overall slope of 

1v:6h.  The overall height of the tailings dam is 122 m. The tailings material has been 

classified as Type 3 waste requiring a Class C barrier system. 

Groundwater Impact Prediction: 

The seepage rates (as mentioned previously) and the typical input sulfate concentration (1700 

to 2800 mg/l) were applied in the MODFLOW groundwater model for the area.  The long term 

predicted contamination plumes were presented in the report. The main conclusions are: 

• It can be seen from the model results that the sulfate plumes migrate mainly 

southwards and eastwards towards the Vaal River. 

• The elevated groundwater levels around the TSF will remain purged as a result of the 

phreatic surface in the TSF. 

The Vaal River and north eastern, eastern and south eastern farm boreholes are considered 

as the primary and most sensitive receptors. According to the groundwater contaminant 

transport model, certain farm-owned boreholes may be impacted upon.   
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For the expansion project, the sulfate plume will have a low impact on the Vaal River as a 

result of the liner proposed. However, seepage from the current TSF poses a high risk.   

The risk on the Vaal River will be managed by interception boreholes and increased return 

water capacity to ensure pool management can be applied.   

Salt load and concentration increase predictions for the Vaal River were made for the post 

closure phase by means of the zone budget function in the numerical model. It is predicted 

that limited TDS increases will occur within the Vaal River if all mitigation and management 

measures are followed- only 10mg/l of TDS and approximately 200kg salt load per day. This 

can increase significantly if no or limited mitigation is applied. 

Proposed Mitigation: 

The emphasis for groundwater mitigation and management will be on the existing Kareerand 

TSF.   

As mentioned earlier, to manage seepage from the proposed expansion, it was found best to 

apply a Class C Barrier containment system to limit seepage into the aquifer system.  The 

expansion will also consist of appropriate under-drain systems and a much bigger return water 

dam system for both the TSF compartments. 

It is evident from the preliminary salt load assessment that the impact on the Vaal River will 

be negligible when mitigation is applied to the existing and proposed TSFs. 

For the existing unlined portion of the Kareerand TSF, active sulfate plume management will 

be required for at least 60 years and the system will be required to be upgraded and improved 

on an annual basis or as required. In the order of 25 to 50 interception boreholes will be 

required; at least 25 during the short-term operational life. Interception of approximately 

6000 m3/day will be required in the short-term operational time frame. The seepage will 

reduce over time as the phreatic surface decline in the TSF and required borehole abstraction 

rates and number of boreholes abstracted from will decrease over time. 

Seepage and intercepted water can be re-used during the operational phase and will need to 

be treated after closure.  

Combined Salt Load Reduction of the Project and Regional Sulfate Reduction and 

Associated Impact on the Vaal River 

Current salt load from regional TSFs into the Vaal River indicated a significant current and 

future environmental liability and risk to Vaal River water quality. In total approximately 

2500 ha of old tailings will be removed from the area (Klerksdorp, Orkney, Stilfontein) and 

the material be consolidated to one TSF (Kareerand TSF). Reclamation and subsequent 

rehabilitation of the old TSFs will reduce total salt load into the area’s dolomite aquifers and 

the salt load into the Vaal River can be reduced by at least 80% over the next 100 years. 
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Recommendations 

The following recommendations are made: 

• The groundwater monitoring network should be expanded for the existing and future 

TSF and the following newly drilled monitoring boreholes should be incorporated (this 

was done in 2019).  

BH ID X (LO27_Cape) Y(LO27_Cape) 

BH37 -12360.03 -2975257.44 

BH41 -12022.06 -2974499.77 

BH42 -12048.86 -2974016.59 

BH43 -11705.94 -2973509.35 

BH51 -9236.05 -2976772.75 

BH52 -9184.31 -2975686.09 

BH58 -12031.54 -2975447.00 

HC23 -9026.00 -2974301.36 

HC22 -9697.18 -2976215.42 

 

• The surface water monitoring network must be reviewed on an annual basis if 

required. It is recommended that two additional monitoring sites within the Vaal 

River be incorporated to allow for a more refined up-and down-stream monitoring 

system for the predicted east and south plumes respectively. 

• The recommendations made in the report, especially in Section 14 

(HYDROGEOLOGICAL RISK ASSESSMENT AND MITIGATION), should be translated into 

an overall site Environmental Management Plan. 

• The numerical groundwater and mass transport model should be updated annually 

initially from when it can be reduced to every three years by using monitoring data 

to refine the impact prediction scenarios.  

• The seepage model must be reviewed and updated at least every 2 to 3 years or as 

needed.  

• Rainfall must be recorded daily at the site. 

• Groundwater mitigation plans should be refined on an annual basis as more scientific 

based data is sourced to allow for “continuous improvement”. 

• Measuring of groundwater levels and borehole flow rates must be captured in a 

suitable database on a quarterly basis. Broken flow meters and measurement 

apparatus must be replaced and regularly maintained. Simultaneously, abstracted 

volumes must be recorded at the production boreholes. 
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• The positions of the interception boreholes must be confirmed annually, and any gaps 

addressed.   

• Geochemical tests must be completed at least every 3 to 5 years to enable 

development of a database of the heterogeneous nature of the tailings material. The 

existing geochemical model must be updated every 3 to 5 years. 

• During the installation of the proposed interception wells, pump tests and down-hole 

EC profiles must be completed. 

• Boreholes drilled on the proposed expansion footprint area need to be sealed during 

the construction phase according to the 2005 ASTM Standard Guide for 

Decommissioning of Boreholes.   

It is recommended that the following areas where gaps were identified be further assessed: 

• The dissipation time and characteristics of the phreatic surface for the combined TSF 

facility, in other words how the phreatic surface and pool position behave after 

closure because of the assumed high permeability nature of the under drain system 

associated with the lined portion of the TSF and how this may positively affect the 

phreatic surface decline within the unlined portion.   

• The optimum pool size to ensure low seepage rates. 

• The drilling of two deep boreholes (80m) south of the TSF next to existing shallow 

boreholes (~20m) to understand the depth of fracturing and interconnection between 

the upper weathered aquifer and the lower fractured rock aquifer within the diabase 

better.   
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1 INTRODUCTION 

GCS Water and Environmental Consultants (Pty) Ltd (GCS) was appointed by Mine Waste 

Solutions (MWS), a subsidiary of AngloGold Ashanti (AGA) to undertake a detailed 

hydrogeological assessment for their existing Kareerand Tailings Storage Facility (TSF) and an 

assessment of hydrogeological impacts for a proposed expansion to the existing TSF. Please 

refer to Appendix L of this report for a comprehensive list of definitions and acronyms. 

The operations at Mine Waste Solutions (MWS) entail the collection and reprocessing of gold 

mine tailings that was historically deposited on tailings storage facilities (TSFs) in order to 

extract gold and uranium. High pressure water cannons are used to slurry the tailings on the 

Source TSFs, slurry is then pumped by a number of pumping stations and pipelines to the MWS 

Processing Plants in Stilfontein, and the residues from the Processing Plants are pumped to 

the Kareerand TSF. Once an old TSF has been completely recovered, it is cleaned‐up and 

rehabilitated. 

MWS has been in business since 1964, and conducts its operations over a large area of land 

to the east of Klerksdorp, within the area of jurisdiction of the City of Matlosana and JB Marks 

Local Municipalities which falls within the Dr Kenneth Kaunda District Municipality in the 

North‐West Province. The closest town is Khuma, located about 3km northwest from the 

facility. Other towns include Stilfontein (10km) and Klerksdorp (19km). 

The Kareerand TSF was designed with an operating life of 14 years, taking the facility to 

2025, and total design capacity of 352 million tonnes. Subsequent to commissioning of the 

TSF, MWS was acquired by AngloGold Ashanti and the total tailings production target 

increased by an additional 485million tonnes, which will require operations to continue until 

2042.  

This project entails the expansion of the current Kareerand TSF to accommodate the 

increased production rate and final design capacity.  The expansion is proposed on the 

western edge of the current facility, and the final height of the combined facility (both 

expansion and current) will be 122 m. 

The expansion footprint will add 380 hectares (ha) to the TSF and approximately 93 additional 

ha will be cleared for supporting infrastructure.  

The expansion will be designed with a Class C barrier system to accommodate the tailings 

which have been classified as a Type 3 waste, in accordance with GNR 635. 
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The existing tailings dams within the project area earmarked for re-mining currently  

generate impacts to groundwater quality due to poor quality seepage. The expansion of the 

existing Kareerand TSF will enable the re-mining of these tailings dams and deposition of the 

tailings in a new facility complete with appropriate seepage mitigation measures and 

resultantly reduce the total seepage into the Vaal River.  

 

2 SCOPE OF WORK 

The main objectives of this hydrogeological assessment were: 

1. To collate all the available and historical hydrogeological information;  

2. To supply a detailed situation analysis of the TSF in terms of the hydrogeological 

environment;   

3. To incorporate the proposed expansion footprint; 

4. To assess the risk on the groundwater resources and the Vaal River; and 

5. To make recommendations for the management of groundwater resources and design 

parameters of the proposed expansion. 

The scope of work can be listed as follows: 

• Obtain and assess all available information and identify the critical parameters that 

will require specific management; 

• Undertake a field program to assess the foundation geology and hydrogeology; 

• Understand the water quality criteria as obtained from the existing and newly drilled 

boreholes and surface water sites; 

• Incorporation of recent field work and recommendations to fill any identified gaps; 

• Application of numerical groundwater modelling; 

• Final report with recommendations. 
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3 METHOD 

A systematic “Source – Pathway – Receiver” approach is followed (Based on the G4 Impact 

Prediction Guideline, DWA, 2008) in different phases in order to adhere to the objectives and 

agreed scope of work of the assessment.  The tasks can be subdivided into different project 

phases and can be presented as follows (Figure 3-1): 

 

Figure 3-1:  Flow Diagram of the GCS Approach  

Phase 1: Data review and baseline 
information gathering

•Geological and topographical maps and 
GIS development.

•Detailed gap analysis and field work 
planning.

•Review and refinement of available data.  

• Addressing gaps.

Phase 2: Field investigations

• Hydrocensus to confirm all 
regional groundwater users 
within  the sub-catchment.

•Geophysics and remote sensing 
to understand potential 
preferred groundwater flow 
paths.

• Drilling,  aquifer testing.

•Field walk over and sampling.

•Laborotary analyses.

Phase 3: Source Term Assessment

• Geochemical field sampling and 
laboratory analyses.

• Assessment of ABA and NAG.

• Column Leach assessment and 
Geochemical Modelling.

•Seepage Model

Phase 4: HCSM*

•* Hydrogeological Conceptual Site Model 
Update.

• Combine all field and Source Term data.

• Graphical cross-section and presentations.

• Confirmation of Source-Pathway- Receptor 
Principles.

Phase 5:  NGWM*

•* Numerical Groundwater Model 
Update - Grid refinement, site plan 
refinement, time schedules and 
boundary conditions.

• Simulation of mass transport and 
scenario modelling.

•Application of intervention options and 
trade-off-analyses.

Phase 6:  Report conclusions and 
recomendations

• Constructive evaluation of 
phases above with detail 
assessment findings.

• Detailed groundwater 
management plan for mine 
closure.

•Groundwater Monitoring Plan.
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4 ASSESSMENT OF AVAILABLE INFORMATION 

This section is for information purposes only and aims to list the available information 

pertaining to the hydrogeological environment within the Kareerand TSF Area. Available 

information is listed in Appendix A. 

 

5 GEOGRAPHICAL SETTING 

The objective of this section is to supply an overview of the topographical setting of the site 

which usually provides a first order indication of regional groundwater flow patterns. An 

overview of the regional rivers and streams supplies a better understanding of the potential 

receiving surface water bodies. The geological descriptions are closely linked to what can be 

expected in terms of aquifers and sub-surface flow potential as well as the potential for 

preferential flow paths to transport contamination away from the TSF. 

5.1 Topography, Surface Drainage and Project Boundaries 

It can be seen from Figure 5-6 that the regional elevation is between 1350 mamsl (metres 

above mean sea level) in the north western part of the investigation area and 1290 mamsl to 

the south and east, closer to the Vaal River basin.   

The study area is located within the Koekemoer Spruit catchment (C24A).  The main receiving 

water body for the site is the Vaal River. 

The project boundaries have been defined by the surface drainage of the area. It can be seen 

from Figure 5-6 that the Koekemoer Spruit forms the western boundary, the Vaal River the 

southern and eastern boundaries and the Droë and Brak Spruit the north eastern boundary.   

5.2 Demographical Setting  

The area, as defined above, is traditionally known for its cattle farming and several old cattle 

drinking sites were located (old boreholes, which are mostly abandoned). Informal cattle 

farming still exists north and west of the Kareerand Site, outside the fenced boundaries. The 

eastern and south eastern portion, along the Vaal River, has irrigation fields, cattle farms 

and game camps. The far western portion has old mining operations. North of the R502 

provincial road is the Khuma Township. Refer to Figure 5-7 and Figure 5-8 for a locality map 

of the area. 

5.3 Rainfall 

The rainfall depths were extracted from the closest weather station to the study site, 

obtained from the WR2012 database (WRC, 2012). The Bushy Bend Station (436747) was 

selected as it is the closest station to the study area with a reliable record. 
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The Mean Annual Precipitation (MAP) in the vicinity of the site was calculated to be 592 mm, 

based on the Bushy Bend Station dataset; the average monthly rainfall values are shown in 

Figure 5.1 below. 

About 83% of the annual rainfall falls in summer (October to March), with the maximum 

amount of precipitation falling in January. 

 

Figure 5-1:  Average monthly rainfall figures 
 

5.4 Vaal River flow data 

Flow data for the Vaal River was applied for the risk assessment and salt load assessment 

which is presented later on in this report.  The flow for the DWS flow station, Vaal River at 

Pelgrims Estate (C2H007), situated down-stream at Orkney was used. It can be seen from 

Figure 5-2 that the average flow at this point is in the region of 1600 million cubic meters 

per annum. Dry years can be as low as 225 million cubic meters per annum. For risk 

assessment purposes these flow rates were considered to demonstrate: 

• How future low flow events can OR cannot sustain any potential salt loads, and  

• What effect future water demand in the catchments might have when reducing flow 

as per future demand predictions. It is indicated by the DWAF 2009 study that the 

total demand up-stream (Upper and Middle Vaal Systems) will increase with 

approximately 10% to 30% between 2015 and 2030 (refer to Figure 5-3 as per DWAF 

2009).  It is fair to assume that the demand will increase further within 50, 80, 100 

years, etc. 
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Figure 5-2:  Average Daily flow at flow station C2H007 
 

 
Figure 5-3:  Comparison of total system net water requirement projections for the 
Vaal (DWAF 2009) 
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5.5 General Geology and Hydrogeology 

The site is underlain by the following geological units (refer to Figure 5-9), listed from west 

to east (as per the regional Geological map – Far West Rand, 1:250 000 (South African 

Geological Survey, 1981): 

• Vmd - Dolomite, chert and remnants of chert breccia (approximately 1km west of the 

proposed extension footprint). 

• Vt - Ferruginous shale, hornfels, ferruginous quartzite. 

• Vh – Andesitic lava, subordinate pyroclastic rocks, minor quartzite, shale and 

conglomerate. 

• Vs – Ferruginous shale and quartzite. 

• Vd – Quartzite and shale, ferruginous in places. 

• Vdi – Diabase and diabase sill. 

• A – Alluvial deposits along Vaal River. 

The western half of the proposed area is underlain by Andesitic Lava of the Pretoria Group 

of the Transvaal Sequence and the eastern part of the site by Diabase of the Hekpoort 

formation. The Hekpoort Formation of the Pretoria Group is a sequence of basaltic lava to 

andesitic and tuff formations, as well as conglomerates. 

Andesite is an igneous, volcanic rock, of intermediate composition (between basalt and 

felsite). It is porphyritic- consisting of coarse crystals (phenocrysts) embedded in a granular 

or glassy matrix (groundmass).  

Diabase is an intrusive rock. Typically these greenish coloured rocks occur in shale horizons 

of the Transvaal Sequence at or near their contact with quartzites. The diabase sills vary in 

thickness from 1m to over 300m. Chemical decomposition is usually far advanced and residual 

soils relatively deep. The development of the soil profile is remarkably close to that of the 

Hekpoort andesites. These soils are highly expansive and susceptible to heave.  However, the 

weathered diabase can store significant volumes of groundwater in areas where clay material 

is less abundant and acts as significant aquifer.  

The geological units, as described above, dip at an angle of about 50o in a south eastern 

direction. The strike of the geological units is north-north east to south-south west. 

Horizontal connection to a certain degree exists between the layers by means of a weathered 

upper zone and limited compartmentalisation is expected (refer to Figure 5-4 for a simplified 

cross section).  The groundwater level mount below and around the existing TSF is visible. 

More information in terms of the geological borehole logs and site observations is given in 

the next section of this report. 

The regional hydrogeological map can be viewed in Figure 5-10. 
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Figure 5-4:  Simplified geological cross section and proposed extension 
 
5.5.1 Structural Geology 

Most of the faulting (a fault is a natural fracture that cuts through the rock) in the area trends 

in a SW-NE direction and is normal, with displacement both to the north and south of between 

10m to 250m.   

The geological map indicates two fault zones that run from SW-NE in the western and 

southern parts of the investigation area, approximately 1.5km west and south of the proposed 

TSF site (refer to the “BFS and BWA Fault” on the map below, Figure 5-5).  It can be seen 

from this map, after Brink 1986, that several dyke structures are associated with the project 

area and it is believed that these might be associated with the diabase sill because it is 

uncertain if these structures are near surface or mapped within the deeper Wits formation. 

A ground geophysical survey was completed in an attempt to distinguish between localised 

geology groups and potential shallow aquifer zones – this will be discussed later on in this 

report.  
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Figure 5-5:  Structural geology of the Transvaal Supergroup and younger rocks (after 
Brink 1986) approximate location of the TSF area
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Figure 5-6:  Regional topographical setting and project area 
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Figure 5-7:  Regional Locality Map 
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Figure 5-8:  Regional borehole localities overlaid on a Google Image of the area 
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Figure 5-9:  Regional geological map 
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Figure 5-10:  Regional hydrogeological map  
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6 GEOTECHNICAL ASSESSMENT DATA 

A total of sixty-four (64) test pits were excavated on site during the feasibility and detailed 

investigations, phased in accordance with the planned and proposed infrastructure (Knight 

Piesold, March 2019). In summary, the site is covered by transported soils and underlain by 

residual andesite, shale or residual dolerite/diabase that transitions to highly weathered 

bedrock at depth.   

Table 6-1, supplies the results of the tailings permeability tests (KP, 2019). Table 6-2 supplies 

a summary list of the permeability tests conducted. It can be seen that the coefficients of 

permeability are fairly low and range between 0.07 to 0.0004m/day, with residual dolerite 

being the highest and colluvium the lowest.  The values are generally lower when comparing 

the aquifer tests for the aquifer zone between 5 and 40m below surface. 

 

Table 6-1:  Saturated hydraulic conductivities for the tailings material (KP, 2019) 

Tailings 
Facility 

Section 

Saturated hydraulic conductivity (k) 
Comment 

(m/d) (m/s) 

Underflow Wall 0.0022 2.6x10-8 
Ksat value specified by KP 

(2018 underflow) 

 Outer Beach 3.0x10-4 3.5x10-9 
Ksat value specified by KP 

(2018) for overflow 

 

Data obtained were applied during the development of the hydrogeological conceptual model 

for the applicable areas. 

 

Table 6-2:  Summary of in-situ permeability test results (KP, 2019) 

Test Pit No 
Test 
Depth 
(m) 

Origin 
Coefficient of 
Permeability 
(k) (m/sec) 

Coefficient of 
Permeability 
(k) (m/day) 

NTP13 1.2 - 1.5 Alluvium 5.20E-07 0.045 

NTP15 0.2- 0.5 Alluvium 2.20E-07 0.019 

NTP16 3.4 - 3.7 
Reworkable residual 
andesite 4.30E-07 0.037 

NTP19 2.1 - 2.4 Residual andesite 1.60E-07 0.014 

NTP21 2.1 - 2.4 
Reworkable residual 
andesite 2.40E-07 0.021 

NTP22 1.0 - 1.3 Residual Shale 1.80E-08 0.002 

NTP25 2.1 - 2.4 Residual Dolerite 4.20E-07 0.036 

NTP26 1.1 - 1.4 Alluvium 1.50E-07 0.013 

NTP28 2.3 - 2.6 Residual Shale 4.70E-08 0.004 

NTP3 2.4 - 2.7 Residual andesite 1.50E-07 0.013 

NTP31 2.3 - 2.6 Residual andesite 1.40E-07 0.012 

NTP35 2-1 - 2.4 Colluvium 5.80E-08 0.005 
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NTP36 3.0 - 3.3 
Reworked residual 
andesite 1.50E-07 0.013 

NTP39 1.3 - 1.6 
Reworked residual 
andesite 1.40E-07 0.012 

NTP4 2.6 - 2.9 Residual Dolerite 1.70E-07 0.015 

NTP41 1.3 - 1.6 Nodular Ferricrete 8.00E-07 0.069 

NTP7 2.0- 2.3 Colluvium 4.10E-09 0.0004 

NTP8 2.0 - 2.3 Residual Dolerite 1.30E-07 0.011 

 

7 DESIGN CRITEREA 

According to the latest design report, KP, 2019, the performance assessment included the 

following important information applicable to this hydrogeology assessment: 

• Tailings will be deposited onto the extension of tailings dam by means of a cyclone 

method of deposition. The TSFs will be operated as two independent tailings dams. 

The variance will be the deposition tonnages at a given time to ensure that a 

maximum rate of rise is not breached in either of the facilities. 

• The aim will be to consolidate the two dams at closure and operate a single central 

pool. 

• The TSF extension will be a constructed by an upstream construction method, with 

overall slope of 1v:6h. 

• The overall height of the tailings dam is 122 m. 

• The tailings material has been classified as Type 3 waste requiring a Class C barrier 

system. 

• The barrier system design was based on the performance approach design such that 

the ultimate design performs similar to the minimum legislated requirements. In 

simple terms, the aim was to compare the seepage rate through different lining 

material. This was achieved analytically by using Darcy’s Law to estimate the seepage 

through the tailings and barrier system. The method used is described in the book: 

Planning, Design, and Analysis of Tailings Dams (1990) by Steven G. Vick. A number 

of barrier systems were compared to the performance of the Class C barrier system 

as legislated. For the expansion of the TSF, there were seven different barrier system 

designs that were investigated.   

• The best suited option was identified to include: Case 3b (Figure 7-1): The tailings 

are placed on 1.5 mm HDPE geomembrane, overlaying a 300 mm compacted clay 

layer. 



Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 17 

Table 7-1 below shows the permeabilities used for the different materials. The performance 

of the barrier system is a combination of the performance of different materials as per the 

cases evaluated. 

 

Table 7-1:  Permeability values applied , KP, 2019 

 

The materials above were combined in different combinations to evaluate the seepage 

performance of the system. The results are shown in Figure 7-1 below. 

 

 

Figure 7-1:  Barrier performance (KP, 2019) 
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8 AQUIFER CHARACTERISATION 

8.1 Backgrounds 

As background for understanding purposes, there are three types of groundwater aquifers 

and it is important that these are defined before a discussion on the effects of any potential 

discharge from the proposed and current TSF can be entered into: 

1. Primary aquifer where water is stored in the interstitial pore spaces of the rocks.  

These normally occur along alluvial stream and river zones and are unconfined in 

nature. 

2. Weathered rock aquifers are found in upper weathered zones extending from surface 

down to depths of between 5 to ~20m.  The base of the aquifer is defined by the 

unweathered bedrock and it extends up to the interface between the saturated and 

unsaturated zones. The zone located above the saturated weathered aquifer and 

below the ground’s surface, is known as the unsaturated zone.  This aquifer is 

recharged by rainfall and the percentage recharge is estimated to be between 1 and 

5% of the annual rainfall (but can differ depending on rainfall intensity and geological 

characteristics). The relatively low permeability of the competent rock below the 

weathered zone retards the vertical migration of the recharging rainwater and results 

in the accumulation of water of water within the upper (weathered) aquifer. This 

can sometimes lead to the development of surface and groundwater interaction zones 

(i.e. wetlands and interflow to streams and rivers) where the weathered zone aquifer 

extends up to the surface. Groundwater within this aquifer generally flows down 

gradient (following the topography) within the weathered zone towards the lower 

lying areas and to surface water bodies. The groundwater level and aquifer yield are 

influenced by seasonal changes in rainfall and evaporation. These aquifers are 

generally low yielding with reasonable to good water quality. A portion of the 

groundwater associated with the weathered material will migrate into the underlying 

fractured rock and recharge fractured rock and primary aquifers which may develop 

below and next to this zone. 

3. Secondary fractured rock aquifers are founding jointed or fractured rock adjacent to 

geological intrusions (i.e. dykes and sills) and faulted zones. Fracturing of this rock 

may occur through a number of geological mechanisms, but within this region it 

primarily as a result of igneous intrusions (i.e. diabase and dolerite).  

Groundwater flow in this aquifer is along the secondary structures and interstices 

such as fractures and joints and flow is determined by the fractures, their 

interconnectivity and pressure.  
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Recharge of this aquifer is generally from the weathered zone and/or rainfall where 

these aquifers are closer to surface. Aquifer yields are highly variable- between 0.01 

to >10 l/sec. 

Aquifer characterisation was assessed by means of the following field applications between 

2008 and 2019:   

• Survey of regional groundwater usage and available boreholes. The term 

“hydrocensus’ is applied to determine the extent of groundwater usage which 

supplies more information about groundwater resource potential and ambient 

groundwater quality. The maps above (Figure 5-6 to Figure 5-9) supply an idea of the 

identified observation sites within the area. 

• Geophysical surveys to determine the magnetic properties, conductance and 

resistivity characteristics of the shallow earth materials.  This, in turn, supplies an 

indication of the potential for groundwater storage and preferential flow paths. 

• Drilling of test and observation boreholes and field observations. 

• Testing of the boreholes by means of falling / rising head tests and pump tests to 

determine aquifer parameters like hydraulic conductivity, transmissivity and storage 

potential. 

• Sampling of the groundwater and surface water in the area for chemical and water 

quality analyses.  

• Geotechnical Assessments. 

8.2 Hydrocensus 

The data obtained during the November 2017 hydrocensus is provided in Appendix B and 

shown on the maps above (Figure 5-6 to Figure 5-9). A total of 31 old and existing farm 

boreholes have been located. Most of these sites are abandoned, only the farms further to 

the north east, south east and the game farm to the south west have active boreholes. These 

farm boreholes can be grouped as follows: 

• The farm Portion 23 of Kromdraai 420 IP of Sally Barraclough. Seven (7) in total, four 

(4) production boreholes of which one (1) is for domestic and three (3) are for 

agricultural purposes. Three (3) boreholes are not in use.  Generally high sulfate 

concentrations have been recorded in both the initial 2008 and 2017 follow up 

hydrocensus and the owner applies treatment to the domestic use water. These 

boreholes are situated south east of the TSF and sites are labelled HC01 to HC07. 
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• The farm Kromdraai 420 IP of Nicolaas Maree. One (1) domestic use borehole was 

identified and sampled (HC27), an additional borehole (HC20) is used for cattle 

watering. 

• The farm Portion 8 of Kromdraai 420IP. A production borehole is situated east of the 

old farm-house and the Tim Haven plots next to the Vaal River, approximately 400m 

further to the east make use of this water for domestic purposes.   

• Game farm south and south west. This is now the property of Chemwes Pty Ltd.  Two 

production boreholes which are used for animal watering (HC13, HC14). HC 13 – 

Portion 2 of Buffelsfontein 443IP and HC14 – Portion 14 of Buffelsfontein 443IP. 

8.3 Geophysical Survey Data 

Three types of geophysical applications were introduced between 2008 and 2019, the 

magnetic survey was done by means of a conventional magnetometer (Geotron Model G5 

Proton Memory Magnetometer, measurements in nanotesla, nT), the electromagnetic survey 

(EM, Maxmin I+10 Frequency EM System, measurements in mS/m) and electrical resistivity 

tomography (ERT) survey (ABEM LS100, measurements in ohm). 

An overview of the geophysical surveys conducted between 2008 and 2019 is presented in 

Appendix C and below. 

Approximately 40km of EM and magnetic surveys were completed in October 2017 and March 

2019 around the existing Kareerand TSF.   

Igneous rocks have the highest resistivity, sedimentary rocks have the lowest while 

metamorphic rocks are intermediate (Figure 8-1). The resistivity of particular rock types 

varies directly with age and lithology, since the porosity of the rock and salinity of the 

contained water are affected by both (Telford et al., 1976). The resistivity of rocks is strongly 

influenced by the presence of groundwater, which acts as an electrolyte (Lowrie, 2007). 
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Figure 8-1:  Typical resistivity (ohm) and conductivity (mS/m) values for different rock 
types 
EM field readings have been obtained at 4 different frequencies during the 2017 and 2019 

surveys in an attempt to obtain different depth readings: 

• 880 Hz: 235 Atm2 

• 1760 Hz: 230 Atm2 

• 3520 Hz: 200 Atm2 

• 7040 Hz: 100 Atm2 

The electromagnetic survey data obtained from the 880, 1760 and 3520 Hz setting was 

interpolated by means of Kriging, the 1760Hz frequency is presented in Figure 8-2.  The 880Hz 

frequency is presented in Figure 8-3.   

Although not 100% accurate, the 880 Hz represents the deeper formations (~30 to 80m), the 

1760Hz represents the medium depth formations (between ~15 and 40m) and the 3250Hz the 

shallow formations (2 to 10m). 

In consideration of the local geophysical characteristics presented in Figure 8-2 and Figure 

8-3, it is fair to distinguish between the following rock types: 

1. The resistive low conductor of the solid diabase formation (pink- purple). This 

corresponds with the geology map for the area and the more solid diabase to the east 

of the TSF; 

2. Higher conductivities (blue), in between the solid diabase formations, represent 

deeper weathered diabase zones; 

3. The shales to the west (green- yellow), where the expansion is planned for, show 

high conductivity values. Shales were also observed during the field surveys to the 

east along the farm road and in the game camp;  

4. The andesites and quartzite show very low conductivities and these lithologies are 

limited to the western portion of the planned expansion; 

5. The clay rich shales of the Karoo zone, to the north western corner of the TSF (yellow- 

red); 

6. The fairly high conductance to the south represents both water logged soils and 

weathered diabase. The difference in resistivity between the dry weathered diabase 

and the water logged diabase is visible. 
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The figures below also supply an indication of the aquifer zones in terms of high flow, low 

flow and medium flow properties as observed from field drilling. They also supply a generic 

overview of the geology types encountered as well as the quartzite ridge mapped from field 

survey data.  

The resistivity profiles that have been completed between 2013 and 2016 are presented on 

Figure 8-4. A long line was completed along the southern toe of the proposed expansion in 

2017 and this is presented in Figure 8-5. Additional infill ERT lines were completed in 

December 2018 to refine the proposed locations of interception wells (refer to Figure 8-6). 
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Figure 8-2:  EM Survey 1760 Hz Kriging interpolated and contoured 
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Figure 8-3:  EM Survey 880 Hz Kriging interpolated and contoured
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Figure 8-4:  ERT profiles completed 
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Figure 8-5:  ERT Profile for new expansion area (GPT, 2017) 
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Figure 8-6:  In-fill ERT Profiles for interception well field at southern end and north eastern side of TSF (GCS, 2018) 
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8.4 Drilling of Observation and Test Boreholes 

The localities of all observation boreholes can be seen on the previous maps and map below 

(Figure 8-10).  In addition, sixteen (16) interception boreholes were drilled in March 2019 and 

added to the map. A total number of 74 boreholes have been drilled over the past years. 

The borehole particulars are captured in Appendix D. The lithological borehole logs and 

construction details are captured in Appendix E.  The following basic deductions were made 

from drilling data: 

• Boreholes were generally drilled to depths between 5 and 60m below ground level 

and average around 30m.  The depth of the boreholes was defined during drilling 

where weathering and change of lithology were considered. The main objective was 

to understand groundwater strike depths, aquifer flow potential and properties and 

groundwater quality.  It might be required to drill at least two (2) deep boreholes 

(around 80m) next to two (2) shallow boreholes within the diabase sill to gain a better 

understanding of deeper fracturing and groundwater heads for different aquifer 

zones. 

• Penetration rates were recorded during drilling and are presented on the borehole 

logs in Appendix E. the logs supply an indication of weathering, clay content, 

consistency of rock material (hard or soft) and fracturing. 

