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Executive Summary 

Introduction and Study Purpose 
Transvaal Gold Mining Estates Limited (“TGME”), a subsidiary of Theta Gold Mines Limited, 
propose to re-operationalize its historical underground mines within the 83MR Mining Area 
which includes the Frankfort, Beta North and the Clewer Dukes and Morgezon (“CDM”) 
underground mines.  
The proposed project will require additional surface infrastructure to support the underground 
working, the expansion of the current Tailings Storage Facility (“TSF”) and an upgrade of the 
old TGME process plant.  
The purpose of this feasibility phase study is to establish the baseline groundwater conditions 
of the project area and to identify the potential impacts of the proposed mining operations on 
the geohydrological regime. The objective of the study is to understand the baseline 
groundwater levels and groundwater quality in the area of the project. 
The deliverables from the study include the following: 

• Desktop study of existing information. 

• Conceptual model of the groundwater system. 

• Assessment of the waste material. 

• Groundwater quality interpretation. 

• Numerical groundwater modelling. 

• Assessment of the impacts associated with the operational and closure phases of 
project.  

• Recommended mitigation and groundwater management options. 

Geology and Aquifer Development 

The Sabie-Pilgrims Rest goldfield is situated in eastern Mpumalanga, overlying the preserved 
eastern rim of the early Proterozoic Transvaal basin. This north-south trending, shallow 
westerly dipping, metallogenic province (goldfield) extending for approximately 140 km in a 
north-northeasterly direction, over a maximum width of 30 km along the Great Escarpment 
of Southern Africa. 
Gold mineralisation occurs on the eastern margins / rim of the early Proterozoic Transvaal 
Basin, marked by the Drakensburg escarpment. The mineralisation occurs within 
sedimentary host rocks of the late Archaean to early Proterozoic Transvaal Supergroup. The 
Sabie-Pilgrims Rest Goldfield stratigraphic succession, younging upwards, includes Achaean 
basement granite, as well as, minor volcano-sedimentary succession of Godwan Group and 
Wolkberg Group clastic sediments that uncomformably overlie the basement rocks. The 
Transvaal Supergroup is separated from the Wolkberg Group by an angular unconformity. 
The primary reefs that are present in the studied area are as follows: 

• Shale Reefs; 

• Bevetts Reef; 

• Upper Rho Reef; 

• Lower Rho Reef; 

• Upper Theta Reef; 

• Lower Theta Reef; and 

• Beta Reef. 
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The region is structurally complex with several faults dissecting the study area.  

Geohydrological Setting 

Karstic aquifers associated with the Malmani Dolomites are underlying the TGME Project 
mining sites. Karst is a topography formed from the dissolution of soluble rocks such as 
limestone, dolomite, and gypsum. It is characterized by underground drainage systems with 
sinkholes and caves. An area currently or formerly undergoing karstification, and thus 
characterized by karst landforms, is said to be karstified. 
Based on the monitoring boreholes in the area the groundwater level varies between 
1 224.43 – 1240.52 metres above mean sea level (mamsl). The water table in the dolomitic 
aquifer is generally a flat surface due to high aquifer parameters, and it is assumed that it is 
the same in the study area.  
The dolomitic aquifer is an important aquifer and it is imperative that it is protected. The 
groundwater quality in this aquifer is currently very good, based on the current mine 
monitoring data as well as samples collected during this investigation. Water seeping from 
the mining areas, such as the Beta Adit, is generally also good. This is an indication that the 
buffering capacity of the host rock (dolomite) neutralises the acid generating potential of the 
reef horizon, which is generally pyritic in nature. 
Recharge to the aquifer is in the region of 10% of the Mean Annual Precipitation (MAP). 

Geohydrological Risks 

There are essentially three potential primary risks associated with the proposed mining. 
These are: 

1. Lowering of the regional groundwater level due to inflow of groundwater into the mine 
workings. 

2. Impact on the regional groundwater quality because of seepage of contaminants from 
the mining operations. 

3. Impact on the regional groundwater quality because of seepage of contaminants from 
the TSF. 

The following mitigation measures are recommended for the above impacts: 
1. Groundwater intersected in the mine workings is detrimental towards the operations 

and will therefore be sealed as far as possible. The aim is to minimise the groundwater 
inflow into the mine. 

2. The aim is to keep the mine as dry as possible through grouting and sealing (probably 
high-rate resin injection) of fissures. Any ingress water into the mine should be 
abstracted as quickly as possible to minimise the contact with potential contaminants. 
Mine service water will be circulated in a closed loop. Implementation of passive water 
treatment for post-closure may be considered if necessary. 

3. The aim is to minimise the seepage into the tailings material, to collect and return as 
much as possible of the water on the TSF. The TSF extension and return water dams 
will have barrier systems as per the Civil engineering designs by Eco Elementum. 
Groundwater quality monitoring will be conducted as an early warning to potential 
impacts and to verify the findings of the numerical model. Post-closure rehabilitation 
and passive treatment (if required). 

Geochemical Assessment 

Rock samples from Beta and Frankfort mine were sent to a laboratory for processing through 
a testing circuit plant to produce material that would be representative of the waste material 
that would be produced via the DMS plant, as well as tailings material that would be produced 
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by the plant. This process was completed, and the resulting water and waste were analysed 
and classified. Samples were also collected and analysed from the existing tailings material, 
as well as the old CDM and Frankfort waste rock dumps. 
Geochemical Dynamic Systems (GeoDyn, 2021) conducted a Waste Classification and Risk 
Assessment of the mineral waste material from TGME. The key objectives of the geochemical 
assessment were to conduct a waste classification of the mineral waste material in 
accordance with the requirements of the National Norms and Standards for the Assessment 
of Waste for Landfill Disposal published under GN R635 in GG 36784 of 23 August 2012 in 
terms of the National Environmental Management: Waste Act 58 of 2009 (NEMWA GNR 
635), and to conduct a risk assessment of the mineral waste to inform the final classification.  

The following conclusions follow from the geochemical assessment: 

• The new tailings material does not have any parameters which exceed the LCT0 
regulatory values. Overall, this waste classifies as Type 3. However, as the kinetic 
geochemical model has indicated that the exceedance of any of the parameters 
above the LCT0 values is unlikely, the waste should be classified as Type 4, i.e. inert. 

• The Old (historic) tailings material as well as the DMS Float waste material classifies 
as Type 2. However, the kinetic geochemical model indicates that although arsenic 
and sulphate concentrations in this waste material is likely to exceed the LCT0 values, 
it is not likely to exceed the LCT1 regulatory values for these parameters. Therefore, 
the Old tailings as well as the DMS waste material should be classified as Type 3, i.e. 
low risk. 

• The CDM and Frankfort mineral waste material classifies as Type 3, but it can be 
managed as Type 4 i.e., inert, material. 

• The current groundwater and surface water hydrochemistry indicates that AMD 
drainage conditions have not developed in response to the historic tailings facilities. 
The geochemical modelling indicates that this scenario is likely to perpetuate into the 
future. 

Although the geochemical assessment recommends a relaxation of the waste type, 
the barrier designs are still based on a Type 3 waste. 

Groundwater Quality 

The following conclusions were reached based on the groundwater sampling. 

• Although some parameters exceed the very stringent WUL limits, the groundwater 
quality is good. The exception is borehole FS02, which indicates impacted water. 

• The groundwater in the vicinity of the historically flooded adit (FS02) shows impact of 
previous mining activities with elevated sulphate, calcium and magnesium and hence 
the high TDS values. This is common where mine water is in contact with dolomitic 
water which attempts to neutralize the pH, but dissolves calcium and magnesium in 
the process. There are also metal exceedances such as aluminium, arsenic, iron, 
manganese, and nickel exceeding the SANS 241 drinking water guidelines.  

• Newly drilled boreholes at the TSF show some impact. Exceedances of the drinking 
water guidelines include nitrate (TSF04), ammonium (TSF01, TSF02 and TSF04), 
calcium and magnesium (TSF04) and manganese (TSF01 and TSF02). All three 
boreholes exceed the WUL limits for sulphate and sodium. Other than these minor 
exceedances, the metals are below guideline limits or below the detection limit.  