• Field observed airlift yields were measured and are between 0 (dry) and 15 l/sec, 

however most of the boreholes indicated airlift yields between 0 and 2 l/sec.  A fairly 

good linear correlation exists when plotting obtained k values (hydraulic conductivity 

in m/day) with observed airlift yield data (Figure 8-7). 

o Generally, boreholes drilled within shale, andesite and dolomite (dolomite 

only occurs much further westwards) indicated dry to low airlift yields. Shale 

is a sedimentary rock that has high porosity but low permeability, therefore 

the transmission of water will be low which will result in low storage of water 

in the aquifer. 

o Boreholes drilled within the diabase where weathering profiles exceed 10m 

(10 to 25m) indicated medium to high airlift yields.  These zones are usually 

known for higher permeabilities and high storage characteristics and occur 

mainly south of the existing TSF and further north and north east at the 

Kromdraai Farm approximately 1km from the TSF. 
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Figure 8-7:  Correlation graph of K values and airlift yields 

8.5 Groundwater Level Data 

Groundwater level data was obtained from the boreholes and the following can be derived 

from the available data: 

• Groundwater levels were in the order of 15 to 20 m below ground level at the site of 

the current Kareerand TSF before deposition started (GCS, 2008). There was a good 

correlation between groundwater elevations and topographical setting with 

groundwater generally conforming to the topography within the shallow system.  

Groundwater levels are much shallower around the TSF currently. 

• The areas further to the west, where andesite and dolomite intersect, indicated 

much deeper groundwater levels (>30m) which have not changed significantly over 

time. 

• Figure 8-8 shows the correlation between the groundwater elevation and the 

topographical elevation as per 2018/2019 data. The data shows a variation in depth 

between shallow or artesian boreholes situated close to the Kareerand TSF and 

deeper groundwater levels further to the west, away from the TSF. Elevated 

groundwater levels therefore results in a poor correlation. 

• Figure 8-9 shows the correlation between groundwater elevation and topography for 

data prior to TSF deposition in 2008. The correlation achieved was almost 80%. 



Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 30 

• The zone of unsaturation has dramatically changed over a period of 3 to 5 years after 

tailings deposition started and decreased from almost 15m to between 0 and 5m 

below and around the TSF. This is mainly as a result of seepage from the TSF. 

• Figure 8-10 shows Kriging interpolated current groundwater levels. The groundwater 

mound associated with the TSF is visible. 

• Figure 8-11 supplies a graphical representation of the groundwater level elevations 

and flow directions. 

• Figure 8-12 shows time domain monitoring data for the eastern and southern areas.  

The increase in groundwater levels can be observed. It is also evident from the graphs 

that groundwater levels tend to stabilise after 4 years of tailings deposition. 

 

Figure 8-8:  Correlation between topography and groundwater elevation (2019 Data) 
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Figure 8-9:  Pre TSF correlation graph (2008 data) 
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Figure 8-10:  Borehole locality map and groundwater level contours (Kriging Interpolated) 
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Figure 8-11:  Interpolated groundwater elevation contours and flow directions 
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Figure 8-12:  Overview of groundwater levels in the direct vicinity of Kareerand TSF 
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8.6 Aquifer Testing and Hydraulic Parameters 

Aquifer tests were completed on most of the boreholes and tests vary from constant rate 

pump tests to slug tests (falling and rising head tests) with recovery monitoring. The aquifer 

test results are attached in Appendix F of this report. 

8.6.1 Transmissivity and Hydraulic Conductivity 

Transmissivity is directly proportional to horizontal hydraulic conductivity (K) and aquifer 

thickness (D). Expressing K in m/day and D in m, the transmissivity (T) is reported in m2/day.  

The transmissivity is a measure of how much water can be transmitted horizontally through 

an aquifer, to a pumping well for example.  Table 8-1 supplies a list of hydraulic conductivity 

values as obtained from the aquifer test analyses. Cooper Jacob, Theis Recovery and Bower-

Rice analyses methods were applied.   

 

Table 8-1:  K values derived from aquifer tests 

Lithology 

Summary of K Values (m/day) 

Average 
Geo 
Mean 

Max 
Har 
mean 

Chert/ Dolomite (limited Data) 0.001 0.001 0.1 0.001 

Andesite 0.152 0.019 0.2 0.003 

Quartzite, Lava, Shale 0.074 0.074 0.1 0.074 

Shale and diabase 0.325 0.207 0.8 0.123 

Predominantly Shale 0.420 0.355 0.8 0.296 

Diabase, weathered (unsaturated) with shales 0.497 0.497 0.8 0.497 

Diabase, weathered  with Clay 0.172 0.064 0.45 0.009 

Diabase, weathered  clay and boulders 0.217 0.216 0.5 0.215 

Diabase, highly weathered  and fractured on 
contact 2.754 1.930 15.680 0.898 

 

8.6.2 Storativity and Specific Yield 

The storativity (S) is defined as the volume of water that an aquifer releases from or takes 

into storage per unit surface area of the aquifer per unit change in head, a dimensionless 

unit.  The size of the storage coefficient (storativity) depends on whether the aquifer is 

confined or unconfined. If the aquifer is confined, the water released from storage when the 

head declines comes from expansion of the water and from compression of the aquifer. In an 

unconfined aquifer, the expansion of a given volume of water in response to a decline in 

pressure is very small and the term specific yield is used. 

Pump test results and field observations indicate rather leaky (semi confined) to unconfined 

conditions (for the shallow highly weathered diabase). It is therefore suggested that both 

storage and specific yield are considered.  Storage values ranged between 1x10-3 to 1x10-5, 

refer to Table 8-2. Table 8-3 provides values of specific storage for given values of aquifer 

compressibility assuming porosity equal to 15 % (Younger, 1993). 
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Table 8-2:  S Values obtained from pump tests and observation borehole monitoring 

Borehole S [ ] 

BH15 6.8 X 10-3 

BH16 6.8 X 10-3 

BH19 1.1 X 10-3 

BH20 6.5 X 10-5 

BH21 1.1 X 10-3 

 

Table 8-3:  Typical storage values (Younger, 1993) 

Typical Lithologies Aquifer Compressibility 
(ms2/kg) 

Specific Storage 

(m-1) 

Clay 10-6 9.81x10-3 

Silt, fine sand 10-7 9.82x10-4 

Medium sand, fine gravel 10-8 9.87x10-5 

Coarse sand, medium gravel, highly fractured rock 10-9 1.05x10-5 

Coarse gravel, moderately fractured rock 10-10 1.63x10-6 

Un-fractured rock 10-11 7.4x10-7 

 

Specific yield (Sy), also known as the drainable porosity, is a ratio, less than or equal to the 

effective porosity, indicating the volumetric fraction of the bulk aquifer volume that a given 

aquifer will yield when all the water is allowed to drain out of it under the force of gravity.  

The following Sy values were suggested by Johnstone, 1967: 

Table 8-4:  Values of specific yield, from Johnstone, 1967 
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8.7 Aquifer Recharge 

The regional aquifer recharge is in the order of 2 to 5% of annual rainfall if the Vegter, 1995 

recharge map of South Africa is considered. The chloride mass balance method was used to 

estimate the average diffuse groundwater recharge.  A rainfall sample was obtained in March 

2020 (Table 8-5) and the chloride concentration was <5mg/l (Table 8-5).  Borehole chloride 

concentrations are compared to rainfall calculations within the mass balance equation (refer 

to eq1 below), the borehole concentrations are listed in Table 8-6.  The recharge calculated 

varies between 4 and 5.5% (Table 8-7).  The low chloride concentrations in boreholes HC07 

and BH44 suggest higher recharge values of >6%. 

Table 8-5:  Rainfall chloride analyses at Kareerand TSF 

 

Table 8-6:  Borehole Chloride concentrations 

 

Equation 1 

Table 8-7:  Re calculation for Kareerand regional 

 

Date 2017-11-15 2017-11-15 2017-11-15 2017-11-15 19 Feb 2018 19 Feb 2018

Constituent HC02 HC01 HC07 BH44 BH51 HC23 AVE

Chloride mg/L Cl- 140 81 14 8 35.3 106.39 64

Rain Cl (mg/l) Ambient GW Cl (mg/l) Est. Re (%)

Early 2.35 50 4.70

Peak 2.2 40 5.50

Dry 3.95 100 3.95

Average 2.83 64.00 4.43
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8.8 Diabase Bedrock Profile 

The diabase sill was mapped by using the borehole logs and interpolation of data points, refer 

to Figure 8-13 for cross sections based on available borehole data and interpolation.  The 

following features can be derived: 

• Drilling observations and data indicates minimal weathering and outcrop to the north 

east and east of the Kareerand TSF with thinner weathering bands and minimal 

fracturing. 

• Deeper weathering on average ~18m occur to the south.  The contact of the diabase 

sill acts as a preferred groundwater flow path in this area, the aquifer consists of 

zones of high permeability and significant fracturing occurs within the upper ~5m of 

the sill. 

• Deeper fracturing occurs in some boreholes but not consistently and groundwater 

yields vary significantly. It is fair to assume that hydraulic conductivity and 

transmissivity decrease with depth and the main aquifer flow zone is associated with 

the contact between the upper weathering zone and solid diabase interface. 

• Deep weathering was also observed at the Kromdraai farm approximately 1km north-

east of the Kareerand TSF and in 1 borehole north of the TSF (also about 1km away).  

These areas can be regarded as a high yielding aquifer.   

• In some areas the weathered diabase profile indicates limited aquifer yields with 

poor aquifer development, for example borehole BH51 south-east of the TSF.   

• It is fair to assume that the phreatic surface and rise in heads at the TSF contribute 

significantly to borehole flow to the south which is hydraulically down-gradient.   
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Figure 8-13:  Diabase sill profile with cross sections 
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8.9 Concluding Remarks 

In summary, the local geology comprises of four geological zones alternating with 

heterogeneous zones of inter layered rocks of both sedimentary and igneous origin.  

The rock underlying the Kareerand TSF is characterized by well-developed igneous layering 

(diabase sill). The competent (fresh) diabase is overlain by a 0 to 25 m weathered zone, while 

surficial unconsolidated sediments of clayey sand range between ~0.5 to ~3 m in thickness.  

Unweathered diabase, shales, quartzite and andesite lava have similar hydrogeological 

characteristics and are characterized by a low primary porosity and permeability. The 

permeability of the bedrock aquifer is associated with secondary structural features (e.g. 

joints, fractures, fissures, dykes, faults etc.).  

The basal portion of the diabase weathered zone is more permeable than the upper zone due 

to the presence of open fractures and highly weathered zones but also due to the presence 

of clay layers in the upper reaches. Deep weathering is associated with certain areas closer 

to the Vaal River (Viljoen Farm, Kromdraai) which enhances the groundwater potential.  

8.10 Aquifer Classification 

The weathered / fractured aquifer that underlies the extension site may be classified as a 

minor aquifer (Parsons, 1995) due to the general yields of less than 2.0 l/s. The Minor Aquifer 

System is defined as “fractured or potentially fractured rocks which do not have a high 

primary permeability, or other formations of variable permeability. Aquifer extent may be 

limited and water quality variable. Although these aquifers seldom produce large quantities 

of water, they are important both for local supplies and in supplying base flow to rivers”. 

The aquifer system north east of the site at the farm Kromdraai can be classified as a Major 

Aquifer System due to its high yields > 2l/sec and high hydraulic conductivity values. 
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9 GROUNDWATER QUALITY 

The data from the November 2017 Hydrocensus are captured in Table 9-1 to Table 9-3.  

Generally, TDS and sulfate concentrations elevated above the 1996 DWAF Target Water 

Quality Guidelines (TWQG) were observed within the direct vicinity of the Kareerand TSF.  It 

is important to note that the 1996 DWAF Domestic Water Use Target Water Quality Guidelines 

(TWQG) and the Guidelines for Stock Watering were applied. The TWQG standards are 

designed for potable water systems and not for environmental compliance and are therefore 

not considered to be relevant at all the identified hydrocensus sites but supply a consistent 

reference/comparison method. The Stock Watering Guidelines are generally more relevant 

as most of the identified boreholes are used for stock watering purposes and not for domestic 

use. The results should be understood in context of the site and typical gold TSF seepage 

water quality indicator elements (for example pH, sulphate and iron, etc). 

Routine groundwater monitoring data was obtained from the south-eastern farm boreholes, 

situated 5.7 and 7km respectively from the Kareerand TSF. These two boreholes HC01 and 

HC02 were sampled in 2008 and indicated higher sulfate concentrations when compared to 

ambient data collected at the same time, prior to any tailings deposition at Kareerand TSF. 

The sulfate trend graph can be seen in Figure 9-1. 

It can be seen from the tables that generally Ca and Mg are dominant in most of the samples.  

Some parameters exceeding the target water quality guidelines in some of the boreholes 

include Cl, NO3, Na, Fe, Al and Mn.  Manganese occurs above target levels at most of the 

sites. 

Neutral pH levels were observed in all the sites.  The lowest pH of 5.6 occurs in borehole 

BH58 which is situated directly west of the transfer incoming residue tank and the TSF. 

9.1 Time Domain Sulfate 

The sulfate time graphs for the existing monitoring boreholes are presented in Figure 9-1.  

Sulfate concentrations increased rapidly from May 2014 at the two eastern monitoring 

boreholes, BH13 and BH15. Sulfate concentrations then decreased again from May 2015 for 

BH13 and May 2016 for BH15.   

It is fair to assume that the initial flux from the TSF caused the initial increase trend, where 

tailings effluent was disposed on open soil surfaces and ingress was significantly higher, until 

a tailings floor barrier developed. The data for the southern boreholes (BH16, BH17 and BH21) 

indicate a steady sulfate increase.   

Figure 9-4 supplies time graphs for Al, NH3, Fe, Mg and pH.  

It is evident that most of the sites shows concentrations of Mg, Mn and Ca above the DWAF 

1996 guideline. 
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9.2 Sulfate Distribution Map 

The sulfate distribution and kriging interpolated contours are shown in Figure 9-3.   

9.3 Hydrochemical Imagery 

The piper plot (refer to the insert diagram) can be analyzed 

to provide an indication of the chemical water type of the 

groundwater. Samples that plot in the top quadrant are 

defined as calcium sulfate waters (usually indication of gold 

mine waste influence), samples in the left quadrant are 

defined as calcium bicarbonate waters, samples in the right 

quadrant are defined as sodium chloride waters, and samples 

in the bottom quadrant are defined as sodium bicarbonate 

waters. 

It can be seen from Figure 9-2 that the different water sample 

sites plot in either the top calcium-sulfate type area 

(minority) or within the left calcium-bicarbonate type 

(majority). The basic differentiator between these two water 

types are the concentrations of sulfate in some of the samples 

as a result of either natural geological influences or sites close to the Kareerand TSF impacted 

by tailings seepage. 

The expanded Durov diagram in Figure 9-2 shows the same basic differentiation between the 

samples un-influenced by the Kareerand TSF and those with some degree of sulfate seepage 

(i.e. plotted towards the middle section of the central blocks as indicated below). 
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Figure 9-1:  Sulfate time graphs for selected boreholes  
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Figure 9-2:  Piper and expanded durov diagrams for the recent water quality analyses (samples obtained by GCS and AGA between Nov 2017 and Feb 2018) 
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Figure 9-3:  Groundwater sulfate distribution and contour map (2017 hydrocensus data) – Kriging interpolation applied for contours 
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Table 9-1:  Laboratory analyses for the sites sampled in Nov 2017 (1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date 2017-11-08 2017-11-08 2017-11-08 2017-11-08 2017-11-08 2017-11-08 2017-11-08 2017-11-08 2017-11-08 2017-11-09 2017-11-09

Constituent BH37 HC13 HC19 BH5 BH39-12m BH4 HC11 BH39-22m BH11 HC24 HC25

Electrical Conductivity mS/m 38.7 49.7 45.8 57.1 84.3 48 48.8 104 46.7 56.4 72.9 0 - 70 0 - 155

Hardness Total** mg/L CaCO3 150 217 252 310 395 209 579 257 294 394

0 - 50 Soft

50 - 100 Moderate

100 - 150 Slightly Hard

NS

pH pH units 8.7 7.3 7.3 7.1 7.9 8.3 7.4 7.8 7.7 7.5 7.5 4 - 9 NS

Total Dissolved Solids at 

180°C
mg/L 250 302 266 328 457 306 235 775 272 401 769 0 - 450 0 - 1000

Alkalinity Total mg/L CaCO3 263 231 246 407 414 269 271 362 270 280 289 NS NS

Ammonia mg/L N <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 9.7 <0.5 <0.5 <0.5 <0.5 0 - 1 NS

Calcium Dissolved mg/L Ca 23 43 50 63 77 15 40 121 42 56 87 0 - 32 0 - 1000

Chloride mg/L Cl- 27 12 6 12 24 8 10 76 10 19 26 0 - 100 0 - 1500

Fluoride mg/L F- <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0 - 1 0 - 2

Magnesium Dissolved mg/L Mg 22 27 31 37 49 <10 26 66 36 37 43 0 - 30 0 - 500

Nitrate & Nitrite mg/L N 6.2 8.9 <0.5 2.7 7.7 <0.5 <0.5 5.8 <0.5 <0.5 17 0 - 6 0 - 100

Orthophosphate** mg/L P <0.05 <0.05 NS NS

Potassium Dissolved mg/L K <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 0 - 50 NS

Sodium Dissolved mg/L Na 18 19 23 32 67 106 25 52 25 22 20 0 - 100 0 - 2000

Sulphate mg/L SO4 <5.0 <5.0 7.1 56 <5.0 <5.0 107 <5.0 27 26 0 - 200 0 - 1000

Zinc Dissolved mg/L Zn <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.13 <0.10 <0.10 <0.10 <0.10 0 - 3 0 - 20

Aluminium Dissolved mg/L Al <0.10 <0.10 <0.10 <0.10 0.35 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0 - 0.15 0 - 5

Boron Dissolved mg/L B <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 <0.30 NS 0 - 5

Chromium Dissolved mg/L Cr <0.02 0 - 0.05 0 - 1

Copper Dissolved mg/L Cu <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0 - 1 0 - 0.5

Cyanide WAD - CFA** mg/L CN <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 < 0.2 (SANS 241-1: Acute limit) NS

Iron Dissolved mg/L Fe <0.20 <0.20 <0.20 0.3 0.32 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.1 - 0.3 0 - 10

Lead Dissolved mg/L Pb <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 < 0.01 0 - 0.1

Manganese Dissolved mg/L Mn <0.10 <0.10 0.12 0.15 <0.10 <0.10 0.48 0.21 0.11 <0.10 0.13 0 - 0.05 0 - 10

DWAF  1996 

Domestic Use – TWQR

DWAF  1996 Stock 

Watering Use – TWQR

* < Below Detection Limit; NA - No Data/Not Analysed/No Standard; n/s - No Standard; Green -Above 1996 DWAF Ideal Values; Orange - Above 1996 DWAF Livestock Watering Ideal Values; White - Does not surpass compared guideline limit; IS: insufficient sample to complete 

analysis

Chemical - Micro Determinands

Chemical - Macro Determinands
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Table 9-2:  Laboratory analyses for the sites sampled in Nov 2017 (2) 

 
 
 

 

 

 

 

 

Date 2017-11-09 2017-11-09 2017-11-09 2017-11-09 2017-11-09 2017-11-15 2017-11-15 2017-11-15 2017-11-15 2017-11-15 2017-11-15

Constituent BH40 BH41 HC23 HC21 KD01 BH42 BH43 HC27 BH47 BH10 S101

Electrical Conductivity mS/m 94.4 134 282 80.5 81.8 55 73.8 167 86.3 78.5 472 0 - 70 0 - 155

Hardness Total** mg/L CaCO3 489 826 2061 456 544 237 277 723 398 336 2326

0 - 50 Soft

50 - 100 

Moderate

100 - 150 Slightly 

Hard

NS

pH pH units 8.1 8.1 7.3 7.4 7.4 7.6 7.7 7.2 7.8 7.2 7.6 4 - 9 NS

Total Dissolved Solids at 

180°C
mg/L 1181 3012 3075 612 644 382 422 1051 595 461 3340 0 - 450 0 - 1000

Alkalinity Total mg/L CaCO3 279 231 312 401 320 270 295 359 265 205 153 NS NS

Ammonia mg/L N <0.5 <0.5 <0.5 <0.5 <0.5 0.93 <0.5 <0.5 <0.5 1.2 1.6 0 - 1 NS

Calcium Dissolved mg/L Ca 95 179 440 101 135 47 55 150 93 54 466 0 - 32 0 - 1000

Chloride mg/L Cl- 65 126 178 27 36 8 25 170 51 61 337 0 - 100 0 - 1500

Fluoride mg/L F- <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0 - 1 0 - 2

Magnesium Dissolved mg/L Mg 60 91 231 49 50 29 34 83 40 49 279 0 - 30 0 - 500

Nitrate & Nitrite mg/L N 5.2 4.3 3.1 0.7 15 8.5 5.9 49 15 0.6 0.6 0 - 6 0 - 100

Orthophosphate** mg/L P <0.05 <0.05 <0.05 <0.05 <0.05 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 NS NS

Potassium Dissolved mg/L K <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 0 - 50 NS

Sodium Dissolved mg/L Na 28 45 36 19 22 27 63 68 31 22 312 0 - 100 0 - 2000

Sulphate mg/L SO4 112 358 1167 49 49 <5.0 70 105 74 122 2342 0 - 200 0 - 1000

Zinc Dissolved mg/L Zn <0.10 <0.10 0.5 2.7 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.12 0 - 3 0 - 20

Aluminium Dissolved mg/L Al <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0 - 0.15 0 - 5

Boron Dissolved mg/L B <0.30 <0.30 <0.30 <0.30 <0.30 NS 0 - 5

Chromium Dissolved mg/L Cr 0 - 0.05 0 - 1

Copper Dissolved mg/L Cu <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0 - 1 0 - 0.5

Cyanide WAD - CFA** mg/L CN <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.14 <0.02 <0.02 <0.02 <0.02< 0.2 (SANS 241-1: Acute limit) NS

Iron Dissolved mg/L Fe <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 <0.20 0.1 - 0.3 0 - 10

Lead Dissolved mg/L Pb <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.050 <0.050 < 0.01 0 - 0.1

Manganese Dissolved mg/L Mn <0.10 <0.10 0.1 0.23 <0.10 0.21 0.38 <0.10 0.56 0.14 24 0 - 0.05 0 - 10

DWAF  1996 

Domestic Use – 

TWQR

DWAF  1996 

Stock Watering 

Use – TWQR

Chemical - Micro Determinands

Chemical - Macro Determinands

* < Below Detection Limit; NA - No Data/Not Analysed/No Standard; n/s - No Standard; Green -Above 1996 DWAF Ideal Values; Orange - Above 1996 DWAF Livestock Watering Ideal Values; White - Does not surpass compared guideline 

limit; IS: insufficient sample to complete analysis
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Table 9-3:  Laboratory analyses for the sites sampled in Nov 2017 (3) 

 

 

 

Date 2017-11-15 2017-11-15 2017-11-15 2017-11-15 2017-11-15 19 Feb 2018 19 Feb 2018 19 Feb 2018 19 Feb 2018 19 Feb 2018

Constituent HC02 HC01 HC07 BH44 BH46 BH51 BH52 BH55 BH58 HC23

Electrical Conductivity mS/m 208 131 19.4 35 235 89.3 301 119.6 242.7 168.6 0 - 70 0 - 155

Hardness Total** mg/L CaCO3 989 576 119 1339

0 - 50 Soft

50 - 100 

Moderate

100 - 150 Slightly 

Hard

NS

pH pH units 7.2 7.4 6.8 7.7 8 7.49 7.21 7.87 5.62 6.65 4 - 9 NS

Total Dissolved Solids at 180°C mg/L 1588 919 138 234 1875 570 2355 715 1591 1310 0 - 450 0 - 1000

Alkalinity Total mg/L CaCO3 414 409 73 158 207 388.3796 267.14 148.314 < 30.0 107.768 NS NS

Ammonia mg/L N <0.5 <0.5 <0.5 <0.5 <0.5 0 - 1 NS

Calcium Dissolved mg/L Ca 233 122 <10 25 310 70.1113 407.7532 20.7401 243.4562 163.8732 0 - 32 0 - 1000

Chloride mg/L Cl- 140 81 14 8 233 35.3 193.58 199.47 217.9 106.39 0 - 100 0 - 1500

Fluoride mg/L F- <0.5 <0.5 <0.5 <0.5 <0.5 0 - 1 0 - 2

Magnesium Dissolved mg/L Mg 98 65 <10 14 136 46.6161 212.5086 < 10.0 155.2141 115.1977 0 - 30 0 - 500

Nitrate & Nitrite mg/L N 4.4 1.7 3.6 2.5 2.5 4.776 2.636 2.723 < 0.5 < 0.5 0 - 6 0 - 100

Orthophosphate** mg/L P <0.05 <0.05 <0.05 <0.05 <0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 NS NS

Potassium Dissolved mg/L K <10 <10 <10 <10 <10 0 - 50 NS

Sodium Dissolved mg/L Na 103 66 10 22 30 45.671 31.1976 199.7492 67.0489 21.1154 0 - 100 0 - 2000

Sulphate mg/L SO4 463 230 <5.0 16 844 56.68 1392.16 118.25 1091.23 686.13 0 - 200 0 - 1000

Zinc Dissolved mg/L Zn <0.10 <0.10 0.25 <0.10 <0.10 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 0 - 3 0 - 20

Aluminium Dissolved mg/L Al <0.10 <0.10 <0.10 <0.10 0.34 < 0.1 < 0.1 0.2277 < 0.1 < 0.1 0 - 0.15 0 - 5

Boron Dissolved mg/L B < 0.3 < 0.3 < 0.3 < 0.3 < 0.3 NS 0 - 5

Chromium Dissolved mg/L Cr 0 - 0.05 0 - 1

Copper Dissolved mg/L Cu <0.20 <0.20 <0.20 <0.20 <0.20 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 0 - 1 0 - 0.5

Cyanide WAD - CFA** mg/L CN <0.02 <0.02 <0.02 0.02 <0.02 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02< 0.2 (SANS 241-1: Acute limit) NS

Iron Dissolved mg/L Fe <0.20 <0.20 <0.20 0.29 0.78 0.1 - 0.3 0 - 10

Lead Dissolved mg/L Pb <0.050 <0.050 <0.050 <0.050 <0.050 < 0.05 < 0.05 < 0.05 < 0.05 < 0.05 < 0.01 0 - 0.1

Manganese Dissolved mg/L Mn <0.10 <0.10 <0.10 0.2 0.76 < 0.1 < 0.1 0.1199 1.3431 0.8985 0 - 0.05 0 - 10

DWAF  1996 

Stock Watering 

Use – TWQR

* < Below Detection Limit; NA - No Data/Not Analysed/No Standard; n/s - No Standard; Green -Above 1996 DWAF Ideal Values; Orange - Above 1996 DWAF Livestock Watering Ideal Values; White - Does not surpass compared 

guideline limit; IS: insufficient sample to complete analysis

Chemical - Micro Determinands

Chemical - Macro Determinands

DWAF  1996 

Domestic Use – 

TWQR
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Figure 9-4:  Kareerand TSF – Al, NH3, Fe, Mg, pH trend graphs for boreholes BH13, BH15 and BH16 
 

DWAF 1996 Domestic Use 
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10 SURFACE WATER QUALITY 

10.1 Vaal River 

Water quality data for the Vaal River is presented by means of a sulfate time graphs for the 

different monitoring sites.  Figure 10-1 supplies an overview of the geographical localities of 

the different Vaal River water quality monitoring sites. It can be seen that sample sites VRS63 

and VRS23 represent the upstream and downstream sites for the Kareerand TSF area.  VRS03 

represents the downstream site for the total area and is situated at the Orkney Bridge.  The 

“total area” covers the area where tailings material will be mined from old TSFs located 

within the general area. 

Figure 10-2 shows the sulfate time graph for all sites for the past four (4) years and Figure 

10-3 shows the past four (4) years of sulfate trend data for the sites up- and downstream of 

Kareerand TSF. The up- and downstream sulfate concentrations fluctuate with seasonal 

rainfall but the results are generally similar. Elevated sulfate concentrations were measured 

in Oct/Nov for the period each year. These might be attributed to operational system issues 

experienced during storm events and seepage into the non-perennial drainage path running 

from the south western corner of the TSF to the Vaal River.   

Between the upstream and downstream sampling points of the Vaal, the Renoster River, a 

tributary of the Vaal River, feeds into the system from the south. The water quality of the 

Renoster River may therefore affect the downstream water quality of the Vaal as it flows into 

the system from the south between the existing upstream and down stream sample sites.  

It might be required to refine the resolution of the sampling sites going forward by adding 

two sampling sites to enable more precise up-and downstream monitoring of the Vaal River, 

excluding the impact of the tributary (refer to the two red circles on the map below for the 

proposed areas for additional Vaal River water monitoring).  The feasibility of adding the two 

additional monitoring points will require further investigation and confirmation.   

It is inferred from the hydrochemistry data that no/negligible poor-quality diffuse 

groundwater seepage is currently into the Vaal River via the surrounding aquifer occurring. 
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Figure 10-1:  Surface Water Monitoring Sites 
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Figure 10-2:  Sulfate time graph for the Vaal River monitoring sites 



Mine Waste Solutions    Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 53 

 
Figure 10-3:  Sulfate time graph for the upstream (VRS63), Kareerand downstream sites (VRS23) 
 



Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 54 

10.2 Site Surface Water quality data 

The effect of the TSF on the small non-perennial stream, flowing towards the Vaal River, is currently 

monitored at the locations presented in Figure 10-1 and Table 10-1. The sulfate trend graph (Figure 10-4) 

indicates high sulfate concentrations in the system because of seepage and surface flows from the TSF 

area. The increasing trend towards 2019 is due to very low to dry conditions, which results in stagnant 

pools and accumulation of salts due to evaporation.    

Table 10-1:  Kareerand TSF surface water sample descriptions 

ID Description 
Surf X (Cape 
LO27 

Surf Y Cape 
LO27 

KM08 Return water canal before Return water dam  
-11772.20 -2976066.63 

KM09 Vlei area at dam wall, south west of TSF complex  
-12134.68 -2976504.12 

KM10 Seepage on Western side of Kareerand  
-11638.40 -2974739.02 

KM12 Marsh area south of BH16 
-11444.24 -2976662.87 

KM13 Lower dam  
-12172.25 -2976837.76 

KM15 Stream at Game Park fence before Vaal River 
-12997.81 -2978271.02 

 

 
Figure 10-4:  Sulfate time graph for the site specific surface water monitoring sites  
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11 TSF SEEPAGE ASSESSMENT 

To estimate the groundwater seepage component, it is important to understand: 

• The water balance dynamics of the Kareerand TSF, 

• Tailings material characteristics, 

• Foundation geology, and 

• Effectiveness of the return water system and TSF construction, i.e. under drains, toe drains, pool 

decant, etc. 

Please refer to Appendix G – Seepage Model Data applied. The initial water balance conducted to 

determine potential seepage rates indicated seepage losses in the order of 10%. 

From the water balance it can be concluded that: 

• Seepage during the initial 5 years (2011 – 2015) of tailings deposition at the Kareerand TSF was 

at its maximum. This can mainly be attributed to the bare soils, excavation of topsoil for 

construction of the perimeter wall and uncontrolled pond development during the initial stages.  

Refer to Figure 11-1 below for photos taken in July 2011 of initial deposition. 

• Seepage measured from 2015 to 2019 was much higher in comparison to seepage calculations 

and predictions made during the design and scoping phases between 2008 and 2010.   

• For the purpose of this assessment, a seepage range of 6000 m3/day to 8000 m3/day will be 

applied for the combined facility. It is apparent that the summer imbalance is fairly high and 

pool management must be improved by draining water from the TSF pool more effectively 

and optimizing return water volumes. 

• The extension will have limited seepage rates due to the proposed Class C Barrier System (Table 

11-1). 

• Seepage from the current Kareerand TSF will remain high and when the extension is 

operational, the majority of seepage (~ 95%) will still be produced by the existing Kareerand 

TSF.   

Table 11-1:  Seepage prediction at closure for the extension with Class C Barrier system installed 

Geosynthetic liner leakage scenario 
Leakage through 355 ha geosynthetic liner  

(1st order estimate)  

Scenario 
Leakage rate 

(l/ha/d) 
m3/d mm/yr 

% MAP 
(MAP of 602 mm/yr) 

Perfect liner 15 5.3 0.55 0.09 

10 x perfect liner 150 53 5.5 0.9 

100 x perfect liner – Poor 
construction assurance 

1500 530 55 9.0 
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Figure 11-1: Photos of eastern initial deposition at Kareerand, taken 29 July 2011. 
 