• The older boreholes close to the TSF (BGW06 and BGW07) show similar 
exceedances to the aforementioned. These exceedances include elevated Sulphate 
(BGW07), Ammonium (BGW06), Calcium, Sodium, Aluminium (BGW07) and 
Manganese (BGW07).  



 

 

v 

• The borehole BGW04, which is down-gradient from the TSF and closest to the Blyde 
River, shows no impact, and a marginal exceedance of aluminium is recorded. None 
of the other parameters exceed the guideline limits. This suggests that the plume 
migration from the TSF has not reached this point.  

• Borehole BGW02, which is down-gradient from the plant exceed the SANS 241 
guidelines for arsenic, iron, manganese, and mercury.  

• Boreholes BC02 and BN03 are near the proposed Beta area. Borehole BC02 is down 
gradient of the plant and TSF area, but opposite side of the Blyde river. Exceedances 
include calcium, magnesium, aluminium, arsenic, iron, and manganese. When 
screened against the WUL limits, the exceedances include TDS and sulphate.  

• Borehole BN03 exceed WUL limits for calcium, aluminium, and manganese.  
Generally, the groundwater quality is good and there are no parameters of concern in the 
groundwater which exceed the SANS 241 drinking water guidelines significantly.  
The presence of aluminium, iron, mercury, arsenic and manganese in the groundwater can 
be attributed to the geological composition of the host rock. Borehole BC02 for example is 
not within the flow path of any potential mine contaminant source, yet it also has elevated 
concentrations of these parameters. 
It is nevertheless important to monitor these parameters over time. 

Numerical Groundwater Flow and Contaminant Modelling 

According to the geochemical modelling the TDS concentrations at source are 2 299 mg/L 
for the existing tailings and 105 mg/L for the new tailings. The high modelled TDS 
concentration is significantly higher than the leach test TDS concentrations of 396 mg/L and 
436 mg/L for the two tailings samples.  
Using a source TDS concentration of 2 299 mg/L in the numerical model is not supported by 
the concentrations in the monitoring boreholes. The TDS concentrations in the groundwater 
monitoring boreholes closest to the TSF are 496 mg/L (BGW6) and 476 mg/L (TSF04). The 
input source concentration was therefore changed during the mass transport model 
calibration until the concentrations in the boreholes are mimicked by the model. 
The calibrated TDS concentrations that were finally used to define the source term 
concentrations (tailings) as input into the mass transport model are as follows: 

• Operational TDS concentration: 860 mg/L. 

• Post-closure TDS concentration: 540 mg/L.  
The calibrated source concentrations are an indication that the geochemical model is 
conservative and probably an overestimate of the actual impact concentrations. 
It is important to note that these concentrations are significantly less than the SANS 241 
(2015) drinking water limits of 1 200 mg/L. 
The numerical groundwater modelling concluded the following: 

• Groundwater flow currently appears most prominent along the dyke that was 
identified during the geophysical study and subsequent drilling. Typically, a river 
would act as a groundwater flow barrier, but it was established in this instance that 
the Blyde River is a losing river. The groundwater levels next to the river is 
approximately 2m deeper than the base of the river. As a result, the “contaminant” 
plume continues to migrate beyond the river, along the dyke. The term 
“contaminant plume” is loosely used to illustrate leachate seepage from the TSF. 
The potential contaminant concentrations in the source are very low based on the 
waste assessment and geochemical assessment. Therefore, there is currently no 
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impact on the Blyde River. Previous assessments of the water quality in the Blyde 
River confirms this finding. 

• The plume migration after 100 years shows even less potential impact on the Blyde 
River. The reason for this is primarily due to a lower source term concentration that 
will come into effect when the new tailings are deposited. The new tailings 
deposition contain significantly lower contaminant concentrations resulting in an 
improved leachate quality. 

• Although the perceived impact from the TSF is low, the most effective solution to 
contain any contamination that may be detected, is through scavenger boreholes. 
Model simulations indicated that this is a very effective remedial option, if required. 

• The simulated impacts from the TSF show negligible impacts. These simulations 
were done without any liner system. The mine, however, proposes to install a 
Class C liner on top of the existing tailings, prior to commencing with further 
deposition. The benefit of such a liner is that it will minimise any further seepage 
from the TSF, and it is expected that the current contaminant concentrations in the 
groundwater will dissipate naturally over time. 

Estimated Groundwater Flow into Underground Mining 

The historical mining intersected some water during its operations. The adits where water 
flows from the mine workings includes the following: 

• Beta Adit:    Estimated flow 1 350 m3/day. 

• Morgenzon Adit:  Estimated flow 80 m3/day. 

• Clewer Adit:   Unable to assess due to illegal mining activity. 

• Frankfort Mine:   No information. 
The current inflow volumes have not been measured accurately, but the estimated flow from 
the Beta mine is considered the most accurate. The calculations in this report are largely 
based on the current inflow, represented by the outflow from Beta adit, into the Beta mine. 

The estimated future groundwater inflow volumes into the different mines are as follows: 

• Beta:      Estimated flow 2 307 m3/day. 

• Clewer – Dukes – Morgenzon:  Estimated flow 1 378 m3/day. 

• Frankfort:      Estimated flow 551 m3/day. 
The continuous inflow of groundwater into the mine may lead to an impact on the groundwater 
levels overlying the mine workings. The simulated groundwater level impacts (drawdown 
>0.1m), to account for the current inflow, however, indicated that the impacts are localised 
and not expected to be noticeable. 
The calculated groundwater inflows are in all instances higher than the volumes allowed for 
by Eco Elementum (2021). At the time when Eco Elementum did the water balances the 
expected groundwater volumes were not available. 
Based on the geohydrological assessment the water balances change as follows: 

• Expected maximum groundwater inflow volumes into the underground operations is 
4 236 m3/day (1 546 140 m3/ annum). This volume will not be instantly but will increase 
over time to this maximum estimated volume. This gradual increase can be more 
accurately calculated once the mine scheduling becomes available.  

• The Eco Elementum report indicated that there will be a daily make-up water shortfall 
of approximately 795.95 m3/day (290,521.6 m3/annum), that should be supplemented 
from external sources. 
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• The water balance further includes a volume of 580 m3/day (211 846 m3/annum) to 
be abstracted from the Blyde River and 28 m3/day (10 366 m3/annum) to be extracted 
from the Molototse River. 

• The excess groundwater can make-up for any shortfall and in time replace abstraction 
from the Blyde and Molototse Rivers.  

• It is estimated that a maximum volume of 3 627 m3/day (1 323 928 m3/annum) of 
excess groundwater (after replacing abstraction from the rivers) may have to be 
treated before discharging back into the Blyde River. 

Recommendations 

The biggest concern regarding the groundwater is the potential seepage of contaminants 
from the mining site, specifically the TSF, to the groundwater.  
Due to the low risk posed by the waste material and the mining in general there are currently 
no additional management requirements, other than groundwater monitoring. The planned 
post-closure rehabilitation of the TSF will further protect the underlying groundwater resource.  
A detailed geophysical survey was conducted as part of the dolomite stability assessment for 
the proposed project. Thirty-one percussion boreholes were drilled in accordance with SANS 
1936-2. Seven of these boreholes were constructed to act as groundwater monitoring 
boreholes for the proposed infrastructure expansion. The remaining boreholes were 
backfilled according to SANS guidelines. 
A groundwater monitoring network is therefore in place, which includes the newly drilled 
boreholes. The current groundwater monitoring points are adequate, and no further 
expansion of the network is recommended at this stage.  
In the operational phase and closure phase, quarterly monitoring of groundwater quality and 
groundwater levels is recommended. It is important to note that a groundwater-monitoring 
network should also be dynamic. This means that the network should be extended over time 
to accommodate the migration of potential contaminants through the aquifer as well as the 
expansion of infrastructure and/or addition of possible pollution sources.  
New mining ventures seldom have detailed, closely spaced, site-specific information and 
several assumptions must be made during these assessments. The TGME Project, however, 
is different and the closely spaced exploration drilling provided valuable information on the 
geology that allowed for a thorough geohydrological conceptual model to be developed. The 
historical mining in the region and recent studies in the existing mining areas provided 
valuable information that was incorporated into the assessment. This increases the 
confidence in the conclusions that were reached.  
As mining and groundwater monitoring continues the conceptual and numerical modelling 
can be verified and adjusted if necessary.  
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1. INTRODUCTION 