• The existing TSF compartment will have a final design height of 122m which is 40m higher 

than the original design of 80m. Seepage calculations were undertaken by Knight Piesold 

(KP) in March 2020 to determine the difference in seepage between an 80m high facility and a 

122m high facility. The analysis was conducted using Geostudio’s SEEP/W and SLOPE/W (2018 

R2) tools, 2D limit equilibrium slope stability and seepage finite element analysis programs.    

o The seepage analysis was conducted across two sections of the facility as shown in 

Figure 11-2: a North-South section and an East-West section. The estimated seepage 

volumes were calculated for the following two cases: 

▪ The current design height of the facility = ± 1,390 mamsl (± 80 m above 

lowest point) 

▪ Anticipated future expansion height = 1,432 mamsl (± 122 m above lowest 

point) 

 

Figure 11-2: Sections modelled 
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Table 11-2 presents the material parameters used in the seepage analysis. The North-South section has 

two different residual soil layers. The Residual Material 1 layer has a permeability ten times higher than 

the Residual Material 2 layer. This was done in order to observe the seepage through the facility with 

different material permeabilities. 

Table 11-2:  Material parameters used in seepage analyses (KP, 2020) 

 

The results of the seepage modelling can be summarised as follows: 

• Expected maximum seepage through dam basin = 1.3 x 10-3 m3/day/m2 x 5 million m2 = ± 6,500 

m3/day. 

• Across the East-West section - the additional height increase (± 40 m) results in a maximum 

seepage difference of less than 1 x 10-9 m3/sec/m2 across the dam drains. This is an insignificant 

increase which does not increase the flow through the dam basin. 

• Therefore, the 40 m height increase does not have a major influence on the seepage rate through 

the facility. However, it may result in a longer dissipation time of the phreatic surface. 

The Water Balance presented within the KP (Knight Piesold) 2019 design report indicates the following: 

• Approximately 64% and 60% of the water deposited onto the TSF will be returned to the plant 

between 2018 – 2021 and 2022 – 2042 respectively. 

• On average about 40 000 – 55 000 m3/day of make –up water will be required. The variance will 

depend on the season (wet or dry). 

• The estimated water losses are as follows: 

o Interstitial storage 31%; 

o Evaporation 2.8 - 17%; and 

o Seepage 6.6 - 19%. 
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According to Van Zyl, 2019, the seepage volumes were predicted for three stages of flow conditions in 

the TSF following decommissioning of tailings disposal, as follows: 

• Closure phase- where the phreatic surface has developed to its maximum elevation in the TSF at 

decommissioning of tailings disposal. The phreatic surface of the closure phase was used for the 

initial conditions (year 0) for simulating post closure seepage. 

• Initial post-closure stage- characterised by declining seepage volumes as the phreatic surface 

recedes during the initial period after decommissioning of tailings disposal. 

• Final post-closure stage- where seepage volumes are determined by climate equilibrated 

unsaturated flow conditions after the phreatic surface has receded in the facility. 

The phreatic surfaces and seepage volumes for the closure phase were predicted from: 

• Kareerand TSF dimensions, with both the proposed extension and current facility at final height; 

• Proposed seepage mitigation measures and the location thereof; 

• Location and area of the supernatant pool at closure, based on information provided by Knight 

Piésold; 

• Areas of the inner- and outer beach sections and wall section; 

• Material hydraulic properties of the tailings at the various facility sections, the compacted clay 

liner and receiving vadose zone; and 

• Net infiltration rates for the inner- and outer beach sections and wall sections. The net 

infiltration rates were based on the rates predicted for the Kareerand facility as a function of: 

o Site precipitation, rainfall distribution and climatic conditions, 

o Material hydraulic properties of the tailings at the inner- and outer beach sections and 

wall, and 

o Duration of tailings disposal at a point, and the time that will pass before tailings will be 

disposed at the same location (van Zyl, 2016). 

The numerical flow models developed for the closure phase were used to predict a time series of 

declining seepage volumes for a receding phreatic surface until climatic equilibrated rates are reached 

after the phreatic surface has receded. Initial conditions were based on the closure phase analysis. 

The dissipation time for the seepage to decline within the current facility was modelled in 2017 for site 

closure purposes (Appendix G) for the existing TSF. The time to decrease seepage from 6000m3/day to 

<1000m3/day will be in the order of 35 years, and below 500 m3/day, around 50 to 60 years. It is expected 

that the additional height may increase the dissipation time to some extent.  The following should be 

considered: 
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• The effect of increasing concurrently rehabilitated areas on the wall with a soil cover that limit 

water ingress could significantly increase the probability for seepage volumes to be constant or 

decrease with increasing facility height. 

• The decline in seepage volumes during the post closure phase and the duration thereof to reach 

climate equilibrated seepage rates (seepage rates are in equilibrium with water ingress rates at 

the surface) are mainly determined by: 

o Shape (spatially distribution in the height) of the phreatic surface at decommissioning of 

tailings disposal, which represents the initial conditions of the post-decommissioning and 

post-closure phases of the facility; 

o Dissipation rate of the phreatic surface, which is mainly determined by the interaction 

between: 

▪ Water ingress at the (rehabilitated) facility surface, 

▪ Head dissipation of the phreatic surface in the groundwater, which is mainly 

determined by the: 

• Reduction in the hydraulic gradient in the groundwater at the immediate 

surrounds of the facility, 

• Rate of lateral flow that the vadose zone and groundwater below and 

immediate surrounds of the facility can accommodate; 

▪ Head dissipation at the surrounds of the drain systems. 

Conceptually, the dissipation of the phreatic surface and associated reduction in seepage volumes could 

take 1.5 times longer for the 122 m high facility compared to the 80 m facility based on the following 

key assumptions: 

• A 1.5 times increase in the height of the phreatic surface at decommissioning of tailings disposal 

(representing initial conditions), which relates to the increase facility height. This is a 

conservative assumption as the phreatic surface at the beach and (inner) wall section would 

increase less than 1.5 times even-though it increases 1.5 times at the pool; 

• Other factors are constant. This is a fair assumption, except for the hydraulic gradient in the 

groundwater that might be higher for the 122 m high facility. However, this should be confirmed 

with seepage modelling and if the effect thereof is significant. 
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Seepage rates at the lined section will be minimal and the phreatic surface will not be shared through 

the lined and unlined sections during operational time. According the latest feasibility design (KP, Oct 

2019), each facility (current and expansion) will have its own pool during operations (TSFs will be 

operated as two independent tailings dams).  The implementation of a liner between the old and the 

new facility will overcome cross seepage from the new to the old and vice versa (refer to Figure 11-3. 

The aim will be to consolidate the two dams at closure and operate a single central pool.    

The dissipation time within the lined section will be faster than the unlined section if it is assumed that 

the underdrains will be effective after closure within the lined facility.   

To increase the slope stability and manage seepage, a seepage control system at the 80m level must be 

considered, which will accelerate the dissipation of excess pore water stresses and lower the phreatic 

surface in the existing TSF between 80 and 122m. This aspect of potentially managing the dissipation 

time and the resulting time of seepage will require more consideration. 

 

 

Figure 11-3:  Proposed clay barrier on western wall of existing TSF (KP 2020) 
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12 GEOCHEMISTRY 

The geochemical composition of the final tailings material will determine the degree of possible 

contaminant leachate and possible groundwater pollution.  It must be noted that gold/uranium tailings 

storage facilities (TSFs) in South Africa usually contain a certain degree of sulphur material which is part 

of the Witwatersrand Formation gold reefs that are mined.  Some of the TSFs contain more sulphur when 

comparing to others due to the lower extraction ratios and metallurgical processes involved at the time 

of deposition.  It is therefore important to gain a complete understanding of the geochemical composition 

of the proposed tailings material that will be deposited during the development of the Kareerand TSF.  

The following were investigated: 

• The sulphur content of the TSFs that will be reclaimed; 

• The geochemical composition and Acid Base Accounting (ABA) of samples obtained from the 

current Kareerand TSF; 

• Geochemical modeling and closure scenarios; 

Appendix H contains the data applied and the following summaries the findings: 

• Tailings dam water in the inner saturated part will not be acidic and will have a low SO4 

concentration.  

• The SO4 concentration in the inner saturated part will mostly be determined by gypsum saturation 

at about 1 700 - 2 200 mg/l. Near-neutral seepage from the inner saturated part will only have 

marginally elevated concentrations of the following metals: Co, Mn, Ni, and U. 

• The oxic zone is only a few meters deep (5 - 10 m) but due to transport, the whole outer rim of 

the TSF will become acidic with a higher dissolved solids zone. It is also important to note that 

the outer rims are usually characterised by a courser material (as a result of the cyclone 

deposition method applied) and increased oxidation. The SO4 concentration in the outer rim will 

increase from about 1 700 mg/l after closure to roughly about 2 700 mg/l after 20 years and 4000 

mg/l after 60 years (if oxygen ingress is at its highest). This aspect will be important for TSF 

rehabilitation.  

• Several metals will be elevated in the interstitial water of the oxic zone in the outer rim which 

will include Al, Co, Cr, Cu, Mn, Ni, Pb, Se, U and Zn. 

In summary, the objective for final rehabilitation will be to manage oxidation and water ingress on the 

side slopes and a bigger area on top of the TSF wall/beach area. 
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13 NUMERICAL GROUNDWATER MODEL 

13.1 Introduction 

The purpose of the following section is to combine all the available hydrogeological data into a 

mathematical platform where the knowledge of the system is utilised to numerically simulate typical 

effects of tailings storage conditions on groundwater flow and quality, as well as identify knowledge gaps 

and areas of uncertainty. The model provides important insight on how the Kareerand aquifer currently 

reacts and how it might react when future TSF expansion is implemented.   

The model provides an estimate of the mass transport and associated impact on the aquifer and Vaal 

River. Furthermore, the model assists with the feasibility assessment of possible interception and 

intervention methodologies, i.e. boreholes to intercept sulfate plumes. 

Appendix I – Numerical Groundwater Model Setup, supplies a detailed overview of the numerical 

groundwater model setup.  The transient state model is used for future predictions under different flow 

and intervention scenarios. 

It is important to note that the numerical groundwater model would require future update as more data 

becomes available. Specifically, monitoring data regarding the system behavior, due to head 

fluctuations/increase and influences on the boundaries, would improve the prediction capability of the 

model. 

13.2 Model Assumptions 

The following assumptions were applied: 

• The baseline model was calibrated to average groundwater elevations from groundwater 

monitoring boreholes drilled during the initial assessments in 2008 and represents baseline pre-

deposition levels. 

• The baseline model was successfully calibrated by iteratively adjusting hydraulic conductivity 

and groundwater recharge values until a suitable match between observed and simulated 

conditions was achieved. 

• The simulated baseline water table generally mimics the surface topography with groundwater 

elevations ranging from 1 350 mamsl in the higher elevation region in the north to 1280 mamsl 

along the Vaal River basin. 

• Although numerous aquifer tests have been completed, aquifer properties for the different 

geological units were averaged for the preliminary numerical applications as per the discussion 

above. 
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• It is assumed that the aquifer is a continuous unit between interception boreholes and 

sources/sinks and that no compartmentalization exits within the identified aquifer zones apart 

from lower and higher hydraulic conductivity zones. 

• For the river risk assessment, the model was applied to obtain typical shallow groundwater flow 

parameters along the river boundary cells. These values were obtained from the model’s zone 

budget function and presented as flow (m3/day). It is important to note that these values were 

not calibrated with real river flow on a micro scale and riverbank baseflow was not measured in 

the field. 

13.3 Sulfate Mass Transport Simulation 

The MODFLOW numerical groundwater model was applied, and a mass transport model was developed to 

show the potential spread of the sulfate plume in the shallow aquifer system. The MT3DMS mass transport 

engine, a modular three-dimensional multispecies transport model for simulation of advection, dispersion 

and chemical reactions of contaminants in groundwater systems, was applied.  

13.3.1 Sulfate input parameters  

Recharge boundary conditions were applied for the existing Kareerand TSF as well as for the proposed 

expansion TSF in accordance with available seepage modelling data discussed previously and presented 

in Appendix G.   

Recharge concentrations were applied to the recharge cells in line with data from seepage analyses, 

monitoring boreholes and the geochemical modelling (Appendix H). Two sets of data were considered: 

the initial 2013 geochemical assessment and the follow up 2019 geochemical model under different TSF 

cover design conditions. There are therefore two different scenarios, the first representing the worst-

case scenario with no mitigation, and the second representing conditions under reduced oxidation due 

to cover design applications.   

The following were considered: 

• According the geochemical data (Geostratum 2013), pyrite oxidation will only take place in the 

oxic zone (outer 5 to 11 m) and the interstitial water in the upper part of the unsaturated zone 

will have a much higher SO4 concentration than the saturated water deeper in the facility. 

• The geochemical model results are summarized in Table 13-1 and Table 13-2 below and these 

values represent a worst-case scenario with no rehabilitation and assumption that the oxic zone 

will increase over time. 
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• Overall, seepage over the largest part of the footprint (the central part) will be close to gypsum 

saturation at 1 700 - 2 200 mg/l. This part will not be acidic and will decrease in size over time. 

Over time the top meter of the dump will experience a slight decrease in SO4 concentration as 

it is leached by infiltrating water. However, deeper down the outer rim of the tailings dam will 

have a higher SO4 concentration that will range between 1 700 - 4 000 mg/l over time. Water in 

this part will also be acidic. 

Table 13-1:  Estimated water quality in the oxidized zone 

Year pH SO4 TDS 

20 4.5 -7.0 1700 2500 

60 2.0 -7.0 2000 - 3500 3000 - 5100 

100 2.0 -7.0 2000 - 4500 3000 - 6500 

200 2.0 -7.0 700 - 5000 1100 - 7200 

 

Table 13-2: Estimated seepage quality from the deeper unoxidized material 

Model Year pH TDS SO4 Ca Mg Na K Cl 

Tailings 
Dam 

0 - 200 6 - 7 
2500 - 
4500 

1500 -
2500 

500-
1000 

100-300 
250-
1000 

20 - 40 
500-
2000 

 

• The tailings will consist of a solid, water and gas phase. Without one of these phases, no acid-

mine drainage (AMD) is possible. The tailings material (solid phase) is the reactive part of the 

three phases and contains sulphide minerals that react spontaneously with oxygen and water; 

For the simulation and predictions of the sulfate plume, starting sulfate concentrations of 1700 mg/l for 

the inner TSF and 2200 to 2800 mg/l for the outer rim were applied.  This supplies a 1st order indication 

of plume transport for risk assessment.   

13.3.2 Dispersion rates 

Transport through a medium is mainly controlled by the following two processes: 

• Advection is the component of contaminant movement described by Darcy’s Law. If uniform flow 

at a velocity V takes place in the aquifer, Darcy’s Law calculates the distance (x) over which a 

labelled water particle migrates over a time period t, as x = Vt. 

• Hydrodynamic dispersion comprises two processes: 
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o Mechanical dispersion is the process whereby the initially close group of labelled 

particles are spread in a longitudinal as well as in a transverse direction because of the 

velocity distribution (as a result of varying microscopic streamlines) that develops at the 

microscopic level of flow around the grain particles of the porous medium. Although this 

spreading is both in the longitudinal and transversal direction of flow, it is primarily in 

the former direction. Very little spreading can be caused in the transversal direction by 

velocity variations alone. 

o Molecular diffusion mainly causes transversal spreading, by the random movement of the 

molecules in the fluid from higher contaminant concentrations to lower ones. It is thus 

clear that if V = 0, the contaminant is transported by molecular diffusion only- or in other 

words, the higher the velocity of the groundwater, the less the relative effect of 

molecular diffusion on the transportation of a labelled particle. 

In addition to advection, mechanical dispersion and molecular diffusion, several other phenomena may 

affect the concentration distribution of a contaminant as it moves through a medium. The contaminant 

may interact with the solid surface of the porous matrix in the form of adsorption of contaminant 

particles on the solid surface, deposition, solution of the solid matrix and ion exchange. All these 

phenomena cause changes in the concentration of a contaminant in a flowing fluid. 

The required input into the model includes: 

o Input concentrations of contaminants; 

o Aquifer parameters already applied in the flow model and a suitable and calibrated flow model; 

o Porosity values; 

o Longitudinal dispersivities; and 

o Transversal dispersivities. 

Transmissivities for the aquifer were specified according to the values obtained during the scenario of 

the steady state groundwater level calibration.  An initial longitudinal dispersivity value of 10 m was 

selected for the simulations (see Table D.3 – Field-Scale Dispersivities in Spitz and Moreno, 1996). Bear 

and Verruijt (1992) estimated the average transversal dispersivity to be 10 to 20 times smaller than the 

longitudinal dispersivity. An average value of 5 m was selected for this parameter during the simulations. 
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13.3.3 Calibration 

Figure 13-1 shows the correlation achieved between the observed sulfate concentrations and the model 

simulated concentrations. It can be seen from this graph that the normalised RMS (Root Mean Squared) 

value achieved is above the ideal 10% level, which is the industry norm. Figure 13-1 supplies the 

calibration graphs for two simulations where the seepage from the TSF during the 1st three (3) year period 

was slightly adjusted. 

The sulfate plumes are discussed in more detail within the Risk Assessment Section. 

Figure 13-2 and Figure 13-3 supply some of the transient state correlation graphs between the monitored 

sulfate concentrations and the model simulated values. A fair fit is achieved for the available time period. 

 

 
Figure 13-1:  Sulfate calibration achieved for two TSF seepage scenarios 
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Figure 13-2:  Transient fit for observed and modelled sulfate concentrations for monitoring 
borehole BH13 
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Figure 13-3:  Transient fit for observed and modelled sulfate concentrations for monitoring 
boreholes BH15, BH16 and BH21 
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14 HYDROGEOLOGICAL RISK ASSESSMENT AND MITIGATION 

It is evident from the existing monitoring and hydrogeological information that the current Kareerand 

TSF poses a significant risk to the regional groundwater environment and potentially to the Vaal River 

system. This section will discuss salt load risk by considering the Source-Pathway-Receiver principle (G4, 

DWAF 2008).   

The following general criteria apply: 

• The extension TSF compartment will be constructed with a Class C Barrier Lining System. The 

existing TSF will remain unlined. 

• Overall water management will be improved to reduce the accumulated and combined post 

closure risk that the current Kareerand TSF would have on the local and regional aquifer systems 

and ultimately the Vaal River. To achieve this goal, the capacity of the return water dams for 

the combined facility will be increased to drain water off more effectively from the TSF and to 

manage a small pool. The return water dams will all be lined facilities. 

• Available studies show that future demand in the Vaal River system will increase between 10 and 

35% between 2015 and 2030 and it is fair to assume that the percentage will increase further 

after 2030. The environmental risk and burden on the Upper and Middle Vaal River system will 

be significant and industry will be required to keep this in mind for any new developments and 

construction. This further contributes to the decision for the Class C liner for the extension. 

• The combined risk of both the current Kareerand TSF with the proposed extension will be 

assessed.   

• The original Kareerand TSF had a life of mine of 2025 and maximum height of 80m, this will be 

extended the life to 2042 and the height to 122m.  Essentially this means that the existing TSF 

will remain unlined and the extension lined.  

The following broad considerations were incorporated: 

1. Identification of most appropriate mitigation measures that can be implemented and what 

significance the mitigation will have on overall risk reduction. This includes mitigation measures 

in additional to the current proposed design of the extension (i.e. Class C Barrier System, lined 

pollution control and return water dams, under-drain systems, etc). 

2. How (if at all) the extension project can be used to reduce overall risk to the local aquifer 

systems. Construction of the TSF extension may allow for a better engineered system with overall 

seepage reduction of the current unlined Kareerand TSF. 
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3. The effect of re-mining of the regional old TSFs and consolidation of tailings material to one 

point (Kareerand TSF) on the regional salt load into the Vaal River System. This considers the 

removal of approximately 2000+ha of tailings within the Klerksdorp/Stilfontein/Orkney region. 

The following sub-sections provide an overview of the risk assessment for the construction, operational, 

decommissioning and post-closure phases of the TSF extension. Activities that will affect the 

hydrogeological component of the site are listed below for each phase.  

The assessment of potential impacts has been addressed in a standard manner so that a wide range of 

impacts are comparable. The methodology utilised is from the South African Department of 

Environmental Affairs and Tourism guideline document on EIA Regulations (April 1998). The descriptive 

evaluation method will be used to determine the significance of the impacts and is attached in Appendix 

J:  Environmental Impact Significance Rating Methodology. 

14.1 Construction Phase 

The construction phase involves the construction of the Kareerand TSF Expansion compartment as well 

as the associated water management infrastructure. Deposition of the initial tailings, which may be part 

of the construction phase, is regarded as operational phase for discussion purposes. A Class C Barrier 

system will be constructed, and minimum seepage will occur to the underlying aquifer system (Refer to 

Section 7 of this report). 

• During the initial site construction, no significant groundwater impacts will occur.   

• Oils and lubricants from construction vehicles might pose a short-term risk if not handled 

appropriately. 

• Vegetation clearance, topsoil stripping and stockpiling will occur during the construction phase.  

• The overall civil works scoping can be viewed from the Knight Piesold, April 2019 Scope of Work 

Report.  

• Ancillary and temporary infrastructure will include a contractors’ camp with ablution facilities, 

workshops and pipe/contractors’ yard. 

 

14.1.1 Groundwater Quality  

The existing Kareerand TSF has been in operation for approximately eight (8) years. Groundwater quality 

monitoring confirms that contaminant seepage (predominantly sulfate) from the existing TSF is generally 

migrating in a southerly direction and, to a lesser degree, easterly direction. Sulfate was selected for 

the mass transport model because it is regarded as a conservative element and the main indicator for 

the TSF seepage chemical characteristics. 
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The sulfate plume depicted in Figure 14-1 (2019/ 2020 period) represents the existing zone of impact. 

The majority of sulfate migration is in the upper layer (20 to 30m) within the weathered diabase and in 

contact with the bedrock layer.  

For presentation purposes, the 200 mg/l and 1000 mg/l sulfate zones are indicated, which represent the 

1996 Department of Water Affairs and Forestry (DWAF, now DWS) Target Water Quality Range for 

Domestic Use and Livestock Watering, respectively. 

The Kareerand TSF Expansion Compartment, as discussed previously in this report, is planned to be joined 

onto the existing Kareerand TSF on its western side. No additional sulfate migration is expected during 

the construction phase. The impact/risk rating table, as presented in Table 14-1, is only focused on the 

construction of the proposed expansion.   

The impact and risk rating of the existing TSF will be discussed under the “operational phase” below. 

14.1.2 Groundwater levels 

The elevated groundwater levels that are a result of seepage from the existing Kareerand TSF will have 

an impact on construction of the extension and the return water dams and excavation of borrow material. 

Elevated and purged groundwater levels occur along the western perimeter of the existing TSF and are 

mainly associated with the alluvial deposits in this area. 

It is foreseen that the current interception boreholes can be utilised as de-watering boreholes during the 

construction phase. 

14.1.3 Construction Phase Groundwater Management Plan 

• All monitoring boreholes which are to be covered with tailings, or are not operational, should be 

grouted and sealed to prevent cross contamination of aquifers; 

• Construction waste needs to be discarded in dedicated waste bins and containers (machinery, 

piping, liner material, etc); 

• Establishment of good waste management practices on site, i.e. recycling, separation and 

storage of hazardous waste at suitable lined/bunded areas. Spills cleaned up immediately 

according to standard operating procedures (machinery and oils);  

• If applicable, the appropriate authorities should be notified in the event of a spill (tailings from 

current operations, oils, etc); and 

• Continue with the current water monitoring program. 
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Figure 14-1:  Current 2018/2019 sulfate plume delineation for the Kareerand area – layer 1  
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Table 14-1:  Impacts on groundwater during the Construction Phase (Current Kareerand TSF in Operational Phase) 

POTENTIAL 
ENVIRONMENTAL 

IMPACT 
ACTIVITY 

ENVIRONMENTAL 
SIGNIFICANCE 

BEFORE MITIGATION 
RECOMMENDED 

MITIGATION 
MEASURES 

ENVIRONMENTAL 
SIGNIFICANCE  

AFTER MITIGATION 

ACTION PLAN FREQUENCY 
RESPONSIBL
E PERSON 

M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP M D S P 
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O
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L
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T

A
T

U
S
 

SP 

CONSTRUCTION PHASE ACTIVITIES:  INFRASTRUCTURE AND TSF Expansion 

GROUNDWATER 

Decreased 
groundwater 
quality and 
quantity  

Vegetation 
clearance, 

topsoil stripping 
and stockpiling 

2 2 1 3 15 - L 

•Limit the vegetation 
clearance and topsoil 
stripping to the 
smallest area possible 

2 2 1 3 15 - L 

Prepare detailed 
clearance and 
construction 
schedules. 

Prior to 
construction 

phase 

Env 
Officer/Cont

ractor 

Groundwater 
quality 
deterioration 

Construction 
material and 

waste handling 
2 2 1 4 20 - L 

•Construction waste 
needs to be discarded 
at prescribed areas 
(machinery and oils); 
• Spills cleaned up 
immediately according 
to standard operating 
procedures 
(machinery and oils); 
and 
• If applicable, the 
appropriate 
authorities should be 
notified in the event 
of a spill (tailings from 
current operations, 
oils, etc) 

2 1 1 4 16 - L 

Provide 
appropriate waste 
skips for different 
types of waste in a 
designated area. 

Prior to 
construction 

Env 
Officer/Cont

ractor 

Ensure regular 
removal of waste 
by an external 
accredited 
installer. 

Daily or 
weekly during 
construction 

phase 

Environment
al Officer 

Provide spill kits. 
During 

construction 
Contractor 

Monitoring of 
remediated areas. 

Weekly, 
minimum of 
four weeks 

after spillage 

Environment
al Officer 

Inform the relevant 
authorities. 

Immediately 
after a spill 

Environment
al Officer 
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14.2 Operational Phase 

Tailings material and effluent from MWS’ Processing Plant will be deposited in an engineered, 

controlled manner and the Kareerand TSF extension Class C Barrier system will prevent seepage into 

the underlying aquifer system. The majority of seepage will likely be generated by the existing 

Kareerand compartment which is unlined. The following operational actions will be applied: 

• Pond management and overall storm water management. 

• Management of the pollution control dam (PCD). 

• Concurrent side wall rehabilitation. 

• Concurrent groundwater interception and re-use. 

The operational dynamics can be viewed from the latest design report (Knight Piesold , March 

2019). 

14.2.1 Groundwater Quality  

The life of mine for the Kareerand TSF is 2042. This allows sufficient time for chemical reactions to 

take place in the tailings facility to produce AMD conditions, as can be seen from the existing water 

monitoring data. Groundwater flow will be directed away from the TSF due to the head build-up 

within the TSF. 

To demonstrate the risk assessment, two basic scenarios were considered: 

• Class C Liner for extension with pool management but no groundwater interception, and 

• Class C liner for extension with pool management and groundwater interception. 

Refer to Figure 14-2 for the predicted sulfate at the end of the operational life (2042) for the scenario 

where no groundwater interception measures were applied. The impact rating before mitigation is 

presented in Table 14-3.  Figure 14-2 indicates that the sulfate plume has the potential to reach 

the Vaal River, both south and east of the TSF, within the operational phase of the TSF.   

14.2.2 Groundwater Mitigation and Groundwater Management  

As mentioned in the previous section, the extension portion of the TSF will be constructed with a 

Class C Barrier lining system, advanced underdrain and decant system and the lined return water 

dams will be expanded to allow for maximum water decant from the pool on top of the TSF. The 

following basic groundwater management requirements will be applicable during the operational 

phase: 

• A series of interception boreholes south, south west, south east and north east of the existing 

Kareerand TSF were constructed during the 1st quarter of 2019 (Figure 14-3). The objective 

of these boreholes is to intercept in the order 6000 to 10 000 m3/day during the operational 

phase and to monitor the situation to determine gaps and changes required.  
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• Refer to Table 14-2 for the list of current and planned sulfate interception boreholes. 

• The objective is to develop a lower head boundary buffer at the critical flow paths to prevent 

sulfate migration and to intercept the plume. 

• Concurrent side wall rehabilitation and cover. 

• Other groundwater mitigation actions that needs to be assessed for feasibility include: 

o Improve under-drain interception at the existing Kareerand TSF, 

o Temporary horizontal drains at high seepage zones, 

o Plantation of tree blocks in high seepage zones south of the TSF. A trial site was 

planted in 2019 and is being monitored by MWS, 

o Enhancement of rainfall recharge to dilute salt accumulation areas and encourage 

wetland development, and 

o Biological treatment of sulfate water. A trial project was initiated by MWS in late 

2019 and iWater was appointed to undertake the pre-feasibility assessment.  The 

outcome of the pre-feasibility work will be available in May 2020. 

• Practical management and assessment steps should include: 

o Static groundwater levels and water quality should be monitored to ensure that any 

deviation of the groundwater flow and quality from the idealised predictions is 

detected in time; 

o The monitoring results must be interpreted quarterly at a basic level and annually at 

a more comprehensive level by a qualified hydrogeologist and the monitoring network 

audited annually as well to ensure compliance with regulations; 

o A closure water management plan should be developed and annually adjusted where 

necessary. This should assess the management of decant via channelled decant or 

the management of a critical water level to minimise contamination of the shallow 

weathered aquifer. This should all be analysed in a financial model to further inform 

the most effective closure water management options. The groundwater model 

should be used as a management tool to inform this process. 

o The numerical model should be updated annually initially by using the water 

monitoring data to re-calibrate and refine the impact prediction scenario.  The time 

intervals of the numerical groundwater model will be investigated and the intervals 

extended to 3 year periods. 

o It is recommended that the geochemical assessment and seepage assessments are 

updated every three to five years in order to calibrate and validate their results and 

to construct an effective closure plan. 
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o All monitoring boreholes which are to be covered with tailings, or are not 

operational, should be grouted and sealed to prevent cross contamination of 

aquifers. 

o It is recommended that the hydrocensus be updated at least every three (3) years to 

ensure that all neighbouring groundwater uses are understood. At the moment some 

of the hydrocensus boreholes are already included in the monitoring program. 

 

14.2.2.1 Other Groundwater Mitigation Options considered 
 
Other mitigation options were considered during the initial pre-feasibility assessment and include: 

• Source Control: Implementation of sulfate floatation by means of introduction of an acid 

plant in the metallurgical process. This option was found to be economically unfeasible. 

• Pathway Control: Development of a grout wall along the high flow areas. This option was 

found to be unfeasible due to the high fracturing within the upper bedrock profile. This option 

would also require a de-watering system up-gradient. Therefore, it was found to be both 

economically and environmentally unfeasible. 

14.2.3 Site Water Management 

• A proper storm water management plan should be implemented and maintained. Typically, 

cut-off berms are constructed to ensure separation of clean water and dirty water areas. 

• The proposed storm water and return water system must be implemented, maintained and 

adjusted where necessary. 

• Poor quality runoff from dirty areas should be contained and diverted to the pollution control 

dams for re-use. 

 

14.2.4 Application of Operational Mitigation and Sulfate Plume Prediction 

The impact rating after mitigation is presented in Table 14-3. 

The current groundwater interception boreholes and additional required areas for interception can 

be seen in Figure 14-3. 

The predicted zone of sulfate migration during the mine closure period (2042) is presented in Figure 

14-4. 

The model indicates that the sulfate plume at the time of mine closure will not reach the Vaal River 

if the required mitigation measures are applied and no external farm boreholes will be impacted on.   
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The proposed groundwater interception system for the existing Kareerand TSF, as well as concurrent 

side wall rehabilitation and the proposed Class C lining system for the extension, appears to be a 

successful groundwater mitigation measure, restricting the sulfate plume to the area immediately 

around the TSF. The mitigation system will require intensive monitoring to ensure it operates 

according to expectations and the system will require continuous maintenance and adjustments. 

Seepage from the proposed expansion contributes between 0 and 5% of the total seepage of the 

proposed long term operational seepage. The majority of the seepage (~95%) will be from the existing 

Kareerand TSF. 
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Figure 14-2:  Sulfate plume prediction for life of facility (2042), NO mitigation 
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Figure 14-3:  Current interception boreholes and future additional requirements 



Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 80 

Table 14-2:  Current and planned sulfate interception boreholes to be included in the IWULA 

 
 

No BH Name X Cape LO27 Y Cape LO27 Z (mamsl) Description WL 
Depth 

(mbgl))

Water Strike 

(mbgl)

 Pump Rate 

Proposed 

(l/sec) 

 Pump Rate 

Proposed 

(m3/day) 

 Pump Rate 

Proposed 

(m3/annum) 

Comments

1 BH25 2974485.90 11559.94 1320.11 West 0 18 16 0.56 48 17520 exclude at expansion construction

2 BH26 2973981.58 11408.38 1322.99 North West Corner 0 22 17 0.56 48 17520 exclude at expansion construction

3 BH27 2973847.68 11355.34 1323.89 North West Corner 0 24 18 0.56 48 17520 exclude at expansion construction

4 BH28 2973675.67 11190.15 1324.86 North West Corner 0 24 17 1.67 144 52560 exclude at expansion construction

5 BH30 2974558.30 9407.73 1328.96 North East Corner 1.86 20 10 0.28 24 8760

6 BH31 2974467.70 9479.14 1328.12 North East Corner 1.35 12 6 0.83 72 26280

7 BH32 2976363.97 9909.76 1325.76 South East Corner 5.67 18 12 2.78 240 87600

8 BH33 2976168.87 9780.36 1328.02 South East Corner 8.18 30 19 1.67 144 52560

9 BH34 2975884.85 9688.19 1331.45 South East Corner 5.29 24 22 5.56 480 175200

10 BH35 2976580.38 10596.36 1319.78 South East Corner 0.82 18 13 1.67 144 52560

11 BH36 2976499.48 10071.80 1324.07 South East Corner 4.67 24 21 5.56 480 175200

12 BH59 2976578.25 10744.89 South 1.79 24 7 2.00 173 63072

13 BH60 2976565.60 10837.64 South 25 7 6.00 518 189216

14 BH61 2976542.10 11036.11 South 0.1 25 5 5.00 432 157680

15 BH62 2976540.29 11106.60 South 0 25 3 6.00 518 189216

16 BH63 2976592.77 11246.35 South 0.32 15 6 6.00 518 189216

17 BH64 2976601.98 11391.37 South 0.57 24 4 7.00 605 220752

18 BH65 2976749.39 11214.82 South 2.55 25 7 5.00 432 157680

19 BH66 2976681.83 11492.26 South 0.94 24 4 6.00 518 189216

20 BH67 2976764.75 11753.94 South 0 25 2 5.00 432 157680

21 BH68 2976848.41 11876.33 South 0.4 25 7 8.00 691 252288

22 BH69 2975803.73 11991.20 South 0.4 22 5 5.00 432 157680

23 BH70 2976502.32 11418.22 South 0.92 21 7 5.00 432 157680

24 BH71 2976306.23 9769.63 South 7.25 31 14 2.00 173 63072

25 BH74 2974416.99 9171.89 NE TBC 28 18 2.00 173 63072

26 BH75 2974070.14 8906.58 North east TBC 25 TBC 1.50 130 47304 Planned

27 BH76 2974284.34 8862.62 North east TBC 25 TBC 1.50 130 47304 Planned

28 BH77 2974455.71 8811.34 North east TBC 25 TBC 1.50 130 47304 Planned

29 BH78 2975640.98 9294.90 East TBC 25 TBC 1.50 130 47304 Planned

30 BH79 2975890.89 9280.24 East TBC 25 TBC 1.50 130 47304 Planned

31 BH80 2976019.42 9265.59 East TBC 25 TBC 1.50 130 47304 Planned

32 BH81 2976469.24 9360.84 South East TBC 25 TBC 1.50 130 47304 Planned

33 BH82 2976554.93 9522.03 South East TBC 25 TBC 1.50 130 47304 Planned

34 BH83 2976811.98 9800.43 South East TBC 25 TBC 1.50 130 47304 Planned

35 BH84 2976954.78 10364.59 South TBC 25 TBC 1.50 130 47304 Planned

36 BH85 2977247.53 12013.10 South TBC 25 TBC 3.00 259 94608 Planned

37 BH86 2976233.62 12042.41 South West TBC 25 TBC 3.00 259 94608 Planned

38 BH87 2976012.27 12005.77 South West TBC 25 TBC 3.00 259 94608 Planned

39 BH88 2977383.19 12364.78 South TBC 25 TBC 3.00 259 94608 Planned

10253 3742272



Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 81 

 
Figure 14-4:  Sulfate plume prediction for life of facility (2042), WITH mitigation 
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Table 14-3:  Impacts on groundwater during Operational Phase 

POTENTIAL 
ENVIRONMENTAL 

IMPACT 
ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE 
BEFORE MITIGATION 

RECOMMENDED 
MITIGATION 
MEASURES 

ENVIRONMENTAL SIGNIFICANCE  
AFTER MITIGATION 

ACTION PLAN FREQUENCY 
 RESPONSIBLE 

PERSON 
M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP 

OPERATIONAL PHASE ACTIVITIES: TSF , WATER MANAGEMENT 

GROUNDWATER 

Dewatering of 
the surrounding 

aquifers 

Interception 
of tailings 

seepage from 
upper 

weathered 
aquifer south 
and east as 
indicated 

2 3 2 4 28 - L 

• Objective to lower 
groundwater levels 
south of the TSF and 
to develop a 
groundwater flow 
boundary zone; 
• No impact expected 
on regional aquifer 
system; 
• Electronic 
monitoring of system 
and monthly reporting 
and upgrading. 

2 3 2 4 28 - L 

1. Implement water 
quantity and quality 
monitoring programme; 
2. Compile quarterly 
water quality and 
quantity reports to 
assess potential 
impacts. Implement 
mitigation measures if 
required; 
3. Install flow meters to 
monitor the amount of 
water extracted; 
4. Update numerical 
model every two years; 
and 
5. Maintain/update 
centralised monitoring 
database (for surface 
water and 
groundwater).                                   

Operational 
Phase 

Env Officer 

Impact on 
groundwater 
quality 
(contamination) 
from current TSF 
and expansion 
and potential for 
poor 
contaminant 
seepage into the 
Vaal River 

TSF 
management 

8 4 3 5 75 - H 

Refer to discussion in 
Section 14.2 for the 
proposed foundation 
seepage capturing, 
groundwater 
intersection, etc 

4 4 3 3 33 - M 

Foundation seepage 
capturing optimised in 
years 1 and 2 and 
foundation drains as 
explained in report 

Operational 
Phase 

Env 
Officer/Contra

ctor 

Footprint preparation: 
compacting of 
foundation with Class C 
Liner during 
construction 

Operational 
Phase 

Env 
Officer/Contra

ctor 

Groundwater 
interception as 
described to maintain 
sulfate plume and re- 
use of water 

Operational 
Phase 

Env 
Officer/Contra

ctor 
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POTENTIAL 
ENVIRONMENTAL 

IMPACT 
ACTIVITY 

ENVIRONMENTAL SIGNIFICANCE 
BEFORE MITIGATION 

RECOMMENDED 
MITIGATION 
MEASURES 

ENVIRONMENTAL SIGNIFICANCE  
AFTER MITIGATION 

ACTION PLAN FREQUENCY 
 RESPONSIBLE 

PERSON 
M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP 

Appoint a qualified 
groundwater specialist 
to undertake quarterly 
monitoring and bi-
annual numerical 
groundwater 
calibration. 

Operational 
Phase 

Environmental 
Officer 

Maintain/update 
centralised monitoring 
database (for surface 
water and groundwater) 
and continuous 
improvement of 
interception system.  
Continuously consider 
alternative and 
additional intervention. 

Operational 
Phase 

Environmental 
Officer 
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14.3 Post Closure Phase 

The post closure phase involves the following basic mitigation and rehabilitation measures: 

• Establishment of cover on final side wall and on top of the 200m perimeter to reduce oxidation 

of the coarser tailings material. The cover needs to be constructed with the addition of lime to 

increase the buffer capacity of the oxidation zone. 

• The results of the seepage modelling and cover design modelling showed that slopes with a 

gradient of at least 1:5 and a soil cover of at least 60 cm will have the lowest seepage rates 

during the closure phase of the TSF. Good vegetation cover contributes to decreased MAP 

percentage percolating into the TSF and seeping into the groundwater. 

• Keep return water system active to ensure the lined section can drain water as long as required. 

• Expansion of the interception system as per Figure 14-3 and assessment of the system annually, 

to determine if borehole locations should be changed and/or if additional boreholes are required 

as the plume migrates and the phreatic surface declines (resulting in decreased seepage).   

• Active groundwater interception will be required for a certain period after closure. Groundwater 

interception points must be aligned with plume migration as required, until environmental load 

is of acceptable levels (consider acceptance criteria by comparing up and down-stream river 

samples annually). The expected volumes for active interception will decrease over time as per 

Figure 14-5 and the predicted required minimum interception will be in the order of 6000m3/day 

or 2.2 million m3 per annum. This will decrease to approximately 1000 to 500m3/day over time.   

• The following will need more attention and consideration: 

o Carry on with investigation possible applications to drain TSF seepage water away from 

the existing TSF. 

o Ensure that the tailings material within the inner beach area has consistent permeability 

rates which are as low as possible. 

o Ensure that the poll pool? size of the facility will be managed in order to keep it as small 

as possible after closure. 
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Figure 14-5:  Current and predicted volumes of groundwater interception per annum 
 

• Treat the intercepted groundwater to acceptable discharge concentrations. 

• Table 14-4 supplies the impact rating for the post closure phase. 

• Figure 14-6 to Figure 14-9 show the sulfate plume predictions for the years 2060 (18 years after 

closure), 2100 (58 years after closure), 2210 (168 years after closure) and 2340 (about 300 years 

after closure) with rehabilitation and with pathway interception. 

• Figure 14-10 provides a concept plan of the anticipated top surface of the TSF and the pond 

size. 

Based on the recent construction of 16 interception boreholes at Kareerand TSF (March 2019) it is 

assumed that, on average, one borehole can achieve a daily production rate of 1 to 5 l/sec (172 to 432 

m3/day) if drilled within the higher yielding aquifer zones. 

Additional interception boreholes are planned for drilling in September 2020. 

 

14.3.1 Validation of unproven post closure mitigation methods and research and development 
requirements 

As per the operational phase recommendations it is recommended that the following research programs 

be initiated during the operational phase: 
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• Phyto remediation or Engineered Plantations:  It is believed that the ET (evapotranspiration) for 

a given plume area can be increased by approximately 500mm/annum on average to assist with 

the interception of shallow groundwater seepage. This is considering the mean annual rainfall of 

600 to 700mm/annum for the Vaal Reef region. This results in a net gain of 0.5 m3/m2/year or 

14 m3/ha/day. The effect on potential salt accumulation and salt uptake also needs to be 

assessed. 

• Bio-treatment and other passive treatment of sulfate rich water, as opposed to RO (reverse 

osmosis) Treatment technologies. 

• Wetland applications. 

• Other engineered options to reduce seepage from the existing Kareerand TSF. 

• The feasibility of directional drilling and the installation of horizontal boreholes needs to be 

determined and will form part of the future assessments. 

14.3.2 Modelling of seepage rates for the post closure phase 

The numerical flow models (Zyl 2019) developed for the closure phase were used to predict a time series 

of declining seepage volumes for a receding phreatic surface until climatic equilibrated rates are reached 

after the phreatic surface has receded. Initial conditions were based on the closure phase analysis. 

According to KP (2018), the Kareerand Extension tailings facility is designed to be decommissioned by 

2042. The beach will then be prepared and ameliorated for rehabilitation as soon as access allows. The 

upper section of the wall (above 45 m) will be rehabilitated after closure, while the lower section of the 

wall (below 45 m) will be rehabilitated concurrently with facility operation (Agreenco email 

communication dated 08 April 2019); 

Seepage volumes for the initial post-closure phase were predicted from: 

• Shape of the phreatic surfaces at facility closure (decommissioning of tailings disposal); 

• Head dissipation and flow into the proposed drain systems; 

• Material hydraulic properties of the tailings at the various facility sections, the compacted clay 

liner and receiving vadose zone; and 

Post closure seepage from the facility was predicted based on predicted net infiltration rates at the wall 

and upper surface areas of the facility under the following post closure conditions: 

• Perennial grasses or mixture of perennial grasses and shrubs at: 
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o Facility wall. Concurrent rehabilitation of the outer wall will be critical since the 

potential of generating acidic- and sulphate leachate within the underflow tailing outer 

walls is medium to high. Agreenco indicated that the outer wall will be soil clad and 

vegetated with perennial grasses or mixture of perennial grasses and shrubs (Agreenco 

email communication dated 05 December 2018). 

o Perimeter zone at the upper surface 200 m inward from the crest. The 200 m perimeter 

will be soil clad and vegetated with perennial grasses or mixture of perennial grasses 

and shrubs (GCS, 2018; Agreenco email communication dated 05 December 2018 and 

January 2019) 

o Intermittent pond remaining at approximately 20 to 28% of the top surface (Agreenco 

email communication dated 05 December 2018). According to Agreenco, the pond area 

will be left bare to function as an intermittent run-on area to collect seasonal runoff 

from the surrounding vegetated upper surface. After decommissioning, all seepage 

water collected from various systems will not be returned to the tailings facility as the 

seepage and drain water will treated and discharged for the purposes of this seepage 

modelling exercise (Agreenco email communication dated 05 December 2018). 

o In-situ vegetated evergreen trees at the upper surface area between the intermittent 

ponding area and the 200 m perimeter area to evapotranspiration incident rainfall and 

minimise seasonal runoff reporting to the ponding area (Agreenco email communication 

dated 05 December 2018; Appendix A). Agreenco proposed Eucalyptus trees (Agreenco 

email communication dated 28 January 2019). 

The final post closure seepage rates were predicted considering climatic equilibrated unsaturated flow 

conditions for the tailings facility after the phreatic surface has receded. Knight Piésold indicated that 

the final elevation at decommissioning of the facility will be 1432 mamsl. The designed average outer 

wall slope angle is 1:6 (v:h). 
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Figure 14-6:  Sulfate plume prediction layer 1 at 2060 with mitigation 



Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 89 

 

Figure 14-7:  Sulfate plume prediction layer 1 for 2100 with mitigation 
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Figure 14-8:  Sulfate plume prediction layer 1 for 2210 with mitigation 
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Figure 14-9:  Sulfate plume prediction layer 1 for 2340 with mitigation 
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Table 14-4:  Impacts on groundwater Post Closure 

POTENTIAL 
ENVIRONMENTAL 
IMPACT 

ACTIVITY 

ENVIRONMENTAL 
SIGNIFICANCE 

BEFORE MITIGATION 
RECOMMENDED MITIGATION 

MEASURES 

ENVIRONMENTAL SIGNIFICANCE  
AFTER MITIGATION 

ACTION PLAN FR  PERSON 

M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP M D S P 

T
O

T
A

L
 

S
T

A
T

U
S
 

SP 

 POST-CLOSURE ACTIVITIES: MONITORING AND MAINTENANCE 

GROUNDWATER                                       

Impact on 
groundwater 

quality from TSF 
and potential 

seepage of poor 
quality base-flow 

into the Vaal 
River 

Operation and 
ultimate 

rehabilitation of 
TSF 

8 5 3 5 80 - H 

• Expand and continue for at 
least 60 years with 
groundwater interception at 
prescribed positions. Adjust 
pump rates according to 
seepage volumes continuously 
(reduction assumed annually) 
 • Minimise infiltration on TSF 
by active phytoremediation 
and pond control 
 • Groundwater interception 
water evaporated on top of 
TSF                         
 • Quarterly groundwater 
monitoring should be 
conducted.  

4 5 2 3 33 - M 

Follow closure and 
rehabilitation plan. 

Post-
closure  

Env 
Officer/C
ontractor 

Continue with water 
monitoring programme 
as needed. 
Calibrate the numerical 
mass transport model 
at least every 3 years. 

Post-
closure  

Env 
Officer 
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Figure 14-10:  Projected top surface and long term water management concept plan (concept only – not to scale) 



Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 94 

14.3.3 Salt Load into the Vaal River 

Acceptance criteria for the salt load into the Vaal River needs to be established. This will be a 

combination of the Middle Vaal Water Management RWQOs (resource water quality objectives) (refer to 

Table 14-5) and the up-stream baseline water quality, established on an annual basis.  It is very 

important that the future mean annual runoff in the Middle Vaal Catchment be considered with the 

view of increased demand (up to 30% in 2030) and climate change. It is fair to assume that the 

dilution effect of the Vaal River will reduce significantly by 2042 and beyond. Currently accepted 

criteria are guided by up-stream and down-stream water quality comparisons. 

Table 14-5:  In stream RWQO’s for the Vaal River in the Middle Vaal Water Management Area (DWA, 
2009 (now DWS)).  

Variable Units Acceptable 

Nitrate (mg/L) as N 3 

Ammonia (mg/L) as N 0.1 

Sulfate (mg/L) 250 

Chloride (mg/L) 100 

EC (mS/m) 90 

TDS (mg/L) 630 

Phosphate (mg/L) as P 0.03 

 

For the mitigation scenario, the increase of TDS in the Vaal River is expected to be fairly low and may 

increase to about 10 mg/l with a 30% reduced MAR (mean annual runoff) and dry year.  Refer to Table 

14-6. 

The sulfate plume will have a high impact on the Vaal River if no groundwater mitigation is applied. The 

TDS concentrations may increase up to 30 mg/l for wet years and 70 mg/l for dry years. If one consider 

future reduction of MAR in the system of 30%, the TDS can increase as much as 100mg/l (refer to Table 

14-7). The salt load can be as high as 2000 kg/day and is expected to reach its peak approximately 60 

years after closure; active groundwater seepage management will therefore be required for at least 60 

years. 

 

Table 14-6:  Predicted salt load after closure for the full mitigation and management scenario 

Model 
Time 
(days) Time (year) 

TDS AVE 
Increase 
(mg/l) 

TDS DRY 
Increase (mg/l) 

TDS Increase Dry 
Period & 30 % 

Reduction in MAR 

Total Salt 
Loads 

(kg/day) 

11315 24/12/2040 0 0 0 0 

12780 28/12/2044 0 0 0 0 

13140 23/12/2045 0 0 0 0 

14600 22/12/2049 0 0 0 2 
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18250 20/12/2059 0 0 0 4 

36500 08/12/2109 1 2 3 59 

54750 26/11/2159 1 2 3 73 

73000 14/11/2209 1 3 4 87 

109500 21/10/2309 2 4 6 138 

120815 13/10/2340 2 5 7 158 

 

Table 14-7:  Predicted salt load after closure with no mitigation  

Model 
Time 
(days) Time (year) 

TDS AVE 
Increase 
(mg/l) 

TDS DRY 
Increase (mg/l) 

TDS Increase Dry 
Period & 30 % 

Reduction in MAR 

Total Salt 
Loads 

(kg/day) 

11315 24/12/2040 0 0 0 10 

12780 28/12/2044 0 0 1 16 

13140 23/12/2045 2 4 5 122 

14600 22/12/2049 4 10 14 341 

18250 20/12/2059 5 13 18 428 

36500 08/12/2109 28 67 96 2267 

54750 26/11/2159 26 62 88 2084 

73000 14/11/2209 25 60 86 2024 

109500 21/10/2309 24 58 80 1985 

120815 13/10/2340 23 56 78 1850 

 

14.4 Economic Considerations 

14.4.1 Capital Requirements 

Estimates for the required capital and operational outlay for the operational phase and the closure phase 

can be seen from Table 14-8 and Table 14-9.   

The expected volumes for active interception will decrease over time as per Figure 14-5. The predicted 

initial interception required will be in the order of 6000m3/day or 2.2 million m3 per annum.  This will 

decrease to approximately 1000 to 500m3/day towards the end of the proposed 60 year post-closure 

period.   

The accumulated volumes over the operational and closure phase will be approximately 54 million m3 

and 40 million m3 respectively and combined around 93 million m3.  This equates to significant volumes 

of water that will need to be abstracted from the local aquifer system to manage the sulfate plume over 

time. 
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Figure 14-11:  Predicted total accumulated volume of groundwater to be abstracted during 
operational and post closure phases 
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Table 14-8:  Indicative CAPEX and OPEX for short term and operational mitigation measures  

 
 

Description Cost/Unit
Units 

Req.
TOTAL

Units 

Req./y
Units Cost/ Unit/y Cost/ Total/y

 Time 

(years)*
TOTAL for all units

Woodlands 50ha test trail site (units 

in ha)** (Cycle 1)
R 95 000.00 50 R 4 750 000.00 50 ha R 6 390.00 R 319 500.00 12 R 3 834 000.00

Woodlands 50ha test trail site (units 

in ha)** (Cycle 2)
R 95 000.00 50 R 4 750 000.00 50 ha R 6 390.00 R 319 500.00 12 R 3 834 000.00

Interception boreholes (bh)*** R 333 000.00 25 R 8 325 000.00 3285000 m3 R 0.23 R 755 550.00 24 R 18 133 200.00

Groundwater monitoring operational 10 bh R 10 000.00 R 100 000.00 24 R 2 400 000.00

R 17 825 000.00 R 1 494 550.00 R 28 201 200.00

*** Cost indicative and derived from typical drilling, construction and equipng of a 20 to 50m deep production borehole.  Include some costs for surface distribution.

CAPEX for Short Term Requirements (Years 2019 to 2021).  Operational costs indicative only , to be included in normal operational OPEX of TSF until closure (2042)

* the indicative running costs are based on assumed 2018 rates and not escalated for CPIX, it also assumes that operational costs can be included in the operations of the TSF between 2018 and 2042.

Proposed Capital Expenditure (CAPEX) Proposed Operational/Maintenance Expenditure (OPEX)

** Cost indicative and derived from the 2018 discussions with Agreenco.
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Table 14-9:  Indicative CAPEX and OPEX for long term operational mitigation measures  

 

Description Cost/Unit
Units 

Req.
TOTAL

Total Units 

Req./y
Units Cost/ Unit/y Cost/ Total/y

 Time 

(years)*
TOTAL for all units

Woodlands on the top surface of 

the TSF (units in ha)** Cycle 1
R 125 000.00 82 R 10 250 000.00 82 ha R 6 390.00 R 523 980.00 20 R 10 479 600.00

Woodlands on the top surface of 

the TSF (units in ha)** Cycle 2
R 125 000.00 82 R 10 250 000.00 82 ha R 6 390.00 R 523 980.00 20 R 10 479 600.00

Woodlands on the top surface of 

the TSF (units in ha)** Cycle 3
R 125 000.00 82 R 10 250 000.00 82 ha R 6 390.00 R 523 980.00 20 R 10 479 600.00

Woodlands south of the TSF 

(units in ha)** Cycle 1
R 95 000.00 50 R 4 750 000.00 50 ha R 6 390.00 R 319 500.00 20 R 6 390 000.00

Woodlands South of the TSF 

(units in ha)** Cycle 2
R 95 000.00 50 R 4 750 000.00 50 ha R 6 390.00 R 319 500.00 20 R 6 390 000.00

Woodlands South of the TSF 

(units in ha)** Cycle 3
R 95 000.00 50 R 4 750 000.00 50 ha R 6 390.00 R 319 500.00 20 R 6 390 000.00

3285000 m3 R 0.23 R 755 550.00 20 R 15 111 000.00

1825000 m3 R 0.23 R 419 750.00 20 R 8 395 000.00

730000 m3 R 0.23 R 167 900.00 20 R 3 358 000.00

Groundw ater monitoring operational 10 bh R 10 000.00 R 100 000.00 60 R 6 000 000.00

R 53 325 000.00 R 3 973 640.00 R 83 472 800.00

*** Cost indicative and derived from typical drilling, construction and equipng of a 20 to 50m deep production borehole.  Include some costs for surface distribution.

Proposed Capital Expenditure (CAPEX) Proposed Operational/Maintenance Expenditure (OPEX)

CAPEX for Closure  (Year 2042) Figures based on 2018 data, not escalated with CPIX for 2042.  Operational costs indicative only , based on 2018 data and notescalated 

with CPIX.  Estimate to run system for 60 years.

* Based on a proposed 60 year post closure mitigation period.  Three (3) 20 year cycles are expected for the trees and for pump volumes from the boreholes.

** Based on indicative costs received from Agreenco in 2018.

Interception boreholes *** 

(bh)Assumed that 25 additional / 

new  borehoels w ill be required 

for closure and that a total of 25 

to 50 boreholes needs to be 

managed.

R 333 000.00 25 R 8 325 000.00
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15 GROUNDWATER MONITORING PLAN 

15.1 Rationale 

As part of the baseline investigations for the EIA as well as for the existing monitoring network 

for the Kareerand TSF, a total of over 70 boreholes were drilled at the Kareerand TSF. The 

borehole sites were selected to obtain a representative spatial distribution while at the same 

time be representative of the geology and structural influences of the area. All boreholes 

were constructed for potential incorporation into the long-term monitoring network to avoid 

duplication of effort, the production/interception boreholes included. 

These boreholes mainly focused on the upper weathered formation. 

The purpose of a groundwater monitoring network is to provide an early warning of possible 

adverse effects of the proposed mining activities on both quantity and quality of the affected 

groundwater systems. 

The current groundwater monitoring program includes the following boreholes and these are 

monitored on a quarterly basis for water quality and measurement of groundwater levels. 

Table 15-1:  Kareerand groundwater monitoring boreholes 
Site ID Description Longitude (DD) Latitude (DD) 

BH03 South west of 10# WRD, west of Kareerand  26.85500 -26.90000 

BH05 In Gamefarm near 11# 26.86700 -26.91300 

BH06 Southwest of security gate at Kareerand 26.87633 -26.90194 

BH07 South of wetland area. 26.87742 -26.91144 

BH10 South of Kareerand inside fence of Sally's farm 26.89484 -26.91092 

BH13 North east of Kareerand 26.90584 -26.88708 

BH15 South East of Kareerand  26.90027 -26.90337 

BH16 South of Kareerand  26.88694 -26.90442 

BH19 Pumping borehole south of Kareerand inside wall 26.90000 -26.88000 

BH21 Southwest of Kareerand  26.65038 -26.88000 

HC01 Tap at Sally Farm house  26.92438 -26.93192 

HC13 Windmill Southwest of Kareerand in Game park 26.85606 -26.90782 

HC14 Windmill Southwest of Kareerand in Gamepark  26.84606 -26.90803 

KD04 Viljoen Farm Borehole at farm house 26.91978 -26.88065 

BH38 West of Kareerand TSF 26.87304 -26.89093 

BH44 North West of Kareerand TSF 26.88388 -26.87065 

BH45 West of Kareerand TSF 26.87528 -26.87975 

BH51 South East of Kareerand TSF (Umfula farm) 26.90665 -26.90432 

BH52 East of Kareerand (Umfula farm) 26.90933 -26.89312 

HC023 East of Kareerand (Umfula farm) 26.90881 -26.88235 
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16 COMBINED HYDROGEOLOGICAL BENEFIT/RISK OF THE PROJECT AND 
CUMULATIVE IMPACTS 

The intention of this section is to supply a better understanding of the potential cumulative 

groundwater impacts of the Kareerand extension project.  The following factors need 

consideration: 

• The Kareerand TSF and the proposed extension is a stand-alone waste facility. 

• Regional old and redundant TSFs, constructed between the 1960’s and 1990’s will be 

reworked and remined (refer to Figure 16-1 for the localities). 

• The tailings will be processed at the Mine Waste Solutions treatment plant in 

Stilfontein and the final waste (tailings)will be pumped to Kareerand TSF. 

• The objective of this discussion is to demonstrate an overall salt load reduction into 

soils, aquifers and into the Vaal River if 15+ TSFs within the region are reclaimed and 

footprint areas rehabilitated.   

It can be seen in the discussion below that environmental salt loads from the existing TSFs 

and associated water drainage infrastructure results in an estimated salt load into the Vaal 

River in the order of 10 tons per day (also refer to Appendix K for background information on 

the sources and old Vaal River load studies for the KOSH area). It is believed that, through 

the process of reclamation of existing TSFs, this load can be eliminated over a period a period 

of time and the total load to the environment can be reduced. Theoretically, the total load 

into the Vaal River as a result of these TSFs can be reduced by 80 to 100% in the long term. 

This is only focused on the impact from the sites that will be reclaimed; other mining 

activities might remain to the north of the Vaal River not associated with this project. 

The long-term positive impact of reclaiming existing TSFs, in terms of groundwater quality, 

will exceed the short-term negative impacts. In other words: a short-term influx (1 to 3 years) 

of seepage can be expected during the hydro mining methods used which will add to some 

degree to the existing contamination plumes. However, after this short period, the TSF sites 

will be rehabilitated and NO contaminated seepage will occur thereafter. 

Refer to Figure 16-1 for an overview of the localities of the TSFs for proposed reclamation 

and the associated sulfate plume zones for the region.   
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Figure 16-1:  Overview of the Sulfate plume zones within the region 

16.1 Regional Plume coverage 

The plume coverage was calculated by measuring the 1000mg/l Sulfate plume areas and the 

total coverage is approximately 6200 ha combined as can be seen from Table 16-1 below 

(GCS, 2019). It is important to note that the 200 and 500mg/l contours might be more 

significant when an overall environmental risk assessment is conducted. The 1000 mg/l 

contour line represents stock-watering standards and is applied for comparison purposes only. 

Table 16-1:  Sulfate plume coverage descriptions (2019) 

Plume Name 

Area of 
1000mg/l 

plume (ha) 
TSF areas 
excluded 
(2019) 

Area of 
1000mg/l 

plume (ha) 
TSF areas 
included 
(2019) 

% 
Contribution 
from TSFs / 

old TSF 
Footprints 

% Contribution 
from TSF 

Return water 
systems 

(historical 
spills/overflows 

included)* 

% 
Contribution 
from Plant 
activities 

% Other 
(Waste 
Rock, 
Shaft 
areas  
and 

other) 

VR NORTH: 

VR Area 1 (West 
Schoonspruit) 

450 575 85 5 5 5 

VR Area 2 (West 
Bokkamp to Vaal 
River) 

1615 2020 75 20 0 5 

VR Area 3 (East Pay 
Dam) 

340 340 45 10 35 10 

VR Area 4 (East TSF to 
VR) 

825 1180 75 20 0 5 

VR NORTH: Total / 
Average 

3230 4115 70 14 10 6 
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MWS: 

MWS Area 1 
(Stilfontein TSFs /Mine 
Waste Solutions Gold 
Plant) 

800 1050 70 10 10 10 

MWS Area 2 
(Hartebeesfontein) 

235 475 80 15 0 5 

MWS Area 3 
(Buffelsfontein) 

270 480 90 10 0 0 

MWS Area 4 
(Kareerand) 

25 55 95 5 0 0 

MWS Area 5 (Flanagon 
and Elleton areas) 

65 65 95 5 0 0 

MWS: Total / Average 1395 2125 86 9 2 3 

TOTAL / AVERAGE 4625 6240 78 11 6 5 

 

16.2 Simulated river seepage and salt load estimations 

Table 16-2 supplies the groundwater seepage as simulated and obtained by the numerical 

groundwater model. 

It is important to note that this does not include any surface run-off from rainfall or 

overflow from any facilities, but rather indicates seepage through the shallow aquifer 

system as diffuse seepages from the river bank. 

Table 16-2 supplies an indication of current salt loads from the identified areas and the 

following can be derived from the table: 

• Approximately 3500 m3/day combined diffuse seepage along the four (4) Vaal River 

sections with a total combined length of approximately 10.5km, 

• Approximately 500 m3/day for the Schoon Spruit section of approximately 2km, 

• Seepage rates equal on average, approximately 0.25 to 0.8 m3/day/meter of river 

bank in theoretical terms, 

• A combined salt load of approximately 10 tons/day for the Vaal River and 

approximately 1 ton per day into the Schoon Spruit, 

• Sulfate loads are approximately 50% of the total salt load, and 

• The salt load results for Sulfate increase between 15 to 35mg/l between the upstream 

and downstream sampling points in the Vaal River. The increase in river Sulfate 

concentrations will be significantly higher, around 70mg/l, in the low flow dry 

season. 

When comparing these salt load predictions / calculations with available monitoring data, 

the following concluding remarks can be made: 
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• These calculated concentration increases are in the same order of magnitude when 

compared to the available monitoring data (refer to Figure 16-2 and Figure 16-3).  It 

is therefore fair to assume that the seepage rates obtained from the numerical model 

and listed in Table 16-2 are in the correct order of magnitude.   

• The difference in Sulfate concentrations between the downstream and upstream 

monitoring sites within the Schoon Spruit can be seen in Figure 16-4. The average 

increase in Sulfate concentrations over the measured period (2015 to 2019) was in 

the order of 40mg/l.   

• Existing monitoring data for both the Schoon Spruit and Vaal River suggest significant 

quantities of point source flows, resulting in peaks and anomalies in Sulfate 

concentrations. 