Transvaal Gold Mining Estates Limited (“TGME”), a subsidiary of Theta Gold Mines 
Limited, is the holder of an existing mining right with Department of Mineral Resources 
and Energy (“DMRE”) Reference Number: MP 30/5/1/2/2/83 MR (“83MR”) with effective 
date 16 October 2013.  
The 83MR mining area comprises Portions 1, 2, 3, 4, 5 and the Remaining Extent of the 
farm Frankfort 509KT, the farm Krugers Hoop 527KT, Portion 1 and the Remaining 
Extent of the farm Van Der Merwes Reef 526KT, Portions 1, 2 and the Remaining Extent 
of Portions of the farm Morgenzon 525KT, the farm Peach Tree 544KT, and Portions 18, 
42, 43, 44 and the Remaining Extent of the farm Ponieskrans 543KT ("Mining Area").   
TGME propose to re-operationalize its historical underground mines within the 83MR 
Mining Area which includes the Frankfort, Beta North and the Clewer Dukes and 
Morgezon (“CDM”) underground mines.  
The proposed project will require additional surface infrastructure to support the 
underground working, the expansion of the current Tailings Storage Facility (“TSF”) and 
an upgrade of the old TGME process plant.  
To mitigate the risk of loss of Critical Biodiversity Areas (“CBA’s”), sensitive floral 
communities, threatened ecosystems and floral Species of Conservation Concern 
(SCC’s) a biodiversity verification and pre-feasibility assessment was conducted in May 
2021 to identify environmental buffer zones. The assessment informed the engineering 
concept designs to ensure that the surface infrastructure layout is limited to previously 
disturbed areas where possible.  
TGME is confident that the project will have positive impact on the lives of the host 
communities by creating much needed jobs and downstream economic development; 
thereby assisting in accelerating the South African government’s post-COVID economic 
recovery plan. Further, TGME’s corporate presence in the region will result in a net 
positive benefit to the Blyde River catchment, safety and security of the host community 
and local tourism revenues, which would otherwise continue to deteriorate at the mercy 
of alien invasive vegetation and illegal miners. 
Before TGME may commence with proposed project the following environmental 
authorisation and licence applications must be approved in accordance with the relevant 
national legislation: 

• An integrated application for Environmental Authorisation (EA) in terms of the 
National Environmental Management Act No. 107 of 1998 (NEMA) and for a 
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Waste Management Licence (WML) in terms of the National Environmental 
Management: Waste Act No. 59 of 2008 (NEM:WA). 

• Application for amendment to the current Environmental Management 
Programme ("EMPr") approved by the DMRE in terms of the Mineral and 
Petroleum Resources Development Act, 2002 (Act No. 28 of 2002) (MPRDA) on 
16 October 2013.  

• Application for a Water Use Licence (WUL) under the National Water Act No. 36 
of 1998 (NWA) will be submitted for approval to the Department of Water and 
Sanitation (DWS). 

• Application for an Atmospheric Emission License (AEL) under the National 
Environmental Management: Air Quality Act, 2004 (Act No. 39 of 2004) 
(NEM:AQA), required to operate the upgraded process and beneficiation plant. 

MvB Consulting was appointed by TGME to conduct a geohydrological assessment for 
the proposed reinstatement of mining activities at the various mining operations.   

2. STUDY PURPOSE AND TERMS OF REFERENCE 

The purpose of this study is to establish the baseline groundwater conditions of the 
project area and to identify the potential impacts of the proposed mining operations on 
the geohydrological regime. The objective of the study is to assess the potential impacts 
and to recommend suitable management options to mitigate any impacts that may occur. 
The geohydrological study includes the following: 

• Desktop study of existing information. 

• Conceptual model of the groundwater system. 

• Assessment of the waste material. 

• Groundwater quality interpretation. 

• Numerical groundwater modelling. 

• Assessment of the impacts associated with the operational and closure phases 
of project.  

• Recommended mitigation and groundwater management options. 
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3. SITE LOCALITY AND DESCRIPTION 

3.1 Locality of the TGME Mining Right 

The proposed study area is situated to the south and west of the town of Pilgrims Rest, 
Mpumalanga (Figure 3.1). The proposed property area falls within the jurisdiction of the 
Thaba Chweu Local Municipality and within the greater Ehlanzeni District Municipality.  

3.2 Project Description 

The regional mining area is summarised in Table 3.1 and shown in Figure 3.2. 

Table 3.1:  Mining rights summary for the 83MR 

MR No Holding 
Company Farms Farm Portions Minerals Area 

(Ha) 
Effective 

Date 
Expiry 
Date Comment 

MR83 TGME 

Frankfort 509KT RE, Ptn 1, Ptn 2, Ptn 3, Ptn 
4, Ptn 5 

Gold ore, 
silver ore, 

copper ore, 
stone 

aggregate 

9,413.3366 16-Oct-13 15-Oct-
23 Active. 

Krugers Hoop 527KT Farm 

Van der Merwes Reef 
526KT RE, Ptn 1 

Morgenzon 525KT RE, Ptn 1, Ptn 2 

Peach Tree 544KT Farm 

Ponieskrans 543KT RE, Ptn 18, Ptn 42, Ptn 43, 
Ptn 44 

The gold mining operations that form part of the Greater TGME mining rights consist of: 

• The plant, offices and tailings facility. 

• Dukes Hill Upper and Lower. 

• Clewer – Morgenzon Complex. 

• Frankfort Mine. 

• Beta North Mine. 
For the Phase-I development, TGME wishes to develop the starter operations to include 
Frankfort, Beta and CDM underground mines, upgrading the existing metallurgical plant 
and TSF as a phase one central facility (Eco Elementum, 2021). 
To meet the deposition requirements of the Phase-I mining development, the extension 
of the TSF will have to be undertaken in two stages. The first stage (Stage-I) will consist 
of the vertical extension of the existing TSF up to the final design height. The second 
stage (Stage-II) will entail extending the footprint to the open area, to the east of the 
existing TSF. 
The various project localities are presented in Figure 3.2. 
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Figure 3.1: Locality of the TGME Mining Right  
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Figure 3.2: Project localities 
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4. GEOGRAPHICAL SETTING 

4.1 Topography and Drainage 

The project area is located in the midst of the Drakensberg Mountain range, with Pilgrims 
Rest at an elevation of 1 300m above sea level and the Lowveld stretching eastwards 
from the Great Escarpment with an elevation of under 750 metres above mean sea level 
(mamsl). The project area is dissected by river erosion, with the Blyde River Canyon 
reaching a depth of over 770m (GCS, 2005). 
Figure 4.1 shows the regional topography, as well as the drainage system within the 
study area and environs. The Blyde River is the primary drainage feature in the study 
area. 

4.1.1 Water Management Area 

Further to the above, the DWS have divided South Africa into 9 Water Management 
Areas (WMAs), managed by separate Catchment Management Agencies (CMA). The 9 
WMAs include the Limpopo, Olifants, Inkomati-Usuthu, Pongola-Mtamvuna, Vaal, 
Orange, Mzimvubu-Tsitsikamma, Breede-Gouritz and Berg-Olifants. 
The project is located in the upper Blyde River catchment, within quaternary catchments 
B60A and B60B, in the Olifants WMA (Figure 4.1). The project area is drained by a 
number of non-perennial drainage lines, which are tributaries of the Blyde River. The 
Blyde River has its source approximately 20 km south-west of the project, flowing into 
the Blyderivierpoort Dam, 40 km to the north-east of the project. From the 
Blyderivierpoort Dam, the Blyde River continues in northerly direction for approximately 
45 km, until its confluence with the Olifants River, near the town of Hoedspruit 
(Hydrospatial, 2020). 
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Figure 4.1: Regional topography and drainage 
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4.2 Climate and Rainfall 