 

Table 16-2:  Salt Load calculations based on river flow and baseflow 

Area 
Segment 
Length 

(m) 

Average 
Estimated 

Diffuse 
Seepage/ 

River 
Leakage 
(m3/day) 

Seepage 
per m 

(m3/m/day) 

Discharge 
Quality SO4 

(mg/l) 

Sulfate 
Load 

(kg/day) 

TDS Load 
(kg/day) 

Increase 
River SO4- 
Average 

flow 
(mg/l) 

Increase 
River SO4- 
Low flow 

(mg/l) 

Schoon Spruit 2500 450 0.180 1200 540.00 1 080.00   

Vaal River 
West 

3500 750 0.214 1800 1 350.00 2 700.00 10.722 20.0 

Vaal River 
Mid 

2900 520 0.179 1200 624.00 1 248.00 4.956 9.2 

Vaal River N 
East 

2400 950 0.396 1800 1 710.00 3 420.00 13.581 25.3 

Buffelsfontein 1800 1350 0.750 800 1 080.00 2 160.00 8.577 16.0 

VAAL RIVER 
TOTAL 

10600 3570   4 764.00 9 528.00 37.84 71 
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Figure 16-2:  Vaal River difference in Sulfate concentrations over time (2015 to 2019) 
between down-stream sample sites and the up-stream reference site VRS63 
 
 

 
Figure 16-3:  Vaal River difference in Sulfate concentrations over time (1999 to 2019) 
between down-stream sample sites and the up-stream reference site VRS23 
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Figure 16-4:  Schoon Spruit difference in Sulfate concentrations over time (2015 to 
2019) between down-stream sample sites and the up-stream reference site VRS34 

 

16.3 Cumulative Impacts 

A cumulative impact can be defined as an impact on the environment which results from the 

incremental impact of an action (i.e. mining) when added to other past, present and 

reasonably foreseeable future actions, regardless of who (i.e. private individual, government 

agency, industrial business, agricultural business, etc) undertakes such actions. 

Land use surrounding the Kareerand TSF comprise of agricultural activities, with farms to the 

east and south east of the TSF. Impacts from the Kareerand TSF can negatively influence the 

farming water resources and it is described above in the mitigation sections that sound 

monitoring will occur to track any negative impacts on any identified farm boreholes. 

The cumulative environmental impact from the Kareerand TSF is limited to the potential of 

seepage into the Vaal River within its direct vicinity and demarcated potential plume area as 

described above.  It is not foreseen that any other cumulative groundwater impacts will result 

from the Kareerand TSF extension if the proposed mitigation actions are followed, 

implemented and monitored as described above in the previous sections. 

The remining of the old TSFs will mainly result in a positive cumulative impact and the 

Kareerand TSF extension itself have no cumulative impacts as such. 
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17 CONCLUSIONS 

This report summarizes the development of the site hydrogeological characterization as well 

as the 3D groundwater flow and mass transport model for the Kareerand TSF Expansion 

Project during the pre-feasibility phase in 2017/2018 and updated with recent design and 

monitoring data in 2020.   

The predictions of changes in the local groundwater system, in response to the existing 

Kareerand TSF and proposed expansion development (operation of a TSF), are addressed in 

this report.  Data that have been gathered to develop the site hydrogeological 

characterization include: 

• Gathering and study of existing information and scientific site reports;  

• Hydrocensus survey to map existing farm boreholes; 

• Geophysical surveys to map sub-surface and potential preferential flow paths; 

• Drilling and testing of additional monitoring and observation boreholes; 

• Water quality analyses; 

• Seepage assessment work; 

• Geochemical assessment work; and 

• Assessment of mitigation options through the application of a risk-based-approach. 

 The findings of these assessments are briefly summarized below.  

17.1 Hydrocensus 

The hydrocensus data, provided in Appendix B, shows that 31 reference sites and farm 

boreholes have been located within the demarcated project area.   

Most of these sites are not in use; only the farms further to the north east, south east and 

the game farm (south west) have active boreholes. The active boreholes are mainly used for 

stock watering, irrigation and domestic use. 

17.2 Geophysical Survey 

Three types of geophysical applications were introduced between 2008 and 2018, namely: 

magnetic surveys (Mag), electromagnetic (EM) surveys and resistivity surveys (ERT).   

An overview of the geophysical surveys conducted between 2008 and 2016 are presented in 

Appendix C and the 2017 Mag/EM and 2018 ERT surveys are provided in Section 8.3. 

Approximately 35km of EM and magnetic surveys were completed in October 2017 around the 

existing Kareerand TSF. Approximately 3km of ERT surveys were completed in 2017/2018. 

In consideration of the local geophysical characteristics presented in Section 8.3 it is fair to 

distinguish between the following rock types: 
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• The resistive low conductivity of the solid diabase formation. This corresponds with 

the geology map for the area and the more solid diabase to the east of the TSF; 

• Higher conductivities, in between the solid diabase formations, represents deeper 

weathered diabase zones; 

• The shales to the west, where the expansion is planned, show high conductivity 

values. Shales were also observed during the field surveys to the east along the farm 

road and in the game camp;  

• The andesites and quartzite show very low conductivities. These lithologies are 

limited to the western portion of the planned expansion; 

• The clay rich shales of the Karoo formation, to the north western corner of the TSF; 

and 

• The fairly high conductivity in the south represents both water logged soils and 

weathered diabase. The difference between the dry weathered diabase and the 

water logged diabase is visible. 

17.3 Aquifer System 

Site-specific hydrogeological conditions are presented in the recent geophysical survey and 

percussion drilling projects at the Kareerand TSF. In summary, the local geology comprises 

geological zones alternating with heterogeneous zones of inter-layered rocks of both 

sedimentary and igneous origin.  

There is a clear differentiation between the underlying foundation conditions from east to 

west: 

• The rock underlying the Kareerand TSF is characterized by well-developed igneous 

layering (diabase sill). The competent (fresh) diabase is overlain by a 5 to 25 m 

weathered zone, while surficial unconsolidated sediments of clayey sand range 

between ~1 to ~3 m in thickness. Initially it was assumed that the upper clay layers 

will act as a significant barrier zone but the amount of clay material removed during 

construction altered the potential to do so.  In turn, seepage from the TSF has 

resulted in increased groundwater levels of approximately 10 to 15m. 
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• The proposed expansion will mostly overlie shales and extrusive igneous rock, with 

lines of quartzitic outcrops running from south to north, with a dip in the order of 50 

degrees to the east. Only limited significant groundwater flow was observed during 

drilling; and limited high flow areas were delineated for the proposed extension area. 

It is believed that the high flow weathered diabase areas within the eastern portion 

of the expansion site are directly linked to the same flow zones within the current 

Kareerand TSF area.  

Unweathered diabase, shales, quartzite and andesite have similar hydrogeological 

characteristics and are characterized by a low primary porosity and permeability. The 

permeability of the bedrock aquifer is associated with secondary structural features (e.g. 

joints, fractures, fissures, dykes, faults etc.).  

17.4 Drilling of observation and test boreholes 

A total of 74 test boreholes have been drilled over the past 10 years.  The monitoring borehole 

particulars are captured in Appendix D. The lithological borehole logs are captured in 

Appendix E. The following basic deductions were made from drilling data: 

• Boreholes were generally drilled to depths between 6 and 54m below ground level 

and mainly installed in the upper weathering zone;   

• Drilling observations such as penetration rates, water strikes, airlift yields and 

weathering profiles were discussed; 

• Field observed airlift yields were measured and range between 0 (dry) and 15 l/sec.  

Generally, boreholes drilled within shales, andesite and dolomite (dolomite only 

occurs much further westwards) indicated dry to low airlift yields; and 

• Most of the boreholes drilled within weathered diabase indicate medium to high 

airlift yields. These zones typically exhibit higher permeability and high storage 

characteristics. The diabase forms a sill below the majority of the existing TSF and 

higher transmissivity values were measured south of the site and along the contact 

of the sill (average ~18m below ground level). 

17.5 Groundwater Levels 

Groundwater level data was obtained from the newly drilled boreholes and the routine water 

monitoring data. The following can be derived from the available data: 

• Groundwater levels were in the order of 15 to 20 m below ground level prior to 

deposition (GCS, 2008). Groundwater levels have increased by an average of 10 to 

15m below the TSF over time which has reduced the thickness of the unsaturated 

zone. 
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• The recent data indicate perched levels in the direct vicinity of the TSF. Areas further 

to the west, where andesite and dolomite intersect, indicate much deeper 

groundwater levels (>30m) which have not changed significantly over time. 

17.6 Aquifer Parameters 

Constant rate pump tests and slug tests (falling and rising head tests) with recovery 

monitoring were conducted. The aquifer test results are attached in Appendix F. 

The following table (Table 17-1) supplies a list of hydraulic conductivity values (K values) 

obtained from the aquifer test analyses. Cooper Jacob, Theis Recovery and Bower-Rice 

analyses methods were applied.   

Table 17-1:  Summary of aquifer parameters 
 

Lithology 

Summary of K Values (m/day) 

Average 
Geo 
Mean 

Max 
Har 
mean 

Chert/ Dolomite (limited Data) 0.001 0.001 0.1 0.001 

Andesite 0.152 0.019 0.2 0.003 

Quartzite, Lava, Shale 0.074 0.074 0.1 0.074 

Shale and diabase 0.325 0.207 0.8 0.123 

Predominantly Shale 0.420 0.355 0.8 0.296 

Diabase, weathered (unsaturated) with shales 0.497 0.497 0.8 0.497 

Diabase, weathered with Clay 0.172 0.064 0.45 0.009 

Diabase, weathered clay and boulders 0.217 0.216 0.5 0.215 

Diabase, highly weathered and fractured on contact 2.754 1.930 8.680 0.898 

 

17.7 Groundwater Quality 

Generally, elevated TDS and sulfate concentrations are observed within the direct vicinity of 

the Kareerand TSF and the preferred pathway zone to the south. The laboratory results 

indicate that generally Ca and Mg are dominant in most of the hydrocensus samples. Certain 

parameters (Cl, NO3, Na, Fe, Al and Mn) were elevated above the target water quality 

guidelines (SANS) in some of the boreholes. Manganese occurs above target levels at most of 

the sites. Neutral pH levels were recorded at all sites. The lowest pH of 5.6 occurs in borehole 

BH58, which is situated directly west of the transfer silos and the TSF. 
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17.8 Vaal River Water Quality 

The up- and downstream Sulfate concentrations fluctuate with seasonal rainfall and are 

generally similar (fluctuate between 50 and 200 mg/l). Slight elevated sulfate concentrations 

were measured in Oct/Nov of 2016, 2017 and 2018. These might be attributed to surface 

spillages at the Kareerand site. It is fair to assume that any impacts currently observed are 

from surface flow and not from groundwater seepage. 

17.9 Geochemical Data and Source Term Assessment 

The Geochemical modelling and analyses conducted between 2008 and 2016 on the Kareerand 

TSF material and drain water indicates Sulfate concentrations to be on the order of between 

1500 mg/l. Sulfate concentration within the pore spaces of the tailings and associated 

seepage water is mainly determined by the level of oxidation, volume of the mineral S 

(sulphur), grain size and head pressure associated with facility height. The objective would 

be to manage the facility in such a way so as to minimise the Sulfate concentrations, as well 

as stabilise pH and other leachable constituents. It was indicated that Sulfate concentrations 

may increase drastically within the oxic zone along the side walls if oxidation is not limited. 

Cover implementation during operation and after closure can assist in limiting oxidation. 

17.10 TSF Seepage Assessment 

Available data suggests existing seepage volumes from the current Kareerand Facility to be 

in the order of 6000 m3/day.   

The objective is to not exceed the current seepage rates during the construction, operational 

and post-closure phases of the proposed TSF expansion. The new site will be lined with a 

Class C Barrier containment system and current seepage rates will be managed by 

interception boreholes. 

17.11 Groundwater Monitoring 

A comprehensive groundwater monitoring network is in place with quarterly and twice a year 

monitoring undertaken. The monitoring system will be revised on an annual basis as required. 

17.12 Groundwater Impact Prediction: 

The seepage rates (as mentioned previously) and the typical input Sulfate concentrations 

were applied in the MODFLOW groundwater model for the area. The long-term predicted 

contamination plumes were presented. The main conclusions are: 

• It can be seen from the model results that the Sulfate plumes migrate mainly 

southwards and eastwards towards the Vaal River. 
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• The elevated groundwater levels around the TSF will remain and might potentially 

increase as it they are influenced by the phreatic surface in the TSF. 

The Vaal River and north eastern, eastern and south eastern farm boreholes are considered 

as the primary and most sensitive receptors for the Sulfate plume migrating away from the 

TSF. According to the groundwater contaminant transport model, certain farm-owned 

boreholes may be impacted.   

For the expansion project, the Sulfate plume will have a low impact on the Vaal River, while 

seepage from the current TSF will pose a high to medium risk on the regional aquifer.  The 

risk on the Vaal River will be managed by interception boreholes. Salt load and concentration 

increase predictions were made for the post-closure phase. It is predicted that limited TDS 

increases will occur within the Vaal River if the all the mitigation and management measures 

are followed- only 10mg/l of TDS and approximately 200kg salt load per day. This can increase 

significantly if no or limited mitigation is applied. 

17.13 Proposed Mitigation 

The emphasis for groundwater mitigation and management will be on the existing Kareerand 

TSF. As mentioned earlier, to manage seepage from the proposed expansion, it was found 

best to apply a Class C Barrier containment system when constructing the foundation of the 

new expansion. The expansion compartment will also consist of under-drain systems and a 

much bigger return water dam system to enable effective pool management and return flow 

during storm events. 

It is evident from the preliminary salt load assessment that the impact on the Vaal River will 

be negligible when mitigation is applied to the existing and proposed TSFs. 

Active Sulfate plume management will be required for at least 60 years and the system will 

be required to be upgraded and improved on an annual basis, based on the results of annual 

monitoring data. In the order of 25 to 50 interception boreholes will be required; at least 25 

during the short-term operational life. Interception of approximately 6000 m3/day will be 

required in the short-term operational time frame. The seepage will reduce over time after 

closure and it is assumed that borehole abstraction rates and number of boreholes can 

decrease over time. 

Seepage and intercepted water can be re-used during the operational phase and will need to 

be treated after closure.  
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17.14 Combined Salt Load Reduction of the Project and Regional Sulfate 
Reduction and associated impact on the Vaal River 

Current salt load from regional TSFs into the Vaal River pose a significant current and future 

environmental liability and risk to Vaal River water quality. In total, approximately 2500 ha 

of old tailings will be removed from the area (Klerksdorp, Orkney, Stilfontein) and the 

material will be consolidated to one TSF (Kareerand TSF). Reclamation and subsequent 

rehabilitation of the old TSFs will reduce total salt load into the area’s dolomite aquifers and 

the salt load into the Vaal River can be reduced by at least 80% over the next 100 years. 

 

18 RECOMMENDATIONS 

The following recommendations are made: 

• The groundwater monitoring network was already expanded with the newly drilled 

boreholes and as per the list in Section 15 and Table 15-1.   It is recommended that 

the groundwater monitoring system be reviewed on an annual basis by means of a 

gap analyses based on numerical groundwater model predictions and assessment of 

water quality data. 

• The surface water monitoring network must be reviewed on an annual basis if 

required.  It is recommended that two additional monitoring sites within the Vaal 

River be investigated for feasibility purposes.  The objective will be to allow for a 

more refined up-and down-stream monitoring system for the predicted east and south 

plumes respectively. 

• The recommendations made in the report, especially in Section 14 

(HYDROGEOLOGICAL RISK ASSESSMENT AND MITIGATION), should be translated into 

an overall site Environmental Management Plan. 

• The numerical model should be updated annually initially from where the time 

intervals can be reduced to every 3 years by using monitoring data to refine the 

impact prediction scenarios.  

• Seepage volumes and the water balance should be re-assessed once more information 

regarding rehabilitation and the final construction plan of the expansion is obtained.  

The seepage model must be reviewed and updated at least every 2 years or as 

needed.  

• Rainfall must be recorded on a daily basis at the site. 

• Groundwater mitigation plans should be refined on an annual basis as more scientific 

based data is sourced to allow for “continuous improvement”. 
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• Measuring of groundwater levels and borehole flow rates must be captured in a 

suitable database on a quarterly basis.  Broken flow meters and measurement 

apparatus must be replaced and regularly maintained. Simultaneously, abstracted 

volumes must be recorded at the production boreholes. 

• The positions of the interception boreholes must be confirmed annually and any gaps 

addressed.   

• Geochemical tests must be completed at least every 3 to 5 years to enable a database 

of the heterogeneous nature of the tailings material.  The existing geochemical model 

must be updated every 3 to 5 years. 

• During the installation of the proposed interception wells, pump tests and down-hole 

EC profiles must be completed. 

• Boreholes drilled on the proposed expansion footprint area need to be sealed during 

the construction phase according to the 2005 ASTM Standard Guide for 

Decommissioning of Boreholes.   

It is recommended that the following areas where gaps were identified be further assessed: 

• The dissipation time and characteristics of the phreatic surface for the combined TSF 

facility, in other words how the phreatic surface and pool position behave after 

closure because of the assumed high permeability nature of the under drain system 

associated with the lined portion of the TSF and how this may positively affect the 

phreatic surface decline within the unlined portion.   

• The optimum of pool size to ensure low seepage rates. 

• The of two deep boreholes (80m) south of the TSF next to existing shallow boreholes 

(~20m) to understand the depth of fracturing and interconnection between the upper 

weathered aquifer and the lower fractured rock aquifer within the diabase better.   

As per the operational phase recommendations it is recommended that the following research 

programs be initiated during the operational phase: 

• Phyto remediation or Engineered Plantations:  It is believed that the ET 

(evapotranspiration) for a given plume area can be increased by approximately 

500mm/annum on average to assist with the interception of shallow groundwater 

seepage.  This is considering the mean annual rainfall of 600 to 700mm/annum for 

the VR region.  This results in a net gain of 0.5 m3/m2/year or 14 m3/ha/day.  The 

effect on potential salt accumulation and salt up take also need to be assessed. 

• Bio-treatment and other passive treatment of sulfate rich water opposed to RO 

Treatment technologies. 
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• Wetland applications. 

• Other engineered options to reduce seepage from the existing Kareerand TSF. 

• The feasibility of directional drilling and the installation of horizontal boreholes 

needs to be determined and assessed and will form part of the future assessments. 
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20 APPENDIX A – OVERVIEW OF EXISTING INFORMATION 

1. GCS, 2008 (ref JM.B.06.272) The 2008 Preliminary and Baseline Hydrogeological 

Assessments for EIA conducted for Simmer and Jack Mines and First Uranium.  This 

report will be electronically available on request and was included in the original 

application process.  This assessment was originally conducted on the farms 

Kareerand, Kiepersol, Wildebeestpan and Buffelsfontein and in general the focus was 

to the west of where the current TSF is located.  The western half of the proposed 

area is underlain by Andesitic Lava of the Pretoria Group of the Transvaal Sequence 

and the eastern part of the site by Diabase of the Hekpoort formation. Figure 20-1 

shows the geological setting for the area and the geophysical traverses completed in 

2007/2008.  It must be noted that limited drilling and pump testing has been 

conducted initially and that more work was proposed.  Because the site position was 

changed after the field work was completed only 5 of the 12 drilled boreholes were 

situated at current TSF (see borehole data in table below for boreholes BH6 to BH10).  

Twelve new boreholes were drilled during the time of the investigation (September 

2008).  Some of the boreholes on the southern side of the project area were 

constructed with uPVC casing to serve as long-term monitoring boreholes (refer to 

Table 20-1).   

 

Figure 20-1:  Magnetic survey lines conducted in 2008 
 



Mine Waste Solutions  Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 118 

 
Table 20-1:  Description of newly drilled boreholes for the Area 2 site 

BH 
No 

Easting Northing 
Z 

(mamsl) 

BH 
Depth 
(mbgl) 

Water 
Strike 
(mbgl) 

Blow 
Yield 
(l/sec) 

Wl (mbgl) 
(24 Sept 

2008) 

Wl 
Elevation 
(mamsl) 

Geology 

BH1 15493.33 2974254.88 1331.00 50 None None Dry   
Chert/ 
Dolomite 

BH2 15038.13 2975196.14 1326.00 30 None None Dry   
Chert/ 
Dolomite 

BH3 14391.13 2976245.79 1317.00 45 34 0.3 10.85 1305.89 Andesitic lava 

BH4 14995.71 2978274.18 1310.00 50 None None Dry 1295.64 
Chert, shale, 
Andesitic lava 

BH5 13159.67 2977742.49 1298.00 30 24 0.5 11.22 1286.57 
Chert, 
Andesitic lava 

BH6 12285.72 2976530.54 1308.00 42 None None Dry 1290.04 

Conglomerat
e/Quartzite, 
Lava, Shale 

BH7 12176.61 2977583.58 1304.00 24 16 1.0 9.8 1294.02 
Andesitic 
lava 

BH8 11042.39 2973767.09 1327.00 30 30 0.2 13.65 1313.19 Diabase 

BH9 9710.78 2975214.17 1334.00 48 None None Dry 1313.30 Diabase 

BH10 10446.06 2977523.88 1322.00 50 None None Dry 1273.09 Diabase 

BH11 13720.73 2977900.43 1298.00 30 18 0.7 2.94 1294.88 Andesitic lava 

BH12 13482.27 2974247.02 1331.00 30 None None Dry 1302.88 Andesitic lava 

 

* Collar elevation data was obtained from map readings, no field survey data available. 

 

Access to some of the farms to the east was limited and for some no access was allowed.  

The following main conclusions were made from the initial baseline assessment.  

• Numerical mass transport modelling indicates that the predicted contamination 

plume will reach the Vaal River to the south of the site and nearly to the east of 

the site.  This can lead to long-term groundwater pollution of the aquifer system.  

However, no existing groundwater users are located within the predicted plume 

areas.  It is recommended that the status of groundwater users be confirmed.  

Refer to Figure 20-3 which was updated in follow up site assessments in 2009, 

2011, 2013 and 2015). 

• During the time of the initial investigation several mitigation options were 

suggested and these are graphically presented in Figure 20-2, which indicates 

proposed tree plantations to intercept seepage. 

• Construct and implement groundwater interception mechanisms in certain areas 

with high hydraulic conductivity which appears to be the area around the 

proposed return water dam complex. 

• No unsaturated seepage modelling was conducted during the baseline assessment 

phase and seepage was based on simplified Darcy equation calculations and 

assumptions (Table 20-2). 
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Table 20-2:  Estimated artificial recharge values to be applied in the numerical model 
for Area 1 and 2 (GCS 2008) 

Area (ha) 
Hydraulic 
gradient 

Effective vertical 
hydraulic 

conductivity 
(m/d) 

Effective 
vertical 

hydraulic 
conductivity 

(m/sec) 

Darcy 
flux 

(m/d) per 
unit m2 

Tot. pot. 
seep rate 

(m3/d) 

mm 
day 

mm/year 

1000 1.0 0.00030 3.47222E-09 0.0003 3,000.00 0.3 109.5 

1000 1.0 0.00050 5.78704E-09 0.0005 5,000.00 0.5 182.5 

1000 1.0 0.00080 9.25926E-09 0.0008 8,000.00 0.8 292 

 

 

 
Figure 20-2:  predicted 100 years sulfate plume and Proposed mitigation measures (GCS 
2008) 
 

Proposed Tree 
Plantation 

Abstraction of 
interception boreholes 
within the BH7 (A) area 
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Figure 20-3 Topographical setting of the Kareerand area  
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All the original reports can be obtained on request: 

2. Report on the Geotechnical Investigation for the proposed Chemwes Mega Dam, 

Report J09-pp1/1, May 2009 by Bear GeoConsultants.  This report discuss the 

geological and geotechnical observations made during the field work and also supply 

recommendations.    

3. Frazer Alexander, 30/11/09 CHEMWES MEGA DAM SEEPAGE ANALYSES – SCENARIOS 

AND PARAMETERS and Initial Design Reports,.  This information contain the initial 

design reports in terms of: 

a. Basin Hydrology, 

b. Dust 

c. Side Slope Hydrology 

4. Groundwater Consulting Services.  Mine Waste Solutions New Tailings Dam Project 

Follow-up Hydrogeological Assessment for the proposed TSF development site. 

Version:–2nd Draft for Discussion, 8 December 2009.     

A follow up report was conducted in late 2009 to further undertake numerical 

groundwater model predictions.  The report was also based on the discussions held 

between GCS and MWS with Metago’s Alistair James; during the 23 November 2009 

meeting it was decided to supply feedback in terms of the following main aspects: 

• To apply three different seepage rates in the MODFLOW model: 

a. Low Range:  Probable seepage as per the KP (Knight Piésold Ltd) Seepage 

Model (800 to 1500 m3/day) 

b. Mid-Range:  As per the 2008 groundwater model (3500 to 4500 m3/day), 

c. High Range:  A Maximum of 10 000 m3/day. 

• Re-assess source quality range by sampling of the existing Daggafontein TSF under-

drain system and analyse for a wider range of chemical parameters. 

• Confirm salt load into Vaal River and risk for other possible groundwater resources in 

the area.  Suggest mitigation options accordingly. 

• Look at reduction of total salt load by consider reclamation of old TSFs as historical 

sources of contamination. 

The following supplies an overview of the main findings of this follow up assessments 

conducted by GCS in 2009: 

• Samples obtained from the existing and redundant Daggafontein Cyclone TSF 

indicates a maximum sulfate concentration of 4350 mg/l, a minimum pH of 4.5 with 

the main metals leached from the tailings Iron and Manganese.  Trace elements of 

concern are arsenic, cobalt, lead, nickel and uranium. 
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• Seepage will occur around the TSF for the high flow scenario only.  This means that 

groundwater will start to daylight around the TSF and contaminants will be exposed 

to shallow groundwater, soils and surface run-off.  The apparent seepage area is 

presented in Section 4.  It is fair to assume that a seepage amount > 8500 m3/day 

will start to create surface seepage around the TSF.   

• It is evident from the model prediction that farm boreholes HC6, HC5 and HC4 will 

be impacted on (refer to Figure 20-3 above for the localities of these boreholes). 

• It is important that the impact on the receiving water body be understood before 

mitigation options are considered.  It is believed that if the proposed engineered 

draining system of the proposed TSF will be functional that the LOW seepage scenario 

will be applicable.  If the drain system is not 100% effective then the MID flow 

scenario is applicable.  It is further believed that the HIGH flow scenario is unlikely 

if the drain system works effectively.  However, it is important that the proposed 

engineered technology be confirmed and signed-off and that routine follow up 

seepage assessments be completed to confirm. 

Note: During the 2015 hydrogeological survey it is evident that the under drain and 

herring-bone drain system work to a certain degree.  However, due to the location 

of the central drain system, significant amounts of seepage will still occur between 

the wall drains and the central drain system.  Currently it appear if seepage range 

between the mid and high range when comparing to the 2009 report.  

• It is evident from the Vaal River Salt load tables that the impact on the Vaal River 

will be insignificant for the Low Flow scenario, small for the Mid Flow Scenario and 

high for the high flow scenario. 

• The overall KOSH salt load will be reduced by the proposed reclamation project and 

the Kareerand TSF must be considered in this point of view also.  Reclamation and 

subsequent rehabilitation of the old TSFs will reduce total salt load significantly.  The 

2009 report suggest:  Reclamation and subsequent rehabilitation of the old TSFs will 

therefore reduce total salt load into the KOSH area by more than 50%.  If the new 

dam is built the seepage will reduce to almost half and the load will also reduce 

with more than 50%. 

Based on the 2009 report, the following mitigation actions can be considered (please note 

that these concepts need to be assessed in detail to determine the feasibility and capital 

costs).  The following are only indicative and based on rough estimates and the detail and 

maps can be viewed from the old report): 
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• Employing “woodlands” (indigenous and exotic plantation blocks) for bioengineering 

purposes to help prevent polluted water within the weathered aquifer zone (shallow 

seepage in close proximity of the TSF) from entering the Vaal River, to help contain 

and minimise the extent of further pollution from entering and exiting the ground 

water system, and to contribute to the general rehabilitation of the environment and 

landscape in terms of mine closure procedures.  The 2009 report also suggest an area 

of 450ha to be planted.   

• A shallow interception trench can also be considered where shallow groundwater 

seepage up to a depth of about 3 to 4 meters below surface be intercepted.  It is 

anticipated that a total length of approximately 4200 m will be required.  This will 

create an active interception area of 4200m length by 3.5 m deep which equates to 

14700 m2.  This application will only intercept about 500 to 1000 m3/day and can cost 

about R14 M.   

• Interception borehole system can be considered where about 20 to 30 shallow 

boreholes (in the region of 20m depth) be pumped during the operational phase and 

after closure.   

• Combination of above. 

• It is not believed that any wetland system will be functional due to the fairly high 

frost rate in the winter months but must be further explored. 

 

5. Knight Piésold (Pty) Limited, 2010.  FIRST URANIUM CHEMWES TAILINGS ESTIMATION 

OF WATER FLUX AND WATER VOLUME EXPECTED TO SEEP FROM THE FINAL VERSION: 

PROJECT NO. RI301-00204/01 08/02/2010.   

6. CHEMWES MEGA DAM CONSTRUCTION DRAWING SCHEDULE PHASE 1- final design 

20/05/10.  Issued by Beric Robinson PrEng, Frazer Alexander, 2010.   

7. Terraqua. (2011). Kromdraai Farm Specialist Groundwater Investigation. Gonubie: 

Terraqua.   

8. KAREERAND: RESISTIVITY SURVEY, R.W.Day. Pr.Sci.Nat, 18th June, 2013.   

9. Groundwater Consulting Service. (2013). AGA Follow up Hydrgeological assessment: 

Groundwater requirements for the Kareerand TSF, Reclamation sites and plant area. 

GCS.   
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10. Kareerand Tailings Storage Facility: Groundwater seepage investigation and 

interception boreholes, AngloGold Ashanti, 2013. REFERENCE NUMBER: VR0783/MWS-

Kareerand TSF/WAT/GW/2013.  The origin of the groundwater seepage, 

identification of the pathway and a recommended borehole curtain of 4 boreholes to 

intercept 15 to 20 l/s as seep for re-u se is discussed.   

11. Kromdraai groundwater investigation: Possible water resource to Kareerand Tailings 

Storage Facility, conducted by AngloGold Ashanti, September 2013.   

12. Environmental Geochemical Assessment of the Kareerand Tailings Storage Facility, 

GCS and Geostratum, June 2013.   

13. Kareerand Hydrogeological Discussion Document, Version 0.3, Final, 15 February 

2016, GCS Project Number: 15-345. 

14. Final Construction Specification for the Kareerand Tailings Storage Facility Cover.  

Agreenco, August 2016. 

15. ENVIRONMENTAL GEOCHEMICAL REPORT ASSESSMENT OF THE POTENTIAL SEEPAGE 

WATER QUALITY FROM THE KAREERAND TAILINGS STORAGE FACILITY.  Geostratum 

from AgreenCo, January 2019. 

16. Kareerand Extension Tailing Facility – Seepage Modelling: Post Closure Phase.  

Terrasim from AgreenCo, May 2019. 

17. KAREERANDTSF EXTENSION PROJECT – ENGINEERING DESIGN: LINER DESIGN FOR THE 

EXTENSION AND EXISTING TSF.  KP, Jul 2019. 

18. KAREERAND TSF EXTENSION PROJECT: SEEPAGE ANALYSIS UNDER THE EXISTING TSF, 

KP March 2020. 
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21 APPENDIX B – 2017 HYDROCENSUS DESCRIPTION TABLE  
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Site ID 
Field 

ID 
Date 

Visited 
Water 
Sample 

Farm 
Owner 

S 
Coordinate 
(lat) WGS84 

E Coordinate 
(long) WGS84 

Alt 
(mamsl) 

WL 
(mbgl) 
(2008) 

WL 
(mbgl) 
(2017) 

Collar 
Height 

(m) 

BH 
Depth 
(m) 

Equipment Water Use Comments Photographic References 

HC01   15-Nov-17 Y 
Sally 

Barraclough 
-26.93409 26.92156 1302 13.67 13.85 0.2   

Submersible 
pump 

Domestic 
Water is used for domestic purpose in the farm owner's household after 

filtered. 

 

HC02   15-Nov-17 Y 
Sally 

Barraclough 
-26.95313 26.92201 1303 21.78 22.05 0   

Submersible 
pump 

General 
Water was used for domestic purpose but is now only used in the 

workshop. 

 

HC03   15-Nov-17 N 
Sally 

Barraclough 
-26.9412 26.92 1305         Wind pump No Use Windpump is broken, no current use. 

 

HC04   15-Nov-17 N 
Sally 

Barraclough 
-26.91698 26.90824 1329 35.93 36.11 0.48   None Unused 

Unused borehole that used to have a wind pump. Closed with a stone 
on top. 

 

HC05   15-Nov-17 N 
Sally 

Barraclough 
-26.91431 26.90788 1333         None Unused 

Dry borehole that used to have a wind pump and a concrete tank. It is 
no longer used and the pump was removed. 

 

HC06   15-Nov-17 N 
Sally 

Barraclough 
-26.91279 26.91615 1302 10.22   0.3   None 

Irrigation/ 
Stock Water 

Mono pump 

 

HC07   15-Nov-17 Y 
Sally 

Barraclough 
-26.92209 26.89776 1310         Wind pump 

Stock 
watering 

Water is pumped into a concrete tank and used for stock watering 
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Site ID 
Field 

ID 
Date 

Visited 
Water 
Sample 

Farm 
Owner 

S 
Coordinate 
(lat) WGS84 

E Coordinate 
(long) WGS84 

Alt 
(mamsl) 

WL 
(mbgl) 
(2008) 

WL 
(mbgl) 
(2017) 

Collar 
Height 

(m) 

BH 
Depth 
(m) 

Equipment Water Use Comments Photographic References 

HC08   07-Nov-17 N 
Farm North 
of TSF (AGA 
Property) 

-26.87024 26.90089 1327 
Blocke
d 

      None 
Stock 

watering 
The borehole is blocked by the bee hive. Water is only pumped out by 

using a submersible pump and an electric generator.  

 

HC09   07-Nov-17 N 
Farm North 
of TSF (AGA 
Property) 

-26.8719 26.89553 1328 

Could 
not be 
measur
ed 

      Mono pump 
Stock 

watering 

Borehole was equipped with a diesel monopump in 2008. Borehole open 
during Nov 2017, bees invaded BH, need to go back to see if WL can be 

measured. 

 

HC10   07-Nov-17 N 
Farm North 
of TSF (AGA 
Property) 

-26.87073 26.89537 1323 
Blocke
d 

      None Unused 
Old, open borehole that used to have a pump, but is now blocked and 

not used anymore. 

 

HC11   07-Nov-17 Y 
Farm North 
of TSF (AGA 
Property - ) 

-26.86183 26.89365 1332   20.57     None Unused Not in use. 

 

HC12   06-Nov-17 N 

Wildebeespa
n, north 

west of TSF 
(AGA??) 

-26.87836 26.86422 1328 21.82       None Unused Blocked at 6m 

 

HC13   07-Nov-17 Y AGA -26.90443 26.8602 1304         Wind pump 
Stock 

watering 
Wind pump with a small dam constructed next to it. Used in the game 

farm for stock watering. 
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Site ID 
Field 

ID 
Date 

Visited 
Water 
Sample 

Farm 
Owner 

S 
Coordinate 
(lat) WGS84 

E Coordinate 
(long) WGS84 

Alt 
(mamsl) 

WL 
(mbgl) 
(2008) 

WL 
(mbgl) 
(2017) 

Collar 
Height 

(m) 

BH 
Depth 
(m) 

Equipment Water Use Comments Photographic References 

HC14   07-Nov-17 N AGA -26.911091 26.851957 1310       

 
 
 
 
 
 
 
 
 
 
 
  

Wind pump 
Stock 

watering 
Wind pump with a small dam constructed next to it. Used in the game 

farm for stock watering 

 

HC15 HC101 07-Nov-17 N 
Farm north 

(AGA) 
-26.87027 26.899109 1325         None Unused Blocked at 0.8m. 

 

HC16 HC102 07-Nov-17 N 
Farm north 
west (AGA) 

-26.869003 26.883257 1334         None Unused Blocked at 0.6m 

 

HC17 HC104 08-Nov-17 N 

Farm  west 
on proposed 

new 
expansion 

(AGA) 

-26.87515 26.87552 1328   19.95     None Unused 
BH blocked just below the water level of 19.95, no water sample. Old 

open BH 

 

HC19 BH108B 06-Nov-17 Y 
AGA West of 
main gate 

-26.89109 26.87262 1320   28.31     None Unused 
Open BH close to the newly drilled BH38, casing closed and managed to 

obtain sample and WL 

 

HC20 HC105 09-Nov-17 N 

Nicolaas 
Maree 

Kromdraai 
(082 

8755077) 

-26.87243 26.91224 1316         Wind pump 
Stock 

watering 
Farm BH used for stock watering 

 

HC21 
HC106 
/ JvW3 

09-Nov-17 Y 

Umfula at 
Old Farm 

House east 
of TSF 

-26.89309 26.91469 1313   22.78   24 None Unused Open BH at Old farm house, not used 
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Site ID 
Field 

ID 
Date 

Visited 
Water 
Sample 

Farm 
Owner 

S 
Coordinate 
(lat) WGS84 

E Coordinate 
(long) WGS84 

Alt 
(mamsl) 

WL 
(mbgl) 
(2008) 

WL 
(mbgl) 
(2017) 

Collar 
Height 

(m) 

BH 
Depth 
(m) 

Equipment Water Use Comments Photographic References 

HC22 
HC107 
/ JvW1 

09-Nov-17 N 

Umfula main 
water 

supply BH 
next to SE 
corner of 

TSF. 

-26.89962 26.90204 1333         Mono pump 

used for river 
plots and 
human 

consumption 

 

Mono pump in pump house, BH used for game farm watering 
and houses next to river.  Limited use currently 

 

 

HC23 
HC108/ 
JvW2 

09-Nov-17 Y 
Old BH in 
Umfula 

-26.88235 26.90881 1329   10.33   33 None Unused 
Open BH in Umfula, formally production wind pump for farm. Not used 

currently. 

 

HC24 
HC109/ 
JvW4 

09-Nov-17 Y Umfula -26.90325 26.9188 1304   7.33   58 None Unused Open BH close to Vaal River and houses in Umfula area 

 

HC25 
HC110/
JvW11 

09-Nov-17 Y 
Just outside 
Umfula Gate 

-26.88849 26.92026 1307   9.49   50 None Unused Open BH just outside Umfula Gate with Old tank stand.  BH not in use. 

 

HC26 JvW10 06-Nov-17 N 
Wildebeespa
n,  west of 
TSF (AGA) 

-26.88599 26.85488 1327         None Unused Old Farm BH next to concrete farm dam.  Blocked at 12m. 

 

HC27 Nic 09-Nov-17 Y 

Nicolaas 
Maree 

Kromdraai 
(082 

8755077) 

-26.871782 26.926325 1311         
Submersible 

pump 
household In use for domestic use at Nicolaas farm house  

HC28   06-Nov-17 N West -26.883509 26.86083 1324         None Unused Old Farm BH, blocked and not in use 
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Site ID 
Field 

ID 
Date 

Visited 
Water 
Sample 

Farm 
Owner 

S 
Coordinate 
(lat) WGS84 

E Coordinate 
(long) WGS84 

Alt 
(mamsl) 

WL 
(mbgl) 
(2008) 

WL 
(mbgl) 
(2017) 

Collar 
Height 

(m) 

BH 
Depth 
(m) 

Equipment Water Use Comments Photographic References 

HC29   06-Nov-17 N West -26.878342 26.864193 1332         None Unused Old farm BH, blocked and not in use 

  

HC30   08-Nov-17 N West -26.87496 26.875385 1328         None Unused Looks like old mine exploration BH- no access into BH 

 

HC31   09-Nov-17 N West -26.874292 26.882977 1325         None Unused Looks like old mine exploration BH- no access into BH 
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22 APPENDIX C – GEOPHYSICAL SURVEY DATA 

A resistivity surveys was conducted to the south of the site in 2013 and around the TSF in 

2015.  EM and Magnetic surveys was completed in 2008 and 2011. 

22.1 November 2015 

In November 2015 the southern and eastern side of the Kareerand TSF was surveyed for 

resistivity and 7 profiles were completed.  Refer to Table 22-1 for the start and end 

coordinates, Figure 22-1 show the positions of the profiles. 

Figure 22-2 to Figure 22-4 shows the 2D profiles.  It is evident that a consistent low resistance 

layer extend across the Kareerand area and it is believed that most of the seepage from the 

TSF can be captured within this top zone. 

Table 22-1:  Start (S) and end (E) coordinates for the four surveyed traverses 

Traverse IDs 
Start End 

X Y X Y 

1 26.900603 -26.901201 26.90294 -26.894927 

2 26.899319 -26.900815 26.903301 -26.89245 

3 26.903647 -26.891768 26.903413 -26.881909 

4 26.899088 -26.904318 26.900756 -26.901083 

5 26.905386 -26.887129 26.904439 -26.882616 

6 26.897846 -26.905683 26.88897 -26.904827 

7 26.877799 -26.903009 26.888647 -26.904874 

 

 

Figure 22-1:  The geophysical profiles (Profiles 1 to 7) superimposed on to the 
geological extract (sheet 2626) from a 1:250 00 geological map 
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Figure 22-2:  Inverted models for electrical resistivity data obtained along Traverse 7 and Traverse 6 
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Figure 22-3:  Inverted models for electrical resistivity data obtained along Traverse 2, Traverse 1 and Traverse 4 
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Figure 22-4:  Inverted models for electrical resistivity data obtained along Traverse 3 and Traverse 5  
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22.2 June 2015 

The first set of survey lines comprised a two (2) profiles (Profile_01 and Profile_02) surveyed 

in the South-north direction in the vicinity of the Kareerand TSF (refer to Figure 22-5 and 

Figure 22-8). The two other profiles (Profile 3 and Profile 4) were surveyed further 

downstream of the Kareerand TSF. Profile 3 was surveyed in the southeast-northwest 

direction while Profile 4 was surveyed in the northeast-southwest direction across (and 

almost perpendicular to) Profile 3. 

 

Figure 22-5:  The geophysical profiles (Profiles 1 to 4) superimposed on to the 
geological extract (sheet 2626) from a 1:250 00 geological map 
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22.3 Profile 1 and 2 

Profiles 1 in Figure 22-6 generally shows an anomalous area of low resistance (≤29 Ωm) almost 

across the entire model. The surveyed area was visually waterlogged during the survey; 

consequently, the high conductivity (low resistivity) zones could be attributed to the 

combination of an extensive moisture saturation and clay. An interesting characteristic of 

this model is the extension of the low conductance to the deeper depths. The reason behind 

this characteristic is not, at this stage, known but the first guesstimate may be that the 

shallow moisture possibly recharges the deeper aquifer system prompting a recommendation 

for a deep monitoring well at 𝑥≈95 m and/or 165 m along the survey profile.  

At about 200 m distance from the end of Profile 1, Profile 2 was surveyed. Profile 2 survey 

results seem to be in agreement with the results of Profile 1; Profile 1 ends with a high 

conductance zone and Profile 2 commences with a similar zone of low conductance.  

The only notable difference between the two inversion models (Profile 1 and Profile 2) is that 

the high conductance zone is relatively shallow (generally 𝑧≈11 mbgl) across the model and 

almost deepens at 𝑥≈300 m; consequently, a shallow monitoring well is proposed. Underlying 

a conductive zone is potentially a diabase (as per the geological map) substratum which is 

notably weakened (≈29 Ωm<x≤≈190 Ωm) from the start of the model to 𝑥≈200 m.  

This could potentially be as a result of geological weakening (fracturing/weathering) of the 

diabase basement rock or a hanging wall of a fault; therefore, it could be advisable to place 

a deep monitoring well at 𝑥≈160 m. 
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Figure 22-6:  Inverted models for electrical resistivity data obtained along Profiles 1 
and 2. 
 

22.1 Profile 3 and 4 

Profiles 3 in Figure 22-7 generally shows an anomalous area of low resistance (≤21 Ωm) at 

𝒛≈18 mbgl and could be attributed to the combination of high moisture saturation and clay. 

This zone of conductance proceeds from the start to the end of the model and is underlain 

by a zone or relatively high resistivity values (≥206) which could represent massive quartzite 

(as per the geological map) substratum showing no major indication of potential seepage 

zones. It is recommended that a shallow monitoring well be placed preferably at 𝒙≈240 m to 

monitor the suspected shallow seepage depicted by the model. 

Profile 4 shows almost similar characteristics as those of Profile 3 although the model shows 

relatively suppressed resistivity values (approximately between 44 Ωm and 206 Ωm) 

potentially representing a hanging wall of a fault or weathered/fractured quartzite 

substratum from the start of the model to approximately 𝒙=205 m. From 𝒙≈205 m onwards, 

the model shows a flat thick chunk of massive quartzitic substratum with resistivity of about 

≥443 Ωm and showing no signs of potential seepage zones. During the survey, the ground 

surface was visually swampy, with running water in places, especially between 𝒙≈ 210 m and 

𝒙≈240 m which could be linked to the low conductance characterising the model. The 
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conductive zone is generally 𝒛≈18 m deep but deeper (𝒛>26 mbgl) from the start of the model 

to 𝒙≈80 m. The installation of two shallow monitoring borehole are therefore recommended 

on this profile, one at 𝒙≈40 m and the second at x≈220 m. 

 

Figure 22-7:  Inverted models for electrical resistivity data obtained along Profile 3 and 
Profile 4. 
 

22.2 2013 Geophysics 

The resistivity models show a conductor of variable thickness overlying resistive basement.  

There are departures from this idealised description of the models: for example, lateral 

variations outline vertical conductors within resistive basement at the southern end of line 2 

and between 480 and 640 metres on the same line (figure 3); sub-horizontal layers are defined 

by a resistor overlying more conductive material on line 4 (Figure 5); and a conductive block 

is capped by a horizontal resistor between 280 and 600 metres on line 1 (figure 2). The surface 

conductor is taken to be a saturated layer of weathered and fractured rock whilst resistive 

basement probably represents less porous and fresher rock. Variations within basement are 

likely to reflect an increased density of joints, possibly marking faults. 
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22.3 Test Pits 2015 

Fifteen (15) test pits were dug using a Hyundai 210LC Track Mounted Excavator on 23 and 24 

June 2015.  The main objective of the tests pits was to look for and visible seepage zones 

and to look at the geological profiles.  The maximum depth of the tests were around 4m as 

this was the ability of the excavator used.  Table 22-2 below supply a summary of the test 

pit locations and Figure 22-8 the localities.  The test pit logs are available on request. 

Table 22-2:  2015 test Pit Descriptions 

Hole ID Easting Northing Depth Observations 
Field TDS 

[mg/l] 

TP1 E26.876 S26.88731 4.0m in clay 
Seepage Zone at 1.95m, water inflows at 
2.3m (5cm diameter inflows).   

TP2 E26.8765 S26.88662 4.0m on diabase Moderate seepage at 0.8m   

TP3 E26.87728 S26.88585 3.8m on diabase Moderate seepage at 2m   

TP4 E26.87803 S26.88536 3.7m  on diabase 
Moderate to strong seepage from 2 to 
3.6m 610 

TP5 E26.87915 S26.88486 3.8m on clay 
Damp zone on 0.9 - 1.5m and low seepage 
at 3.6m   

TP6 E26.88203 S26.88378 3.7m on diabase 
Low seepage at 0.8m no seepage lower 
only damp.   

TP7 E26.88802 S26.88425 3.6m on diabase medium seepage at 2m   

TP8 E26.88331 S2688335 3.8m on diabase Low to medium seepage at 3.2m   

TP9 E26.88625 S26.88233 3.4m on diabase 
Medium seepage at 2m and low seepage at 
3.4m   

TP10 E26.89588 S26.87893 2.4m on diabase Medium seepage at 1.5m   

TP11 E26.89532 S26.8786 0.4 on boulders Area is wet 1430 

TP12 E26.89627 S26.87871 2.8m on Diabase Minor seepage at 1.9m   

TP13 E26.89953 S26.8792 3.1m on Diabase Low seepage at 1.5, 2.3 and 3.1m   

TP14 E26.89765 S26.87815 3.0m on Diabase Minor seepage at 2.4m   

TP15 E26.89827 S26.87857 2.4m on Diabase Only Minor seepage 

2560 in 
wet 
surface 
ponds  

Yard Pit E26.89643 S26.88029 ± 4.2m 
High seepage rate take about 6 hours to 
fill pit 1440 
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Figure 22-8:  A Google satellite image showing the positions and orientations of Profile 1 to 4 at Kareerand TSF 
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22.4 Test Pits 2009 

At the request of Mr B Robinson of Fraser Alexander Group Services, a geotechnical 

investigation was conducted by Bear Geo Consultants in 2009 and was supplementary to a 

previous geotechnical investigation done by Mr K Schwartz.  This investigation follows on from 

the geotechnical investigation carried out by Schwartz (Ref.1). It was conducted in January 

2009 and comprised the excavation of thirty test pits. Three test pits were dug using a Komatsu 

PC200 Track Mounted Excavator and the other 27 test pits using two Cat 424D TLBs (Tractor-

Loader- Backhoe).  Refer to Figure 22-9. 

The following supply some of the key points from this study: 

• No ground water was encountered in any of the test pits. 

• The soils are relatively deep (2 to 3 m) over residual diabase and comprise mainly fine 

silty but sometimes clayey sands. 

• The transported and reworked soil horizons can be stockpiled for future cover material 

for the tailings dam, although it lacks coarse material to be ideal. The residual diabase 

horizon beneath will be suitable for the heel wall. 

• The western side of the site has a thick alluvial cover consisting of highly expansive 

clay. This material is neither suitable for construction of earthworks nor as a founding 

horizon. It is recommended that a key trench be excavated through this alluvium to 

the underlying residual soils beneath the high heel wall. The alluvium will also need 

to be removed beneath the access roads, buildings and pump stations. 

• The walls will otherwise need to be constructed with residual diabase borrowed from 

within the tailings dam basin borrow area. 

• The eastern portion of the site is blanketed by a transported horizon considered to be 

hillwash in origin. This horizon comprises red brown, medium dense silty sand and was 

often recorded as clayey sand. The thickness of this horizon is generally 0,80 m 

although the maximum thickness is as much as 1,60 m. Ferruginous concretions were 

often found throughout this horizon. 

• The proposed borrow area can be seen from Figure 22-9 below. 
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Figure 22-9:  Map showing the 2009 Test Pits and proposed borrow area 
 

22.5 2008 and 2009 Magnetic and EM Surveys 

The following table (refer to Table 22-3) provides an overview of the magnetic lines that were 

completed during the field survey and Figure 22-10 gives the line positions.  The data from 

the survey and a more detailed discussion can be obtained from the old 2008 reports.   

Table 22-3:  Summary of magnetic line distances 

Line ID Start East Start South End East End South Line Distance (km) 

Line 1  26.83906 26.87924 26.85922 26.91185 4.31 

Line 2 26.86174 26.9112 26.8439 26.87889 3.9 

Line 3 26.84446 26.90345 26.89863 26.89326 5.05 

Line 4 26.84498 26.91189 26.88901 26.90221 4.66 

Line 5 26.8468 26.91615 26.88758 26.90688 4.3 

Line 6 26.88828 26.87246 26.87717 26.90902 4.13 

Line 7 26.90173 26.87991 26.89369 26.9109 3.3 

Line 8 26.85798 -26.86949 26.87349 26.90497 5.04 
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Line 9 26.84963 26.89365 26.88104 26.86695 4.5 

It can be seen from the 2008 Hydrogeological Assessment report (GCS, 2008) that several 

magnetic anomalies were encountered during the magnetic survey.  The more apparent 

magnetic anomalies and data changes were associated with geology change.  For instance; 

when a line was completed from the west to east, geology changes were from dolomite to 

chert bands, to shale bands to andesitic lava and lastly to the diabase zone.  Several anomalies 

were encountered between the lava and shale/quartzite zones towards the south western side 

of the proposed TSF and also where the proposed return water dams are planned for.  The 

obtained anomalies can be seen on Figure 22-10.  Borehole BH 7 was drilled on anomaly “J” 

and a fracture zone was encountered on 16 m; the borehole yielded approximately 1l/sec. 

 

 
Figure 22-10:  Magnetic anomaly zones for the Area 2 site 
 

 

  

Anomaly 
cluster zone 
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23 APPENDIX D – OBSERVATION BOREHOLE INFORMATION 

 



 Mine Waste Solutions Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 147 

BH ID Date WGS 84 LAT WGS 84 LONG 
Z 
(mamsl) 

Description WL (m) 
Collar 
Height 
(m) 

Depth 
(mbgl)) 

Water 
Strike 
(mbgl) 

Blow Yield 
(l/hr) 
(estimated 
airlift rate) 

Blow Yield 
(l/sec)  
(estimated 
airlift rate) 

Geology 

BH37 06-Nov-17 -26.890953 26.875245 1316.26 Drilled on Geo Line 9.  West of existing TSF 6.55 0.60 36 26, 28 2000 0.56 
Clayey weathered shale, weathered diabase , 
fresh diabase 

BH38 07-Nov-17 -26.890928 26.873040 1319.44 Drilled on Geo Line 9.  West 28.11 0.62 54 53 1000 0.28 Shale 

BH39 07-Nov-17 -26.888712 26.877003 1316.22 Drilled on Geo Line 10.  West 4.87 0.50 30 
11,21 and 
26 

50000 13.89 Weathered (clayey) Diabase and diabase 

BH40 08-Nov-17 -26.891540 26.876966 1313.17 start of ERT Line.  West 3.78 0.50 42 34, 38 2000 0.56 
Predominantly Shale, weathered claye to 
hard baked and fresh 

BH41 08-Nov-17 -26.884118 26.878654 1320.08 Drilled on Geo Line 11. West 6.04 0.52 18 8, 9 2000 0.56 
Weathered shale, hard baked shale and 
diabase 

BH42 09-Nov-17 -26.879757 26.878389 1323.59 Drilled on Geo Line 12. West 8.93 0.47 30 26 1000 0.28 Shale and Diabase 

BH43 09-Nov-17 -26.875182 26.881845 1324.75 Drilled on Geo Line 13. West 5.63 0.54 42 22 100 0.03 Clay, weathered siltstone, Diabase 

BH44 10-Nov-17 -26.870651 26.883882 1327.67 Drilled on Geo Line 14. West 13.32 0.56 42 22 100 0.03 Predominantly Shale 

BH45 13-Nov-17 -26.879753 26.875276 1325.49 Drilled on Geo Line 12. West 12.70   42 34 1000 0.28 Predominantly Shale 

BH46 14-Nov-17 -26.870710 26.899580 1325.16 Drilled on Geo Line 14. North 7.16 0.38 30 22 12000 3.33 Weathered Diabase and Diabase 

BH47 15-Nov-17 -26.870690 26.891220 1327.31 Drilled on Geo Line 14. North 6.11 0.49 36 25 500 0.14 Weathered Diabase and Diabase 

BH48 15-Nov-17 -26.873180 26.909210 1319.20 
Line 6/800. Borehole backfilled and moved 
to BH49 

    12   20 0.01 Shallow very hard diabase/solid 

BH49 16-Nov-17 -26.872450 26.909200 1319.93 Line 6/720 12.95   24 19 2000 0.56 Shallow very hard diabase/solid 

BH50 16-Nov-17 -26.902410 26.906710 1327.78 
Line 5/2220 - South East, 1st attempt.  
Borehole backfilled 

    42   20 0.01 Predominantly Shale 

BH51 17-Nov-17 -26.904320 26.906650 1327.66 Line 5 - South East, 2nd attempt 30.90   48 37 1000 0.28 
Clay and boulder 8m, highly We Diabase 30m, 
Diabase 

BH52 21-Nov-17 -26.893120 26.909325 1331.68 Line 5/1160 - East 17.95   42 29 4000 1.11 
Clay and boulder 2m, highly We Diabase 29m, 
Diabase 

BH53 21-Nov-17 -26.887100 26.909190 1334.63 Line North East, 1st attempt, backfilled     12   20 0.01 Clay and boulder 4m,  Diabase 

BH54 22-Nov-17 -26.886230 26.909190 1332.51 Line North East, 2nd attempt, backfilled     6   20 0.01 Clay and boulder 2m,  Diabase 

BH55 22-Nov-17 -26.884880 26.909340 1329.36 Install monitoring BH 10.33   24   100 0.03 Clay and boulder 6m, boulders 9m,   Diabase 

BH56 23-Nov-17 -26.872550 26.903039 1325.10 Line 13 4.80   12 5 2000 0.56 Clay  6m,   Diabase 

BH57 24-Nov-17 -26.875238 26.897041 1325.23 Line 13 1.30   24 19, 20 30000 8.33 Highly We Diabase 20m, Fractured diabase 
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BH ID Date WGS 84 LAT WGS 84 LONG 
Z 
(mamsl) 

Description WL (m) 
Collar 
Height 
(m) 

Depth 
(mbgl)) 

Water 
Strike 
(mbgl) 

Blow Yield 
(l/hr) 
(estimated 
airlift rate) 

Blow Yield 
(l/sec)  
(estimated 
airlift rate) 

Geology 

BH58 27-Nov-17 -26.893170 26.878420 1310.15 inside gate 0.70     21, 24 10000 2.78 
Highly We Diabase 13m, We diabase 22m, 
Fractured diabase 

 

BH 
Name 

X Cape 
LO27 

Y Cape 
LO27 

Z 
(mamsl) 

Description 
WL 

2018 

2008 
Depth 
(mbgl)) 

2018 
Depth 
(mbgl) 

Water 
Strike 
(mbgl) 

  
Blow 
Yield 
(l/sec) 

t (m2/day 
Hydraulic 

Permeabilitry (K 
- m/day) 

Hydraulic 
Permeabilitry 

- early (K - 
m/day) 

S [ ] 
Proposed 

Pump Rate 
(l/s) 

Wl 
(mbgl) 

(24 
Sept 

2008) 

Wl 
(mbgl) 
(8Oct 
2008) 

BH1 2974030.26 15459.44 1331.00 
Old monitoring BH about 4km 
west, BH visited on 6 Nov 2017.  
Blocked at 41m and dry 

~ 50 41 None   None   0.00       Dry Dry 

BH2 2974971.56 15004.22 1326.00 
Old monitoring BH about 3km 
west, BH visited on 6 Nov 2017.  
Blocked at 24m and dry 

~ 30 24 None   None           Dry Dry 

BH3 2976021.25 14357.19 1317.00 

Old monitoring BH about 2.5km 
south west next to acces road, BH 
visited on 6 Nov 2017.  Blocked at 
17m and dry 

~ 45 17 34   0.3   0.02       10.85 11.11 

BH4 2978049.72 14961.80 1310.00 

Monitoring BH about 3.8km south 
west in game camp, BH visited on 
7 Nov 2017.  Obtain sample @ 
28m 

18.79 50 45 None   None   0.00       Dry 14.36 

BH5 2977518.01 13125.69 1298.00 
Monitoring BH about 2km south 
west in game camp, BH visited on 
7 Nov 2017. Obtain sample @ 24m 

13.43 30 29 24   0.5   0.58 1.57000     11.22 11.43 

BH6 2976306.01 12251.70 1308.00 
Monitoring BH about 600m south 
west   

17.30 42   None   None   0.07 0.13500     Dry 17.96 

BH7 2977359.09 12142.59 1304.00 
Monitoring BH about 1300m south 
next to stream   

6.78 24   16   1.0   0.12 1.89000     9.8 9.98 

BH8 2973542.45 11008.33 1327.00 
Old monitoring BH, destroyed 
under north western corner of 
TSF 

~ 30   30   0.2   0.56       13.65 13.81 

BH9 2974989.59 9676.67 1334.00 
Old monitoring BH, destroyed 
under north eastern corner of TSF 

~ 48   None   None   0.01       Dry 20.7 

BH10 2977299.39 10411.97 1322.00 
Monitoring BH about 800m south 
on Sallie's farm 

11.93 50   None   None           Dry 48.91 

BH11 2977675.95 13686.77 1298.00 
Monitoring BH about 2km south 
west in game camp, BH visited on 
7 Nov 2017. Obtain sample @ 20m 

4.56 30   18   0.7   0.44 1     2.94 3.12 

BH12 2974022.40 13448.30 1331.00 
Old monitoring BH about 2km 
west, BH visited on 6 Nov 2017.  
Blocked at 28m and dry 

~ 30 28 None   None           Dry 28.12 

BH13 2974656.9 9321.211 1329.8 

Drilled about 50 m east of from 
the dam wall on the north 

eastern part of the dam and 
about 100 from the fence 

3.35 42   29   1.5   0.04           

BH14 2976002.4 9679.855 1330 

Breohoel destroyed and under 
eastern Wall.  Drilled about 90m 
from the fence on the eastern 

side 

~ 48 D None       0.46           
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BH 
Name 

X Cape 
LO27 

Y Cape 
LO27 

Z 
(mamsl) 

Description 
WL 

2018 

2008 
Depth 
(mbgl)) 

2018 
Depth 
(mbgl) 

Water 
Strike 
(mbgl) 

  
Blow 
Yield 
(l/sec) 

t (m2/day 
Hydraulic 

Permeabilitry (K 
- m/day) 

Hydraulic 
Permeabilitry 

- early (K - 
m/day) 

S [ ] 
Proposed 

Pump Rate 
(l/s) 

Wl 
(mbgl) 

(24 
Sept 

2008) 

Wl 
(mbgl) 
(8Oct 
2008) 

BH15 2976462.4 9873.223 1325 
Drilled about 70m from the 

southern corner of the eastern 
dam wall 

5.5 48   39   2 28.90 1.45   6.8X10-3       

BH16 2976580.2 11197.183 1313.8 
Drilled about 150 to 200 m south 

of the TSF 
0.98 36   12   3.5 28.90 1.61   6.8X10-3       

BH17 2976367.7 11462.063 1311.00 South 0.6 36   
6, 15, 

26 
  0.56               

BH18 2976454.4 11961.472 1305.00 South 0.71 50   23, 37   1.11               

BH19 2976478.3 11205.323 1313.00 South 0 18   6 to 14   3.33 17 0.94   1.10E-03 3.5     

BH20 2976533.5 10987.265 1316.00 South 0.75 18   7 to 16   3.33 21 1.17   6.50E-05 8     

BH21 2976882.2 11966.582 1302.00 
Monitoring BH 800m South next to 

Stream confluence  
1.1 13   6 to 9   2.78 9.6 0.53   1.10E-03       

BH22 2976545.8 10947.244 1315.00 South   18   12-18   7         5     

BH23 2976539.4 11015.506 1314.00 South   18   12-18   10         8     

BH25 2974485.9 11559.942 1320.11 West 0 18   16 2000 0.56 1.07 0.089     0.3     

BH26 2973981.6 11408.377 1322.99 North West Corner 0 22   17 2000 0.56 1.17 0.098     0.3     

BH27 2973847.7 11355.338 1323.89 North West Corner 0 24   18 2000 0.56 1.78 0.148     0.35     

BH28 2973675.7 11190.146 1324.86 North West Corner 0 24   17 6000 1.67 8.8 0.733     1     

BH30 2974558.3 9407.7272 1328.96 North East Corner 1.86 20   10 1000 0.28 0.75 0.063     0.1     

BH31 2974467.7 9479.1364 1328.12 North East Corner 1.35 12   6 3000 0.83 1.17 0.098     0.3     

BH32 2976364 9909.76 1325.76 South East Corner 5.67 18   12 10000 2.78 3.55 0.296     0.8     

BH33 2976168.9 9780.3644 1328.02 South East Corner 8.18 30   19 6000 1.67 7.11 0.593     1.5     

BH34 2975884.9 9688.1906 1331.45 South East Corner 5.29 24   22 20000 5.56 17.77 1.481     3     

BH35 2976580.4 10596.357 1319.78 South East Corner 0.82 18   13 6000 1.67 1.78 0.148     0.8     

BH36 2976499.5 10071.8 1324.07 South East Corner 4.67 24   21 20000 5.56 10.66 0.888     3     

KD1 2974205.3 7975.4685   Production BH Farm East 10.7         15 38.6 3.86     8     

KD2 2974212.7 7966.4726   Production BH Farm East 11         12 31.3 3.13     7     

KD3 2974187.9 7929.4309   Production BH Farm East 10.3         7 24.1 2.41 2.2X10-3 2.2X10-3 5     

KD4 2974113.8 7918.8475   Production BH Farm East 10.16         15 86.8 8.68 2.2X10-3 2.2X10-3 10     
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24 APPENDIX E:  BOREHOLE LOGS 
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25 APPENDIX F:  AQUIFER TESTS DATA 

BH Name 
X Cape 
LO27 

Y Cape 
LO27 

Z (mamsl) Method 
Blow Yield 

(l/sec) 
k (m/d) Geology 

BH1 -15459.44 -2974030.26 1331.00 Estimate 0 0.001 Chert/Dolomite 

BH2 -15004.22 -2974971.56 1326.00   0 0.001 Chert/Dolomite 

BH3 -14357.19 -2976021.25 1317.00 
Short Pump 
and Slug 

0.3 0.016 
Andesite lava 

BH4 -14961.80 -2978049.72 1310.00 Estimate 0 0.000 Chert, shale, Andesite lava 

BH5 -13125.69 -2977518.01 1298.00 
Short Pump 
and Slug 

0.5 0.580 
Chert, Andesite lava 

BH6 -12251.70 -2976306.01 1308.00 
Estimate 

0 0.074 
Conglomerate/Quartzite, Lava, 
Shale 

BH7 -12142.59 -2977359.09 1304.00 
Short Pump 
and Slug 

1.0 0.119 
Andesite lava 

BH8 -11008.33 -2973542.45 1327.00 
Short Pump 
and Slug 

0.2 0.560 
Diabase 

BH9 -9676.67 -2974989.59 1334.00 Estimate 0 0.014 Diabase 

BH10 -10411.97 -2977299.39 1322.00   0 0.001 Diabase 

BH11 -13686.77 -2977675.95 1298.00 
Short Pump 
and Slug 

0.7 0.440 
Andesite lava 

BH12 -13448.30 -2974022.40 1331.00   0 0.001 Andesite lava 

BH13 -9321.211 -2974656.91 1329.8   1.5 0.040 Diabase 

BH14 -9679.855 -2976002.36 1330   0.5 0.460 Diabase 

BH15 -9873.223 -2976462.38 1325 
Step and CR 
Pump Tests 

2 1.445 
Diabase 

BH16 -11197.183 -2976580.18 1313.8 
Step and CR 
Pump Tests 

3.5 1.606 
Diabase 

BH17 -11462.063 -2976367.67 1311.00   0.56 0.100 Diabase 

BH18 -11961.472 -2976454.38 1305.00   1.11 0.800 Diabase, fracture zone at 37. 