The climatic conditions for this region are typical of that of the eastern Mpumalanga 
region consisting of very hot summers and cool to cold winters. Rainfall occurs during 
summer thunderstorms, which are accompanied by lightning and occasional hail. 
Morning fog is common in summer but usually clears up by midday (Glynn’s Lydenburg 
EMP, 2009). The Mean Annual Precipitation (MAP) for the region varies between 2 000 
mm on the escarpment to around 600 mm in the Low veld (Glynn’s Lydenburg EMP, 
2009). Most of the rainfall occurs between November and March, in the form of tropical 
storms. The highest annual rainfall recorded occurred in the hydrological year 1987/88 
where a depth of 1 283.3 mm was recorded. The lowest annual rainfall recorded occurred 
during the hydrological year 1991/92 where a depth of 560.5mm was recorded. 
The closest rainfall stations to the project with long-term rainfall data are the Pilgrims 
Rest and Morgenzon stations. Monthly patched rainfall was downloaded from the 
WR2012 study website, which has rainfall data up to September 2010. The Pilgrims Rest 
station has been decommissioned, however, rainfall from the Morgenzon station, which 
is still in operation, was purchased from the South African Weather Service (SAWS) for 
the period of October 2010 to September 2019.  
The project is located in a high rainfall area, with a Mean Annual Precipitation (MAP) of 
948 mm. Rainfall is highest over the summer months of October to March, with January 
and February being the wettest months. Rainfall is lowest over the months of April to 
September, with June and July being the driest months. The average monthly rainfall for 
the region is summarised in Table 4.1 and the average regional rainfall is graphically 
illustrated in Figure 4.2. 

Table 4.1:  Average monthly rainfall 
Month Average Monthly Rainfall (mm) 
January 184 
February 162 

March 115 
April 58 
May 20 
June 10 
July 10 

August 12 
September 27 

October 71 
November 130 
December 149 

Annual Total 948 
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Figure 4.2: Average monthly rainfall 

Monthly Symon’s Pan (S-Pan) evaporation was obtained from the WR2012 study for 
quaternary catchment B60A. S-Pan evaporation measurements are not a true reflection 
of evaporation from natural open water bodies, as the water temperatures in the S-Pan 
are higher, resulting in higher evaporation rates. In order to convert S-Pan 
measurements to open water evaporation, monthly open water evaporation conversion 
factors were used, which were obtained from the WR2012 study. Evaporation is highest 
over the months of October to March, and lowest over the cooler months of May to 
August. 
Evaporation exceeds the rainfall in the region and average 1 179 mm/annum, compared 
to the average rainfall of 948 mm/annum. The adopted monthly evaporation for the 
project is presented in Table 4.2 and Figure 4.3 (Pirie, 2020). 

Table 4.2:  Monthly evaporation (Pirie, 2020) 

Month Symon's Pan Evaporation (mm) Open Water Evaporation Factor Open Water Evaporation (mm) 
January 158 0.84 133 
February 135 0.88 119 

March 133 0.88 117 
April 101 0.88 89 
May 88 0.87 77 
June 72 0.85 61 
July 78 0.83 65 

August 99 0.81 80 
September 120 0.81 97 

October 133 0.81 108 
November 133 0.82 109 
December 151 0.83 125 

Total 1 401 N/A 1 179 



10 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

 
Figure 4.3: Average monthly evaporation for the region 

4.3 Land Use 

The land use in the region is dominated by forestry activities. Secondary uses include 
mining, agriculture and residential.  
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5. SCOPE OF WORK 

5.1 Introduction 

The following sections describes the methodology and findings of the geohydrological 
assessment. 