BH19 -11205.323 -2976478.28 1313.00 Step and CR 
Pump Tests 

3.33 0.944 
Weathered Diabase, Highly 
loose and weathered above 
15m 

BH20 -10987.265 -2976533.48 1316.00 
  

3.33 1.167 
Highly loose and weathered 
above 16m 

BH21 -11966.582 -2976882.19 1302.00 
Step and CR 
Pump Tests 

2.78 0.533 
Highly loose and weathered 
above 9m 

BH22 -10947.244 -2976545.78 1315.00 
Step and CR 
Pump Tests 

7 2.000 
Highly loose and weathered 
above 18m 

BH23 -11015.506 -2976539.38 1314.00 
Step and CR 
Pump Tests 

10 5.000 
Highly loose and weathered 
above 18m 

BH25 -11559.942 -2974485.9 1320.11 
pump Test 

0.56 0.059 
Yellow clay 6m, w diabase 
15m, solid diabase 

BH26 -11408.377 -2973981.58 1322.99 
pump Test 

0.56 0.053 
Yellow clay 12m, w diabase 
18m, solid diabase 

BH27 -11355.338 -2973847.68 1323.89 
pump Test 

0.56 0.074 
Yellow clay 10m, w diabase 
19m, solid diabase 

BH28 -11190.146 -2973675.67 1324.86 
pump Test 

1.67 0.367 
Red/brown clay 8m, w diabase 
20m, solid diabase 

BH30 -9407.7272 -2974558.3 1328.96 
pump Test 

0.28 0.038 
weathered diabse 19m and 
diabase 

BH31 -9479.1364 -2974467.7 1328.12 
pump Test 

0.83 0.098 
weathered diabse 11m and 
diabase 

BH32 -9909.76 -2976363.97 1325.76 pump Test 2.78 0.197 clay boulders and diabase 

BH33 -9780.3644 -2976168.87 1328.02 
pump Test 

1.67 0.237 
Yellow clay 8m, highly w 
diabase 19m, w diabse 28m , 
solid diabase 

BH34 -9688.1906 -2975884.85 1331.45 
pump Test 

5.56 0.740 
Yellow clay 8m, highly w 
diabase 22m , solid diabase 
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BH Name 
X Cape 
LO27 

Y Cape 
LO27 

Z (mamsl) Method 
Blow Yield 

(l/sec) 
k (m/d) Geology 

BH35 -10596.357 -2976580.38 1319.78 
pump Test 

1.67 0.099 
Yellow clay 2m, highly w 
diabase 17m, solid diabase 

BH36 -10071.8 -2976499.48 1324.07 
pump Test 

5.56 0.444 
 highly w diabase 21m, solid 
diabase 

KD1 -7975.4685 -2974205.31   pump Test 15 3.860   

KD2 -7966.4726 -2974212.72   pump Test 12 3.130   

KD3 -7929.4309 -2974187.85   pump Test 7 2.410   

KD4 -7918.8475 -2974113.77   pump Test 15 8.680   

BH37 -12360.0 -2975257.4 1316.25534 Slug 0.56 0.497 

Clayey weathered shale, 
weathered diabase , fresh 
diabase 

BH38 -12579.1 -2975254.9 1319.43885 Slug 0.28 0.253 Shale 

BH39 -12185.6 -2975009.0 1316.21572 Slug 13.89 5.289 
Weathered (clayey) Diabase 
and diabase 

BH40 -12189.0 -2975322.3 1313.17307 Slug 0.56 0.624 

Predominantly Shale, 
weathered claye to hard baked 
and fresh 

BH41 -12022.1 -2974499.8 1320.08011 Slug 0.56 0.624 
Weathered shale, hard baked 
shale and diabase 

BH42 -12048.9 -2974016.6 1323.59431 Slug 0.28 0.603 Shale and Diabase 

BH43 -11705.9 -2973509.3 1324.751 Slug 0.03 0.223 
Clay, weathered siltstone, 
Diabase 

BH44 -11504.0 -2973007.1 1327.66824 Slug 0.03 0.156 Predominantly Shale 

BH45 -12343.3 -2974007.0 1325.49418 Slug 0.28 0.648 Predominantly Shale 

BH46 -9943.0 -2973011.0 1325.16349 Slug 3.33 1.500 
Weathered Diabase and 
Diabase 

BH47 -10775.0 -2973011.0 1327.30841 Slug 0.14 0.915 
Weathered Diabase and 
Diabase 

BH48             Shallow very hard diabase/solid 

BH49 -8988.0 -2973205.0 1319.92682 Slug 0.56 1.414 Shallow very hard diabase/solid 

BH50             Predominantly Shale 

BH51             
Clay and boulder 8m, highly We 
Diabase 30m, Diabase 

BH52             
Clay and boulder 2m, highly We 
Diabase 29m, Diabase 

BH53             Clay and boulder 4m,  Diabase 

BH54             Clay and boulder 2m,  Diabase 

BH55             
Clay and boulder 6m, boulders 
9m,   Diabase 

BH56 -9640.4 -2973511.5 1325.10175 Slug 0.56 0.272 Clay  6m,   Diabase 

BH57 -10153.4 -2973512.7 1325.23476 Slug 8.33 3.701 
Highly We Diabase 20m, 
Fractured diabase 

BH58 -12031.5 -2975447.0 1310.15188 Slug 2.78 2.436 

Highly We Diabase 13m, We 
diabase 22m, Fractured 
diabase 

HC19 -12620.806 -2975272.88 1320 Slug     
Clay and boulder 2m, highly We 
Diabase 29m, Diabase 
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25.1 2017 Slug Test Graphs 

Site ID Geology 

Coordinates (WGS84) Hydraulic Conductivity (m/day) Bouwer-Rice 

Latitude Longitude 
Elevation 
(mamsl) 

Pressure Head 
(m) 

Early K Mid K Late K 

BH37 
Sh/Dia 

-
26.890953 

26.875245 1316.26 14.621 1.49 1.06 0.50 

BH38 
Sh 

-
26.890928 

26.873040 1319.44 23.131 1.19 0.67 0.25 

BH39 
Dia 

-
26.888712 

26.877003 1316.22 15.020 14.89 5.29 0.49 

BH40 
Sh 

-
26.891540 

26.876966 1313.17 16.186 5.77 3.12 0.62 

BH41 
Sh/Dia 

-
26.884118 26.878654 

1320.08 13.545 5.50 2.70 1.67 

BH42 
Sh/Dia 

-
26.879757 

26.878389 1323.59 14.427 4.90 0.60 0.13 

BH43 
Cl/SiltS/Dia 

-
26.875182 

26.881845 1324.75 14.410 4.17 0.77 0.22 

BH44 
Sh 

-
26.870651 

26.883882 1327.67 16.883 4.29 0.74 0.16 

BH45 
Sh 

-
26.879753 

26.875276 1325.49 20.689 3.11 2.53 0.65 

BH46 
Dia 

-
26.870710 

26.899580 1325.16 14.644 27.22 7.77 2.78 

BH47 
Dia 

-
26.870690 

26.891220 1327.31 14.783 4.08 1.67 0.91 

BH49 
Dia 

-
26.872450 

26.909200 1319.93 13.683 4.57 2.81 1.41 

BH56 
Cl/Dia 

-
26.872550 

26.903039 1325.10 15.219 3.29 1.64 0.27 

BH57 
Dia 

-
26.875238 

26.897041 1325.23 18.742 68.71 11.47 3.70 

BH58 
Dia 

-
26.893170 

26.878420 1310.15 13.719 6.95 2.44 0.30 

HC19 - - - - 22.313 4.05 1.25 0.85 

Note/s: Min 1.19 0.60 0.13 

o       Geology Lithology Description: Max 68.71 11.47 3.70 

     o    Cl - Clay Average 10.26 2.91 0.93 

     o    Sh - Shale Geomean 5.52 1.98 0.58 

     o    SiltS - Siltstone Harmean 3.86 1.45 0.39 

     o    Dia - Diabase         

     o    Dol - Dolerite         
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25.2 2008 Data 
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25.3 2019 Data 
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Date start: 07-Mar-19 Pump Inlet (m) 20

Date finish: 07-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 25

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH60 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 10-Mar-19 Pump Inlet (m) 16

Date finish: 10-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 25

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH61 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 15-Mar-19 Pump Inlet (m) 15

Date finish: 15-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 25

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH62 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 04-Mar-19 Pump Inlet (m) 12

Date finish: 04-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 15

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH63 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 28-Feb-19 Pump Inlet (m) 18

Date finish: 28-Feb-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 24

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH64 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 12-Mar-19 Pump Inlet (m) 20

Date finish: 12-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 25

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH65 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 01-Mar-19 Pump Inlet (m) 18

Date finish: 01-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 24

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH66 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 17-Mar-19 Pump Inlet (m) 15

Date finish: 17-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 25

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH67 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 13-Mar-19 Pump Inlet (m) 15

Date finish: 13-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 25

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH68 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 27-Feb-19 Pump Inlet (m) 19

Date finish: 27-Feb-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 21

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH70 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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Date start: 16-Mar-19 Pump Inlet (m) 23

Date finish: 16-Mar-19 Farm/Operation: Kareerand TSF

Project no: 18-0481 Borehole depth: 30

Technician: Sya & Thulani Borehole diameter: 8"

Borehole ID: BH71 Pump type: Submersible

Aquifer Testing Data Logging Sheet
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26 APPENDIX G – SEEPAGE MODEL DATA 

26.1 Preliminary Water Balance 

A simplified and indicative water balance is currently maintained by AGA.  It is recommended 

that this water balance be continuously updated to aid as a tool to understand and manage 

the seepage of the TSF.  The main inflow components are: 

• Water contain in tailings from (93% average), and 

• Rainfall on the exposed TSF and return water dam (RWD) areas (about 7% of total 

water). 

Available information indicates that the average density (RD1) of the material is in the order 

of 1.38 (refer to Figure 26-1).  The water content of the slurry appears to be in the order of 

>2.5M m3/month (about 90 000 m3/day).   

The main outflow components for the simplified water balance consist of: 

• Return Water pumped back to the Midway Dams (include all water sourced from the 

TSF – including return water from the pool, under and toe drains, interception 

boreholes and the interception drain at the southern perimeter of the TSF),  

• Evaporation, and 

• Water capture within the tailings material (a percentage of 30% was applied). 

Figure 26-2 supplies an overview of the outflow components presented as a percentage of 

the total outflow, this is based on average values for the time period between March 2018 

and February 2019. 

26.1.1 Imbalance 

Figure 26-3 supplies an overview of the historical imbalance component or unaccounted 

component of the outflow.  This portion is assumed to be seepage and is between 5 and 12%.  

The overall average is in the order of 7500 m3/day. 

 

 
1 Relative density, or specific gravity, is the ratio of the density (mass of a unit volume) of a substance 
to the density of a given reference material.  Relative density (RD) or specific gravity (SG) is a 
dimensionless quantity, as it is the ratio of either densities or weights. 
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Figure 26-1:  Relative Density of the Kareerand Tailings and Volume of water received 
in m3/month (AGA, 2019) 
 

 
Figure 26-2:  Percentage of outflow components for Kareerand (average for 2018/2019) 
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Figure 26-3:  Volume of imbalance or un-accounted component which can be allocated as “seepage” 
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26.2 Pool Management of current TSF 

Data obtained from AGA in terms of the pool size are presented in Figure 26-4 below.  It is believed that 

that the pool size plays an integral role in seepage management and that seepage will reduce over time 

as the pool size stabalise. 

Construction of the TSF commenced in 2010 and deposition of tailings in 2011.  Four years later (2015) 

the entire footprint was filled with tailings and the sidewalls are still under construction to develop the 

final perimeter design and TSF structure.  The current height at the lowest point, which is at the south 

western corner, is approximately ~45m above ground level and the final height will be in the region of 

90m in this area.  Refer to Figure 26-5 below for a visual overview of the development of the Kareerand 

TSF by looking at Google Images over time. 

 

Figure 26-4:  Kareerand Pool Area Size (ha) 
 
  



Mine Waste Solutions  Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 252 

2007 

 

Jul 2014 to 2015 

 

Sept 2011 

 

Oct 2016 to 2017 

 

Dec 2012 

 

May 2018 

 

Dec 2013 

 

Jan 2019 

 
Figure 26-5:  Evolution of the Karereand TSF and pond (Google Earth Pro) 
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26.3 Seepage predictions with different closure and rehabilitation scenarios 

26.3.1 Initial 2010 Seepage Assessment (existing TSF) 

An initial seepage assessment was conducted by Knight Piésold Ltd in 2010 (PROJECT NO. RI301-00204/01) 

and the following was copied from the report, page 17: 

During the initial stages of deposition, the tailings and pond only cover the lower portion of the sloping 

site, so the footprint exposure is limited. The seepage rates are expectantly low to start with due to 

the limited footprint, but steadily increase as the tailings dam develops and increases in height and 

thus the head, reaching a peak after approximately 11 years. The seepage rate then decreases towards 

the projected end of the operating life after 168 months (14 years) due to the consolidation and 

concomitant modelled reduction in permeability of the overflow. The peak seepage rate is predicted to 

be around 4000m3/day or about 5% of the process water deposited onto the dam.  This equates to an 

infiltration rate approximately 10 times higher than the natural or “pre- TDF” recharge rate to the 

underlying aquifer, thus resulting in an increase of seepage to the underlying aquifer. 

 

26.3.2 2016 Seepage Assessment for Post Closure (existing TSF) 

Figure 26-6 shows the modelled seepage conditions for the different cover scenarios that are listed in 

the Agreenco 2017 report.  This report supplies an overview of the proposed side slope cover design and 

top surface crest cover design.  The report is available on request as an internal management document. 

The results show that the initial period after closure has the highest seepage rates of any of the 

operational or post closure phases. Figure 26-6 shows that, initially, a high seepage rate will be present 

for the TSF. The first 40-years should have high seepage rates as the water seeps from the more porous 

wall and beach areas. The following 40-50 years should exhibit lower seepage rates as water moves from 

the less permeable pool area into the groundwater. 

It is evident from the graph copied from the report (Figure 26-6) that seepage rates will be in the order 

of 6000 to 7000 m3/day at closure for the existing TSF. 
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Figure 26-6:  Predicted post-closure seepage volumes.1 (Agreenco, 2017) 

Note: 1. Vertical seepage into underlying aquifer in weathered diabase/seepage through facility foundation. 

 

The model shows that the seepage rate will be at its greatest when tailings deposition is ended (Figure 

26-6). This corresponds to the maximum elevation that the phreatic water surface will have in the TSF. 

The results further show that during the initial post-closure phase, lasting 30 – 80 years, the seepage 

volumes will gradually decrease. The final closure phase seepage will be characterised by seepage rates 

that are controlled by climate equilibrated values. 

The results further showed that slopes with a gradient of 1:5, with a soil cover of at least 60 cm will have 

the lowest seepage rates during the closure phase of the TSF. Good vegetation cover contributes to 

decreasing the percentage of the MAP to percolate into the TSF and seep into the groundwater. 

26.4 2019 Assessment - Predicted Seepage for Expansion with clay liner and Class C liner 

It is fair to assume that the majority of seepage will occur from the existing Kareerand TSF and that more 

seepage will be recovered from the expansion through a series of engineered seepage capture 

infrastructure (i.e. drains and localized liners, and Class C Barrier System).    Seepage modelling were 

conducted by Terrasim  and preliminary data were applied for the numerical model and risk assessment. 

Table 26-1:  Predicted Post Closure Seepage Rates (Agreenco, 2019) 

Scenario 
Predicted 

seepage volume 
at closure 

(m3/d) 

Predicted seepage rate at 
closure 

Compacted clay 
permeability 

Geomembrane 
leakage rate 

(l/ha/d) 

Higher 
than           15 
l/ha/d criterion 

mm/yr % of MAP 
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1x10-7 cm/s 

15 1 781 92 15 

150 10 787 92 15 

1500 100 851 100 17 

4800 320 1007 118 20 

No liner  1009 118 20 

 

1x10-6 cm/s 

15 1 2305 271 45 

150 10 2312 271 45 

1500 100 2376 279 47 

4800 1500 3367 395 66 

No liner  3356 394 66 

The areas used for the modelling is summarised in the table below. 

Modelling was conducted on the basis that the compacted clay layer and engineered liner system are the 

flow limiting system rather than the groundwater. The permeabilities of the compacted clay layer and 

liner system is lower than that used for the tailings. 

The 1x10-7 cm/s permeability scenarios is based on the average of the values of 10-6 to 10-8 cm/s provided 

by Knight Piesold for the compacted clay layer. The 1x10-6 cm/s permeability scenarios is based on a 

Class C facility and the maximum allowable through flow rates specified in the Minimum Requirements 

(1998) for the compacted clay layer of a GLB+ liner system that represents a Class C facility liner system. 

The prefeasibility study indicated that the facility is classed as a Class C facility. 

The permeability of the geomembrane was determined that a leakage rate of 75 and 150 l/ha/d are 

achieved, which is 5 and 10 times higher than the 15 l/ha/d rate indicated by DWA regulator (Oct 2018 

liner workshop) and DWA technical note to DAE (2018). The GRI White paper on allowable leakage rates 

of liquid impoundments indicated that leakage rates of 1 to 20 l/ha/d represents a perfect geomembrane 

with no damages such as pin holes and holes, and that typical action leakage rates are 50 to 200 l/ha/d. 

A 100 fold increase of 15 l/ha/d (1500 l/ha/d) can be viewed as a liner failure with a tear(s), and was 

therefore not used.  

 

Geosynthetic liner leakage scenario 
Leakage through 355 ha geosynthetic liner  

(1st order estimate)  

Scenario 
Leakage 

rate 
(l/ha/d) 

m3/d mm/yr 
% MAP 

(MAP of 602 mm/yr) 

Perfect liner 15 5.3 0.55 0.09 

10 x perfect liner 150 53 5.5 0.9 

100 x perfect liner – 
Poor construction 

assurance 
1500 530 55 9.0 
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The attached predicted post closure seepage rates are based on grasses at the wall and pool section, 

with trees at the beach section with a 100   to 200m  zone of grasses inward from the crest at the basin 

area. The area under grasses accounts for about 82% of the footprint area, thus post closure seepage 

rates are considerably determined by the soil cover design.  

The wall section of current facility was used as the eastern boundary of Kareerand Extension. Higher 

drainage through the sandier underflow and toe drains in current facility was simulated. Please indicate 

if this will not be the situation. 
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27 APPENDIX H – GEOCHEMICAL DATA 

27.1 Geochemical Composition of the Facilities to be Re-Worked 

Geochemical data from previous studies were applied for the tailings dams at the Vaal River Operations 

and MWS facilities that will be reclaimed.   

27.1.1 Vaal River Operations 

Data from two separate studies were applied for the Vaal River Operations: 

a) A screening or preliminary geochemical assessment was completed by Pulles Howard and De 

Lange Consulting Company in 2002 (PHD, 2004).   It is important to note that only the West TSF 

Complex and western waste rock dumps were included in this study.  The report is available on 

request and a summary table provided below as Table 27-1. 

Table 27-1:  Summary of the results from base case modelling for long-term water quality 
prediction (PHD 2004) 

Facility 

pH Characteristics Salinity Characteristics 

Class. Min. pH Class. 
Max TDS 

(mg/l) 

Approximate 

Sulfate (Mg/l) 

VR west tailings complex P4 4.5 S1 6200 3100 

VR west extension tailings dam P2 4.7 S1 3300 1800 

VR No 3 waste rock dump P1 3.6 S3 1000 600 

VR No 4 waste rock dump P3 7.2 S4 2700 1350 

 

b) Geostratum was appointed by GCS Water and Environment (Pty) Ltd for the environmental 

geochemical assessment of tailings samples from the Anglo Gold Ashanti Limited (AGA) Vaal River 

(VR) Operations in 2012/2013.  The scope of work was for the sampling and testing of tailings 

material.  More than 200 tailings samples were tested either as individual samples or composites.  

The Draft current status sampling report is available on request. 

 

27.1.2 Buffels, Harties and Stilfontein TSF Facilities 

The following table, obtained from MWS (refer Table 27-2) indicates the total and sulfate bearing sulphur 

content of the existing tailings dams.  It can be seen that total S ranges from about 3 000 to 17 000 

mg/kg.   This suggests high quantities of SO4 that could possibly end up on the final Kareerand TSF. 
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Table 27-2:  S Content for Buffels and Harties compartments (MWS, 2008) 

Sample no Lab no. 
Total S SO4-S 

mg/kg mg/kg 

Buffels 2 top comp D 2817 9873 3839 

Buffels 2 bot comp D 2818 8390 3803 

Buffels 3 top comp D 2819 14170 4127 

Buffels 3 bot comp D 2820 16745 3915 

Buffels 4 top comp D 2821 13365 1053 

Buffels 4 bot comp D 2822 11370 3590 

Harties no 1 D 2823 8540 4675 

Harties no 2 D 2824 6423 4218 

Harties no 5 D 2825 5878 2982 

Harties no 6 D 2826 4920 2459 

Harties no 7 D 2827 3045 510 

Buffels no 5 D 2828 5140 2895 

Chemwes No4 Bot D 2829 10488 513 

Nkge D 2830 7923 1421 

Flanager D 2831 5408 1120 

Elaton D 2832 16855 2397 

Dump 2, 3, 4 & 5 comp D 2833 9928 3462 

 

27.2 Kareerand Geochemical Composition 

Geostratum was appointed by GCS for the environmental geochemical assessment of tailings material 

from the Kareerand TSF (Geostratum 2013).  The report is available on request. 

A total of 6 tailings samples were collected from 3 sites on the tailings dam for geochemical testing. 

Underdrain seepage, return water, and seepage water were also collected. A description of the samples 

is given in Table 27-3 below.  

Table 27-3:  Description of Kareerand TSF samples 

Sample ID * Sample Description 

TS1A 

 

 
Coarse tailings (wall) on the south-
western side of the tailings dam. 
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Sample ID * Sample Description 

TS1B 

 

 
Fine tailings that is pumped from the 
pumping station to pool. 

TS2A 

 

 
Coarse tailings (wall) on the south-
western side of the tailings dam. 

TS2B 

 

 
Fine tailings that is pumped from the 
pumping station to pool. 

TS3A 

 

 
Coarse tailings (wall) on the western side 
of the tailings dam. 

TS3B 

 

 
Fine tailings that is pumped from the 
pumping station to pool. 
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Sample ID * Sample Description 

TS3 Return 
Water 

 

 
Return water from the TS3 area to the 
Return Water Dam. 

TS3 
Underdrain 

 

 
Underdrain seepage in trench from the 
TS3 area before joining with the return 
water pipe. 

Seepage 

 

 
Seepage on the southern side of the 
tailings dam. 

* Yellow = Coarse Tailings, Orange = Fine Tailings, Blue = Water Sample 

 

27.2.1 Predicted seepage water qualities 

The geochemical model results are summarized in Table 27-4 to Table 27-6 below: 

Table 27-4:  Estimated water quality in the oxidized zone 

Model Scenario Year pH SO4 TDS 

MODEL B 
Tailings Dam 
50:50 S/SO4 

20 4.5 -7.0 1700 2500 

60 2.0 -7.0 2000 - 3500 3000 - 5100 

100 2.0 -7.0 2000 - 4500 3000 - 6500 

200 2.0 -7.0 700 - 5000 1100 - 7200 
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Table 27-5: Estimated seepage quality from the deeper unoxidized material 

Model Year pH TDS SO4 Ca Mg Na K Cl 

Tailings Dam 0 - 200 6 - 7 
2500 - 
4500 

1500 -
2500 

500-1000 100-300 250-1000 20 - 40 500-2000 

 

Table 27-6: Approximate progress of outer rim containing also the oxic zone 

Model Scenario Year 60 Year 100 Year 200 

B 6 8 11 

 

From the geochemical model results the following conclusions could be made: 

Depth of oxidation 

• The depth of oxygen diffusion in the tailings will be between 5 - 11 m from Year 1 - 200 (at O2 of 

0.1%); average dam height is 40 m. 

Tailings Dam - major parameters 

• Pyrite oxidation will only take place in the oxic zone and the interstitial water in the upper part 

of the unsaturated zone will have a much higher SO4 concentration than the saturated water 

deeper in the dam; 

• In the tailings dam the water quality on the outer rim of the dam and the deeper saturated part 

will be different. The outer rim will include the unsaturated zone and the upper contact zone 

with the saturated zone. The water quality in the outer rim will have a much higher SO4 content 

and will eventually become acidic. Seepage water at the toe of the tailings dam will first be 

dominated by water from the deeper saturated part but will become more and more 

representative of the water in the outer rim post-closure; 

• Tailings dam water in the inner saturated part will not be acidic and will have a much lower SO4 

concentration. The SO4 concentration here will mostly be determined by gypsum saturation at 

about 1 500 - 2 500 mg/l. Typical concentrations of cations are given in Table 27-5 above; 

• Seepage to the underlying aquifer will mostly be that of the inner saturated part for the first few 

decades. However, this zone will decrease over time until it is limited only to the very central 

part of the dam footprint. Over time seepage to the groundwater will become more 

representative of that of the outer rim; 
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• In Table 27-4 the SO4 concentration in the tailings dam is given for 60, 100 and 200 years after 

closure. The oxic zone is only a few meters deep (5 - 10 m) but due to transport the whole outer 

rim of the tailings dam becomes acidic with higher dissolved solids. At 60 years the outer rim is 

only 6 m deep but at 200 years it is 11 m deep. The SO4 concentration in the outer rim increases 

from about 2 500 mg/l after closure to roughly about 3 500 mg/l after 60 years and 4 500 mg/l 

after 100 years. The water in the inner saturated part is at between 1 500 - 2 500 mg/l over all 

time periods as it is mostly limited by gypsum saturation; 

Tailings Dam - changes in pH and metal concentrations 

• The pH will be near-neutral in the deeper saturated parts of the tailings dam; 

• In the outer rim the pH will only be slightly acidic during the first 20 - 40 years at pH 4.5. After 

about 60 years the pH will be below pH 4.5; 

• Several metals will be present in acidic seepage from the tailings dam, which may include: Al, 

Co, Cr, Cu, Mn, Ni, Pb, Se, U and Zn. 

Tailings Dam - conclusions 

Overall, seepage over the largest part of the footprint (the central part) will be close to gypsum 

saturation at 1 500 - 2 500 mg/l. This part will not be acidic but will decrease in size over time. The 

outer rim of the tailings dam (both vertical and horizontal) will have a higher SO4 concentration that will 

range between 1 500 - 5 000 mg/l over time. Seepage from this part will also be acidic; 

Several metals will be present in acidic seepage from the tailings dam, which may include: Al, Co, Cr, 

Cu, Mn, Ni, Pb, Se, U and Zn; 

The summary of the report:  

• The coarse tailings have a high salt load with acid potential while most of the fine tailings will 

have a lower salt load and some potential for acid generation; 

• From the ABA test results it is shown that it is critical to distinguish between the sulfate and 

sulphide content of the tailings. During the metallurgical process, a significant portion of the 

sulphide minerals are oxidised and are present as sulfates in the tailings. Sulfates (like for 

instance gypsum) have no potential to generate acidic drainage; 

• From the few samples taken a larger portion of the sulphides in the fine tailings are oxidised 

(52% are present as sulfates) than in the coarse tailings (31%). Both the fine and coarse tailings 

have a similar %S, but the fine tailings has more sulfates and the coarse tailings more sulphides; 

• The return water, underdrain and seepage water are slightly alkaline and have high SO4, Cl and 

NH4+. Some short term evolution of chemical parameters could be traced between the samples; 
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• The tailings samples showed some heterogeneity in terms of the total sulphur, sulphide and 

sulfate content. In order to make an accurate prediction on the acid potential of the tailings, it 

is recommended that tailings are sampled monthly. The tailings materials will also originate from 

various sources (different reworked tailings dams) and more than usual heterogeneity could be 

expected;  

• Additional tailings samples would be required from the operational plant in order to update the 

model. It is recommended that the geochemical model is updated during the life of the mine in 

order to calibrate and validate its results and to construct an effective closure plan. 

 

27.2.2 Geochemical Model with Different Cover Scenarios 

The following summarises the 2019 report conducted by GeoStratum as part of the Agreenco, 2019 

Rehabilitation Design Report of the current Kareerand Facility (ENVIRONMENTAL GEOCHEMICAL REPORT 

- ASSESSMENT OF THE POTENTIAL SEEPAGE WATER QUALITY FROM THE KAREERAND TAILINGS STORAGE 

FACILITY, Geostratum, 2019, REPORT NO. 1901001).  This report is available on request. 

Geostratum was appointed by Agreenco for the environmental geochemical assessment of the Kareerand 

TSF. The following summarizes the project: 

Sampling: 

• Samples were taken in 2013 by Geostratum and 2015 by Agreenco; 

• In 2013, 6 tailings samples were sampled from 3 sites, as well as 3 water samples (from the 

underdrain seepage, return water, and seepage water); 

• In 2015, 10 samples were collected. 6 topsoil samples and 4 tailings samples; 

Mineralogy: 

• The tailings samples collected in 2013 all had a general composition of dominant amounts of 

quartz with minor amounts of muscovite, chlorite, and pyrophyllite; 

• The top soil samples collected in 2015 all had quartz and kaolinite as major minerals with 

smectite and muscovite as accessory minerals. The tailings samples had quartz as major mineral 

and muscovite and pyrophyllite as minor minerals; 

Acid-base testing: 

• The neutralisation potential of the tailings from 2013 and 2015 is much lower than its acid 

potential. All tailings therefore have some potential to generate acid drainage; 
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• In 2015 NAG testing were performed on the tailing samples with the results shown in Table 13 

which confirmed the ABA results of the samples having a high potential for acid generation; 

• The topsoil samples collected in 2015 has no potential to generate acid due to the lack of 

sulphides which in due results in no acid potential, but because there is also no neutralisation 

potential the soil will not neutralise any acid it encounters; 

Predicted salinization of the cover materials: 

• Salinization of the cover materials will depend on the following aspects: 

o Diffusion of solutes from the tailings to the overlying cover. The initial soluble salt 

content of the tailings therefore plays a critical role in the model; 

o Advection of solutes (as a result of capillary flow) from the tailings to the overlying cover 

between wet and dry periods; 

The thickness of the cover material; 

• Over time, the dissolved solids will increase the closest to the contact with the tailings. The 

thinner the cover material, the more rapid the salinization. After 40 years, the electrical 

conductivity in the 45 cm cover is at 750 - 950 uS/cm at a depth of 30 cm (15 cm above the 

contact). After 40 years, the electrical conductivity in the 75 cm cover is at 450 - 550 uS/cm at 

a depth of 30 cm (15 cm above the contact); 

• It is also notable that no increase in salinization occur after 20-40 years. This is mostly due to 

the decrease in the dissolved solids at the top of the tailings. 

• From the model results small variations in the moisture content and rainfall infiltration has little 

effect on the salinization. The model results do however show a small seasonal flux of salts in 

the cover for the various vegetation scenarios, but this does not have any medium to long-term 

effects on the cover salinization. 

Recommendations: 

• Tailings from the TSF must be geochemically tested on a regular basis, especially as the tailings 

originate from various sources; 

• The capping could first be tested at a test site at the Kareerand TSF. The geochemical model 

should be updated with the monitoring results from the test sites; 

• It will be advantageous to treat the soil with lime, especially the lower part of the cover or the 

upper part of the tailings. The soil has a very low neutralisation potential; and 

• It is recommended that the geochemical model is updated during the life of the TSF in order to 

calibrate and validate its results and to construct an effective closure plan. 
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27.3 Data from Similar Facilities 

For the 2009 Kareerand follow up hydrogeological assessment it was decided to undergo a detailed 

sampling exercise at the existing Daggafontein TSF on the East Rand (GCS, 2009).  Water samples were 

obtained from ten (10) under-drain outflow pipes.  The samples were taken at the following drain 

locations as reflected on the analysis result sheets received from Midvaal Water Laboratory; Sites no. 2, 

11, 17(a), 20, 23, 24, 25, 29, 33 and 37 were sampled (refer to Figure 27-3 below).   

The following key conclusions can be made if this data set is considered: 

 pH values range between 8 and 4.5.  The 4.5 pH suggests slight acidic conditions which will result 

in other trace elements leaching from the tailings material and mainly from the underflow 

material.  Only 10% of the obtained water samples indicate pH values lower than 5, and 30% of 

the samples lower than 6.  Refer to Figure 27-1 for a pH and EC comparison graph; it is evident 

that lower pH will result in higher EC. 

 Sulfate (SO4) ranges from 1700 to 4300 mg/l.  This can be regarded as the main indicator for 

salinity leaching.  Refer to Figure 27-2 for a percentage comparison between the main anions 

and cations. 

 
Figure 27-1:  pH and EC Comparison Graph for the Daggafontein water samples 
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Figure 27-2:  Percentage comparison of the main anion/cations 
 

 Trace Elements:  It is clear from the analysis results that pH regulates the occurrence of metals 

and other trace elements.  Iron and manganese will leach at pH lower than 5.  Other trace 

elements leaching  arsenic, cobalt, lead, nickel and uranium.  The concentrations in terms of 

minimum, maximum, average and harmonic-mean can be viewed from Table 27-7.   

 

Table 27-7:  Trace Element statistical overview 

Parameter 
 

Unit 
 

Min 
 

Max 
 

Avg 
 

Har Mean 

Guideline Values 

WHO* 

SAWQG 
Target 
Range 
Values 

(Domestic 
Use) 

South 
African 

Standard - 
acceptable 
(SABS 241) 

Zinc mg/l Zn <0.01 1.300 0.278 0.080 3 0-3 3.0 – 5.0 

Aluminium mg/l Al 0.060 0.630 0.250 0.170 0.2 0-0.15 0.150-0.3 

Antimony mg/l Sb 0.000 0.000      

Arsenic mg/l As <0.010 0.130 0.053 0.027 0.01 P   

Cadmium mg/l Cd <0.002 <0.002   0.003   

Chromium mg/l Cr <0.01 0.060 0.046 0.025 0.05   

Cobalt mg/l Co 0.840 4.400 1.593 1.182    

Copper mg/l Cu <0.002 3.500 0.527 0.022 1   

Iron mg/l Fe 0.030 400.0 85.9 0.154 0.3 a 0-0.01 0.010-0.2 

Lead mg/l Pb <0.006 0.050 0.038 0.034 0.01 0-0.01 
0.010-
0.050 

Manganese mg/l Mn 2.90 67.00 21.85 11.312 0.5 P 0-0.05 0.050-0.1 

Mercury mg/l Hg     0.001   

Nickel mg/l Ni <0.02 7.900 2.675 0.512 0.02   
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Parameter 
 

Unit 
 

Min 
 

Max 
 

Avg 
 

Har Mean 

Guideline Values 

WHO* 

SAWQG 
Target 
Range 
Values 

(Domestic 
Use) 

South 
African 

Standard - 
acceptable 
(SABS 241) 

Selenium mg/l Se     0.01   

Vanadium mg/l V <0.01 0.060 0.033 0.021    

Uranium mg/l U <0.006 1.400 0.540 0.054    

Sulphide** mg/l S        

Beryllium mg/l Be <0.01 0.000      

Gold mg/l Au <0.01 0.010 0.010 0.010    

Lithium mg/l Li 0.040 0.080 0.061 0.059    

Molybdenum mg/l Mo <0.01 0.050  0.050 0.07   

Silver mg/l Ag 0.000 0.000      

Tin mg/l Sn <0.01 0.000      

Titanium mg/l Ti <0.01 0.000      

Barium mg/l Ba 0.010 0.030 0.020 0.018 0.7   

Boron mg/l B <0.01 0.420 0.217 0.188 0.3   

 

 

Figure 27-3:  Samples obtained from the Daggafontein TSF (refer to green tri-angles, GCS 2009))  
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28 APPENDIX I – NUMERICAL GROUNDWATER MODEL SETUP 

28.1 Model Construction 

The numerical model was constructed using Visual Modflow Pro (Version Build 4.6.0.169, 2018), a pre- 

and post- processing package for the modelling code MODFLOW. MODFLOW is a modular three 

dimensional groundwater flow model developed by the United States Geological Survey (Harbaugh et al., 

2000). MODFLOW uses 3D finite difference discretisation and flow codes to solve the governing equations 

of groundwater flow. MODFLOW 2005 USGS and the WHS Solver was applied to solve the flow model.  The 

simulation codes are widely used through the world and are well documented. The construction of the 

numerical model was based on the conceptual model and basic understanding of the area.  

Groundwater flow is simulated based on a 3D cell-centered grid and may be described by the following 

partial differential equation: 

                   (1) 

 

where:  

• Kxx, Kyy, and Kzz are values of hydraulic conductivity along the x, y, and z coordinate axes, 

which are assumed to be parallel to the major axes of hydraulic conductivity (L/T); 

• h is the potentiometric head (L); 

• W is a volumetric flux per unit volume representing sources and/or sinks of water, with  

W < 0.0 for flow out of the ground-water system, and W>0.0 for flow in (T-1); 

• Ss is the specific storage of the porous material (L-1); and 

• t is time (T). 

Equation 1, when combined with boundary and initial conditions, describes transient three-dimensional 

ground-water flow in a heterogeneous and anisotropic medium, provided that the principal axes of 

hydraulic conductivity are aligned with the coordinate directions (Harbaugh et al. 2000). 

28.2 Model Grid 

The finite difference model grid consists of 230 454 cells which consist out of 186 rows, 177 columns and 

7 layers (Figure 28-1 and Figure 28-2). Approximately 30% of these cells were allocated as no-flow cells 

represents areas outside the preferred groundwater catchment. 

Definition of the grid and the geometry of the layers was carried out using the VISUAL MODFLOW graphic 

user interface.  Smaller cell sizes (50m x 50m) are specified in potential sensitive TSF seepage areas 

where a more accurate solution of the groundwater flow equation is required. 
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28.3 Flow Boundaries and Aquifer Parameters 

It can be seen form Figure 28-1 that the borders of the numerical model were chosen at what were 

considered to be natural flow boundaries: 

• A constant head boundary was selected for the northern boundary of the model grid; 

• Stream and drain cells were applied for the western Koekemoer Spruit and eastern boundaries 

and the Droe and Brak Spruit the north eastern boundary and; 

• River cells for the southern and eastern Vaal River.  

• No flow boundaries were applied to the sub-catchment boundaries. 

The groundwater model domain covers an area of 15.5 x 15 km, where approximately 30% was allocated 

as no-flow boundary cells.   

Due to the complexity of the geological conditions different aquifer parameter values were assigned to 

different lithologies and geological structures. For example, the weathered upper diabase has a relative 

high hydraulic conductivity (k) while the andesite lava and shale have a lower k value. The initial 

parameters of the different lithologies were obtained from aquifer test data, or cited from various 

existing literature. The initial parameter values were adjusted during the calibration process within 

realistic ranges in order to match the water level calculated by the numerical model to that measured 

in the field.  The various parameters input into the model are shown in Table 28-1 and the distribution 

be viewed from Figure 28-2. 

Table 28-1:   Input parameters to the flow model 

Parameter Value used or range 

Permeability 15 to 0.0001 m/day 

Vertical permeability 1 to 0.00001 m/day 

Specific storage coefficient 0.001 to 0.000061 

Specific yield 0.15 to 0.001 

Natural Recharge 10 to 18 mm/yr 

Porosity 0.05 to 0.18 
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28.4 Calibration 

28.4.1 Steady State 

Calibration is the process of finding a set of boundary conditions, stresses and hydrogeological parameters 

that produce result that most closely matches field measurements of hydraulic heads and flows.  

The initial steady state model calibration was done to represent a pre-deposition condition where the 

hydraulic properties and recharge were calibrated.   The following figures were prepared to illustrate 

the calibration achieved: 

• The correlation between the field monitoring observations which were obtained in 2008 and the 

model output can be seen from Figure 28-3. 

• The calibrated groundwater flow and heads can be seen form Figure 28-4. 

When calibrated, the model can be used to predict the influence of deposition (artificial recharge) and 

various management scenarios under ongoing transient state conditions. 

28.4.2 Transient State Application 

Recharge boundary conditions were applied for the existing Kareerand TSF as well as for the proposed 

expansion TSF.  Typically recharge values are increased to present the seepage from the TSF and load 

on regional aquifer system.  Values in line with current water balance and seepage calculations were 

applied (refer to Table 28-2).  The data in Appendix G were applied and allocated. For the expansion 

much lower seepage rates were used to represent the proposed Class C Barrier liner system. 

Table 28-2: Typical range of Kareerand TSF seepage in and extension with Class C Liner (mm/annum) 

  
Area 
(ha) 

Area 
(m2) 

Water Balance 
Seepage 
(m3/day) 

Water Balance 
Seepage 
(m3/annum) 

Water Balance 
Seepage 
(m3/annum/m2) 

Water Balance 
Seepage 
(mm/annum) 

% of MAP  

Expected 555.5 5555000 7184 2622204 0.5 472 78 

Low 555.5 5555000 4000 1460000 0.3 263 43 

High 555.5 5555000 10000 3650000 0.7 657 110 

Geosynthetic liner leakage scenario 
Leakage through 355 ha geosynthetic liner  

(1st order estimate)  

Scenario 
Leakage rate 

(l/ha/d) 
m3/d mm/yr 

% MAP 
(MAP of 602 mm/yr) 

Perfect liner 15 5.3 0.55 0.09 

10 x perfect liner 150 53 5.5 0.9 

100 x perfect liner – Poor 
construction assurance 

1500 530 55 9.0 

 

Figure 28-5 shows the groundwater head contours and flow directions for the current (2018) situation.  

The mound of groundwater head associated with the seepage can be seen.  This was also documented in 

Section  8.5 Groundwater Level Data. 
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Figure 28-1:  Model grid and boundaries applied for the Kareerand TSF and sub-catchment 
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6 and 7 

 
Figure 28-2:  Hydraulic Conductivity distribution and values for layers 1 to 7 – based on calibrated transient state model and EW cross 
section 
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Figure 28-3:  Numerical groundwater model steady state calibration output correlation 
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Figure 28-4:  Calibrated heads and flow vectors for the Steady State pre-deposition time period 
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Figure 28-5: Calibrated heads and flow vectors for the Transient State and current time period (2018/2019) 
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28.5 Sensitivity analysis 

After a model has been calibrated and used to draw conclusions about a physical hydrogeologic 

system (for example, estimating the capture zone of a proposed extraction well), a sensitivity 

analysis can be performed to identify which model inputs have the most impact on the degree 

of calibration and on the conclusions of the modelling analysis. 

A sensitivity analysis was carried out on the calibrated current mining steady state model using 

zones to assess the influence on groundwater level and flow dimensions by running the model 

in the PEST (Parameter Estimation Simulation) and sensitivity mode. 

Figure 28-6 to Figure 28-7 presents the sensitivity graphs for hydraulic conductivity and 

recharge and the following conclusions can be made: 

• That change in K values have generally a significant impact on flow and mass 

transport.   

• General recharge also has a high influence on model output. 

 
Figure 28-6:  Sensitivity of the diabase, andesite and shale hydraulic conductivity 
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Figure 28-7:  Sensitivity of recharge zones 
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29 APPENDIX J:  ENVIRONMENTAL IMPACT SIGNIFICANCE RATING 
METHODOLOGY 

To ensure uniformity, the assessment of potential impacts has been addressed in a standard 

manner so that a wide range of impacts are comparable. The methodology utilised is from the 

South African Department of Environmental Affairs and Tourism guideline document on EIA 

Regulations (April 1998). 

Extent (spatial scale) 

Extent is an indication of the physical and spatial scale of the impact. 

Low (1) Low/Medium (2) Medium (3) Medium/High (4) High (5) 

Impact is localised 
within the site 

boundary: Site only 

Impact is beyond  
the site  boundary: 

Local 

Impacts felt within 
adjacent  

biophysical and 
social 

environments: 
Regional 

Impact widespread 
far beyond site 

boundary: Regional 

Impact extend 
National or  over 

international 
boundaries 

 

Consideration to be given to: 

• Access to resources; 

• Amenity; 

• Threats to lifestyles, traditions and values; and 

• Cumulative impacts, including possible changes to land uses around the site. 

Duration 

Duration refers to the time frame over which the impact is expected to occur, measured in 

relation to the lifetime of the proposed project. 

Low (1) Low/Medium (2) Medium (3) Medium/High (4) High (5) 

Immediate 
mitigating 
measures, 
immediate 
progress 

Impact is quickly 
reversible, short 

term impacts (0-5 
years) 

Reversible over 
time; medium 

term (5-15 years) 

Impact is long-
term 

Long term; beyond 
closure; 

permanent; 
irreplaceable or 

irretrievable 
commitment of 

resources 

 

Consideration to be given to: 

• Cost-benefit economical and socially (e.g. long or short term costs / benefits) 

Intensity of magnitude / severity 

Intensity refers to the degree or magnitude to which the impact alters the functioning of an 

element of the environment. The magnitude of alteration can either be positive or negative, 

as were also taken into consideration during the assessment of severity. 
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Type of 
criteria 

Negative 

H-(10) M/H-(8) M-(6) M/L-(4) L-(2) 

Qualitative 

Very high 
deterioration, 

high quantity of 
deaths, injury of 

illness / total 
loss of habitat, 
total alteration 
of ecological 
processes, 

extinction of 
rare species 

Substantial 
deterioration, 
death, illness 
or injury, loss 
of habitat / 
diversity or 
resource, 

severe 
alteration or 

disturbance of 
important 
processes 

Moderate 
deterioration, 
discomfort, 

partial loss of 
habitat / 

biodiversity or 
resource, 
moderate 
alteration 

Low 
deterioration, 

slight 
noticeable 

alteration in 
habitat and 
biodiversity. 
Little loss in 

species 
numbers 

Minor 
deterioration, 
nuisance or 
irritation, 

minor change 
in species / 
habitat / 

diversity or 
resource, no or 

very little 
quality 

deterioration. 

Quantitative 

Level of 
deterioration is 
so high that the 
level thereof is 

not always 
measureable 

Measurable 
deterioration.  
Recommended 

level will 
occasionally 
be violated. 

Measurable 
deterioration.  
Recommended 

level will 
occasionally be 

violated 

Rare violation 
of 

recommended 
level. Very 

slight 
measurable 

deterioration. 

No measurable 
change.  

Recommended 
level will never 

be violated. 

 
Consideration to be given to: 

• Cost-benefit economically and socially (e.g. high net cost = substantial deterioration); 

and 

• Impacts on future management (e.g. easy / practical to manage with change or 

recommendation). 

Probability of occurrence 

Probability describes the likelihood of the impacts actually occurring.  This determination is 

based on previous experience with similar projects and/or based on professional judgment. 

Low (1) Medium/Low (2) Medium (3) Medium/High (4) High (5) 

Improbable; low 
likelihood; 
seldom.  No 

known risk or 
vulnerability to 

natural or 
induced hazards. 

Likely to occur 
from time to time. 

Low risk or 
vulnerability to 

natural or induced 
hazards 

 

Possible, distinct 
possibility, 

frequent.  Low to 
medium risk or 
vulnerability to 

natural or induced 
hazards. 

Probable if 
mitigating measures 

are not 
implemented. 
Medium risk of 
vulnerability to 

natural or induced 
hazards. 

Definite (regardless 
of preventative 

measures), highly 
likely, continuous.  

High risk or 
vulnerability to 

natural or induced 
hazards. 

 
Significance 

Significance is determined through a synthesis of the above impact characteristics, and is an 

indication of the overall importance of the impact.  The significance of the impact “without 

mitigation:” is the prime determinant of the nature and degree of mitigation required.  For 

this assessment, the significance of the risk without prescribed mitigation actions was 

measured.  
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The significance of the identified impacts on components of the affected environment were 

determined as significance points (SP) = (magnitude + duration + spatial scale) x probability. 

The maximum value per aspect is 100 SP. Environmental effects were rated as high, moderate 

or low significance, based on the following: 

• more than 60 significance points indicated high (H) environmental significance; 

• between 30 and 60 significance points indicted moderate (M) environmental 

significance; and 

• less than 30 significance points indicated low (L) environmental significance. 
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30 APPENDIX K – LIST OF REGIONAL SALT LOAD AREAS 

No.  Source 
GW 

Management 
Area 

Tot. Pot. 
Seep Rate 

(m³/d) 

Avg TDS 
(mg/L) 

Pot. Mass 
flux to env. 
(ton/year) 

kg/day 
% of 
Total 

1 
Western portion 
of West Complex 
TSF (Ops.) 

VR1 700.00 4 000 1 022.00 2 800 5.65 

2 

Open unlined 
tailings effluent 
trenches - at toe 
of tailings dams 
and towards 
Monitoring Pump 
Station. 

VR1 40.00 4 000 58.40 160 0.32 

10 
West Gold Plant 
and effluent 
dams. 

VR1 0.09 2 500 0.08 0 0.00 

11 
Historic spills & 
Legacies 
(Unsaturated). 

VR1 0.72 1 000 0.26 0.717 0.00 

1 
Eastern portion of 
West Complex 
TSF (Ops.)  

VR2 2126.60 5 000 3 881.05 10633.00 21.44 

2 
West  Extension 
TSF. 

VR2 330.00 4 000 481.80 1320.00 2.66 

3 
Bokkamp dam's  
path of previously 
overflows. 

VR2 35.84 5 000 65.40 179.18 0.36 

4 Bokkamp dam. VR2 0.60 5 000 1.10 3.00 0.01 

5 

Open unlined 
tailings effluent 
trenches - at toe 
of tailings dams 
and towards 
Bokkamp Dam. 

VR2 80.63 4 000 117.72 322.52 0.65 

6 

No.3# MOD & 
Skelm Dam. The 
trench to the dam 
has been 
decommissioned. 
Dam only receives 
rainfall in 
summer. 

VR2 26.88 3 000 29.43 80.63 0.16 

7 

No.4 # MOD. Need 
to adjust as MOD 
get smaller and 
area rehabilitated 

VR2 26.88 2 000 19.62 53.75 0.11 

1 East Pay Dam 
GRUD  Area TSF VR3 

30 4 000 43.95 120.41 0.24 

2 

East Pay Dam TSF 
(footprint).  Most 
of this area is 
cleaned and 
rehabilitated - 
reduce area from 
127ha to 
approximately 
30ha. 

VR3 43 2 500 39.24 107.51 0.22 

3 

Bird Dam and 
tailings washed 
into wetland 
area. VR3 

24 3 000 26.28 72.00 0.15 

5 No. 1  MOD. VR3 27 2 500 24.53 67.19 0.14 

1 
South TSF 
(Sulphur Pay 
Dam). 

VR4 1163.58 4 000 1 698.82 4 654 9.38 
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No.  Source 
GW 

Management 
Area 

Tot. Pot. 
Seep Rate 

(m³/d) 

Avg TDS 
(mg/L) 

Pot. Mass 
flux to env. 
(ton/year) 

kg/day 
% of 
Total 

2 East TSF. VR4 1089.33 4 000 1 590.43 4 357 8.78 

3 South East TSF. VR4 605.43 4 000 883.93 2 422 4.88 

4 

AEL Return Water 
Dam - South. 
With open 
trenches 

VR4 170.00 4 000 248.20 680 1.37 

5 #2 MOD. VR4 44.79 3 500 57.23 157 0.32 

6 

AEL Return Water 
Dam - North. 
With open 
trenches 

VR4 90.00 4 000 131.40 360 0.73 

7 5# MOD. VR4 26.88 3 500 34.34 94 0.19 

1 
Great Noligwa # 

MOD. 
VR5 35.84 3 200 41.86 115 0.23 

1 
Old Mispah 
Compartment 1 

VR7 480.00 3 000 525.60 1 440 2.90 

2 Compartment 2 VR7 270.00 3 000 295.65 810 1.63 

3 Compartment 3 VR7 135.00 3 000 147.83 405 0.82 

4 
Kopanang Pay 
Dam  

VR7 150.00 3000 164.25 450 0.91 

5 
Mispah Storm 
Water Dam (old) 

VR7 8.78 1800 5.77 15.80350685 0.03 

6 
Mispah Return 
Water Dam 2 and 
3 

VR7 0.01 1800 0.00 0.009675616 0.00 

7 
Mispah Storm 
Water Dam (new) 

VR7 6.27 1800 4.12 11.28821918 0.02 

8 
Mispah Return 
Water Dam RWD1 

VR7 2.69 1800 1.77 4.837808219 0.01 

9 
Unlined Earth 
Trenches 

VR7 4.48 1800 2.94 8.063013699 0.02 

1 

Mine Waste 
Solution  TSF 

Complex 
Rehabilitated 

(Dam 2). 

MWS9 137.54 2500 125.50 343.84 0.69 

2 

Mine Waste 
Solution TSF 

Complex (Dam  
4). 

MWS9 667.10 3400 827.87 2268.14 4.57 

3 
Mine Waste 
Solution TSF 

Complex (Dam 5). 
MWS9 1499.40 3400 1 860.76 5097.96 10.28 

4 
Mine Waste 

Solutions Plant 
Area. 

MWS9 49.45 3400 61.37 168.14 0.34 

1 
Hartbeesfonetin 
Reclamation TSFs 

(H1 to H4). 
MWS10 1638.00 1400 837.02 2293.2 4.62 
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No.  Source 
GW 

Management 
Area 

Tot. Pot. 
Seep Rate 

(m³/d) 

Avg TDS 
(mg/L) 

Pot. Mass 
flux to env. 
(ton/year) 

kg/day 
% of 
Total 

2 
Hartbeesfonetin 
Reclamation TSFs 

(H5 nd H6). 
MWS10 973.00 1400 497.20 1362.2 2.75 

1 
Buffelsfontein 
Reclamation TSFs 
(B1). MWS11 

501.20 2400 439.05 1203 2.43 

2 
Buffelsfontein 
Reclamation TSFs 
(B2). MWS11 

459.90 2400 402.87 1104 2.23 

3 
Buffelsfontein 
Reclamation TSFs 
(B3). MWS11 

310.66 2400 272.14 746 1.50 

4 
Buffelsfontein 
Reclamation TSFs 
(B4). MWS11 

422.10 2400 369.76 1013 2.04 

5 
Buffelsfontein 
Reclamation TSFs 
(B5). MWS11 

874.30 2400 765.89 2098 4.23 

    15 307.92   18 104.39 49 601.07 100.00 

        

1 
Kareerand Active 
TSF. 

  
5704.20 3000 6 246.10 17113 161 

2 
Kareerand Exp 
TSF. 

  
1670.00 3000 1 828.65 5010 47 

      7 374.20 6 000.00 8 074.75 22 122.60 208.06 

  



Mine Waste Solutions  Kareerand Hydrogeological Assessment 

17-0109 April 2020 Page 285 

30.1 Overview of historical reports 

The following report extracts provide an overview of certain groundwater aspects identified 

related to the project area: 

1).Investigation into the impact of diffuse seepage from gold mines in the Klerksdorp 

region on water quality in the Vaal River – Phase 2.  Project conducted on behalf of the 

Klerksdorp Mine Managers Association by Anglo American Technical Services (Bush, et, al, 

1996): 

The objectives of the Phase 2 groundwater investigation were identified as follows: 

a) to establish a representative groundwater monitoring system across the 

study area;  

b) to undertake numerical modelling of the dolomite aquifer over the 

Klerksdorp gold field;  

c) to make recommendations on environmental management practices required 

to minimise the future impact of mining activity on the groundwater system; 

and 

d) to comment on remedial actions required to ameliorate the groundwater 

contamination which has already taken place across the study area. 

Main Findings: 

Slimes dams pose the greatest threat to groundwater quality, although seepage from 

other infrastructure such as rock dumps, surface water dams and plant areas also have 

the potential to impact on groundwater quality. 

Comparison of model predictions with the results of groundwater monitoring has 

confirmed that groundwater modelling realistically simulates groundwater conditions 

across the Klerksdorp gold field.  Contaminated seepage from the dolomitic aquifer 

occurs along most of the north bank of the Vaal River and along portions of the 

Koekemoerspruit and Schoonspruit.  The total length of river frontage affected by 

contaminated seepage is in excess of 20 kilometres.  The total volume of seepage to 

surface water is estimated to be 73,1 Ml/day, with the majority of seepage taking 

place along the north bank of the Vaal River.   

This equates to a salt load of approximately 211 tonnes per day of total dissolved 

solids and 121 tonnes per day of sulfate which enter the Vaal River system as a result 

of seepage from the Klerksdorp gold field.  The pollution plume map is shown in Figure 

26. 1. 

It is apparent that groundwater quality across the Klerksdorp gold field has been 

adversely affected as a result of mining, and that contaminated seepage from the 

groundwater system is impacting on water quality within the Vaal River.  It is therefore 

clear that a groundwater management strategy is required to prevent the further 

deterioration of water quality within this aquifer.  The management strategy should 

incorporate the following components: 

a) remediation of existing groundwater contamination;  
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b) introduction of measures to ensure that future impact on the groundwater 

environment is minimised; and 

c) monitoring of groundwater quality to determine the degree of compliance 

with environmental legislation and gauge the success of implementing the 

above measures. 

To achieve compliance with downstream water quality objectives, it is evident that 

the salt load which is presently being introduced to the Vaal River from the Klerksdorp 

gold field must be reduced.  Salts are introduced to the surface water system in this 

area both as a result of diffuse seepage from contaminated portions of the dolomite 

aquifer and as a result of groundwater discharge from point sources such as Margaret 

Shaft at Stilfontein, Pioneer Shaft at Buffelsfontein and the “eyes” at Vaal Reefs and 

Buffelsfontein.   

This study has illustrated that groundwater contribution to the surface water system 

(with the exception of the “eyes” at Vaal Reefs and Buffelsfontein) generally occurs 

as diffuse seepage which takes place over many kilometres of river frontage.  The 

diffuse nature of this seepage and the considerable extent of the seepage front make 

interception of this water problematic.  Although extensive cut off trenches and 

dewatering systems may be capable of intercepting the bulk of seepage, the capital 

costs involved are enormous and the cost of operation and ongoing maintenance are 

also likely to prove prohibitive. 

 
Figure 30-1:  Extent of Sulfate Pollution Plume (Hearne, 1996)  
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31 APPENDIX L:  GLOSSARY 

 

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

groundwater. 

Anisotropic is an indication of some physical property varying with direction 

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

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

Bedrock – A general term for the rock that underlies soil or other unconsolidated superficial material. 

In the Kombat Area bedrock typically consists of solid, fractured dolomite below weathered dolomite. 

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

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

represent natural groundwater divides that, under natural conditions, restrict the movement of 

groundwater to the boundaries of the compartment. 

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

shape of an inverted cone and develops around a well/mine shaft/open pit mine from which water is 

being withdrawn. 

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

point of discharge by impermeable geologic formations; confined groundwater is generally subject to 

pressure greater than atmospheric pressure. 

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

Groundwater flows toward land surface in a discharge area and escapes as a spring, seep, base flow to 

streams, or by evaporation and transpiration. 

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

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

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

wells or excavations.  

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

that are connected. 

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

head is the same at all points. 

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

one another parallel to the fracture. 

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

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

of an unconfined aquifer. 

Heterogeneous indicates non-uniformity in a structure. 

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

time under a unit hydraulic gradient through a unit area measured perpendicular to the area [L/T]. 

Hydraulic conductivity is a function of permeability and the fluid’s density and viscosity. 

Hydraulic gradient is the rate of change in the total head per unit distance of flow in a given direction. 

Hydraulic Head – Generally, the altitude of the free surface of a body of water above a given datum. 
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Hydrodynamic dispersion comprises of processes namely mechanical dispersion and molecular 

diffusion. 

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

precipitation. Interflow occurs when the zone above a low permeability horizon becomes saturated and 

lateral flow is initiated parallel to the barrier. 

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

Mechanical dispersion is the process whereby the initially close group of pollutants are spread in a 

longitudinal as well as a transverse direction because of velocity distributions. 

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

mineralogical, chemical and structural changes caused by high temperature, pressure and other factors. 

Examples include slate, schist and gneiss. 

Molecular diffusion is the dispersion of a chemical caused by the kinetic activity of the ionic or 

molecular constituents. 

Observation borehole is a borehole drilled in a selected location for the purpose of observing 

parameters such as water levels. 

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

main body of groundwater by unsaturated material. 

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

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

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

increasing with increasing alkalinity and decreasing with increasing acidity. 

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

table and a confined aquifer has a piezometric surface, which represents a pressure head. The 

piezometric head is also referred to as the hydraulic head. 

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

usually stated as a percentage. 

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

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

surface. 

Pumping tests are conducted to determine aquifer or borehole characteristics. 

Recharge is the addition of water to the zone of saturation; also, the amount of water added.  

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

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

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

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

shale. 

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

characterised by finely laminated structure and is sufficiently indurated so that it will not fall apart on 

wetting. 

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

aquifer releases from storage under a unit decline in hydraulic head. In the case of an unconfined 

(phreatic, watertable) aquifer, specific yield is the water that is released or drained from storage per 

unit decline in the water table. 
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Static water level is the level of water in a borehole that is not being affected by withdrawal of 

groundwater. 

Storativity is the two-dimensional form of the specific storage and is defined as the specific storage 

multiplied by the saturated aquifer thickness.  

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

water. 

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

conductivity multiplied by the saturated aquifer thickness. 

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

which is bounded from below by an impermeable layer. The upper boundary is the watertable, which 

is in contact with the atmosphere so that the system is open. 

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

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

surface and below by the surface of the zone of saturation, that is, the water table. 

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

unconfined groundwater at which the pressure is equal to that of the atmosphere. 

 

Abbreviations and Acronyms 

  

ABA Acid Base Accounting 

ANC Acid Neutralising Capacity 

ARD Acid Rock Drainage 

DWAF Department of Water Affairs and Forestry 

DWS Department of Water and Sanitation 

EC Electrical Conductivity (mS/m) 

Fe Iron (mg/l) 

K Hydraulic Conductivity (m/day) 

LOM Life Of Mine 

MWS Mine Waste Solutions 

mamsl Meters above mean sea level 

mbgl Meters below ground level 

MPA Maximum Potential Acidity 

NAG Net Acid Generation 

NGDB National Groundwater Database 

RWQO Receiving Water Quality Objectives (Department of Water and Forestry; South 

Africa) 

S Storativity 

SO4 Sulfate (mg/l) 

TDS Total Dissolved Solids (mg/l) 

TSF Tailings Storage Facility 
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32 DETAILS OF THE SPECIALIST, DECLARATION OF INTEREST 

 

DETAILS OF THE SPECIALIST, DECLARATION OF INTEREST AND UNDERTAKING UNDER OATH 

 

Application for authorisation in terms of the National Environmental Management Act, Act No. 107 of 1998, 
as amended and the Environmental Impact Assessment (EIA) Regulations, 2014, as amended (the 
Regulations) 

 
PROJECT TITLE 

Kareerand – Hydrogeological Assessment 
 

SPECIALIST INFORMATION 

 

Specialist Company 
Name: 

GCS Water and Environment Pty Ltd 

B-BBEE  Contribution level 
(indicate 1 to 8 or non-
compliant) 

4 Percentage 
Procurement 
recognition  

 

Specialist name: Pieter Labuschagne 

Specialist 
Qualifications: 

MSc Hydrogeology and M Environmental Management 

Professional 
affiliation/registration: 

PR SCI NAT 400386 

Physical address: 4A Old Main Road Kloof, 3610 

Postal address:  

Postal code:  Cell:  

Telephone: 031 764 7130 Fax:  

E-mail: pieterl@gcs-sa.biz   
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DECLARATION BY THE SPECIALIST 

 

I, _Pieter Labuschagne, declare that – 

 

• I act as the independent specialist in this application; 

• I will perform the work relating to the application in an objective manner, even if this results in views 

and findings that are not favourable to the applicant; 

• I declare that there are no circumstances that may compromise my objectivity in performing such 

work; 

• I have expertise in conducting the specialist report relevant to this application, including knowledge 

of the Act, Regulations and any guidelines that have relevance to the proposed activity; 

• I will comply with the Act, Regulations and all other applicable legislation; 

• I have no, and will not engage in, conflicting interests in the undertaking of the activity; 

• I 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 myself for submission to the competent authority; 

• all the particulars furnished by me in this form are true and correct; and 

• I realise that a false declaration is an offence in terms of regulation 48 and is punishable in terms of 

section 24F of the Act. 

 

 

Signature of the Specialist 

 

GCS 

Name of Company: 

 

26 June 2019 

Date 

 

 