5.2 Regional Resource Determination 

A key aspect of any groundwater assessment is a thorough understanding of the 
groundwater resource. The groundwater resource is described according to the following 
criteria: 

• Aquifer boundaries. 

• Aquifer type. 

• Groundwater usage. 

• Hydro-chemistry. 

• Drainage and baseflow. 

• Aquifer recharge. 

• Aquifer classification. 

6. METHODOLOGY 

6.1 Desktop study 

Several geohydrological studies have been conducted in the region and since no mining 
has taken place in the past 10 years these studies are still regarded as relevant. Studies 
that were consulted in this assessment include the following: 

• Van Heerden D, Engelmann U and Odendaal NJ (2018). Stonewall Mining (Pty) 
Ltd. Scoping Study. Theta Hill and Browns Hill. Minxcon Report No. P2018_029a. 

• Engelmann U, (2018). Independent Competent Person’s Report on the Sabie-
Pilgrims Rest Projects, Mpumalanga Province, South Africa. Mineral Resource 
Report. Minxcon Report No M2018-10a. 

• Van Biljon M (2017). Assessment of the Geohydrological Conditions Within the 
Proposed 10167 Mining Rights Application Area, Pilgrims Rest Region. 
Stonewall Mining (Pty) Ltd. MvB Consulting Report No. MvB005/17/A002. 

• Epoch Resources (Pty) Ltd (2018). Transvaal Gold Mining Estates Process Plant 
Technical Study, Review of the existing Tailings Storage Facility Report. 

• Venter S (2008). Transvaal Gold Mining Estates Limited. Amendment to the 
TGME EIA/EMP. Environmental Scoping Report in Terms of the Mineral and 
Petroleum Resources Development Act (Act No. 28 Of 2002). MP 30/5/1/2/2/83 
MR. GCS (Pty) Ltd. 

• Troskie K (2009). TGME Pilgrim’s Trend Deposits. Hydrogeological Investigation 
Report Version – 1. Project Number: TGME.07.310 
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6.2 Hydro-census and Borehole Information 

Groundwater boreholes in the region are scarce and mainly restricted to scattered mine 
investigative / monitoring boreholes. Boreholes drilled during previous investigations 
were consulted to form an understanding of the geohydrological regime of the study area. 
This understanding was supplemented by information obtained from exploration 
boreholes in the study area.  
The localities of the available boreholes are shown on Figure 6.1 and the 
geohydrological borehole information is summarised in Table 6.1. 

Table 6.1:  Borehole information 

Borehole ID Locality 
Coordinates Depth Groundwater Level 

Longitude Latitude Collar (m) (mbs) (mamsl) 
BGW1 TGME Plant 30.7381 -24.9187 1280.00 10 Dry Dry 
BGW2 TGME Plant 30.7381 -24.9187 1280.00 Unknown 28.00 1252.00 
BGW3 TGME TSF 30.7364 -24.9120 1260.00 Unknown 8.00 1252.00 
BGW4 TGME TSF 30.7364 -24.9120 1260.00 Unknown 8.00 1252.00 
BGW5 Brown Hill 30.7448 -24.9153 1314.57 Unknown Dry Dry 
BGW6 TGME TSF SE 30.7441 -24.9125 1279.10 Unknown 46.00 1233.10 
BGW7 TGME TSF NE 30.7438 -24.9119 1268.84 38 35.00 1233.84 
BGW9 Clewer Main 30.7258 -24.8749 1320.00 Unknown 5.00 1315.00 
BGW10 Morgenzon Main 30.7245 -24.8747 1320.00 Unknown 5.00 1315.00 
BGW16 Frankfort 30.7430 -24.8097 1260.00 Unknown 6.52 1253.48 

TG2 TGME Plant 30.7401 -24.9198 1286.84 30 25.57 1261.27 
TG1 TGME Plant 30.7363 -24.9124 1262.05 30 8.70 1253.35 

TG1-SM TGME Plant 30.7361 -24.9125 1260.80 10 8.85 1251.95 
HMB1 Hermansburg 30.7455 -24.7750 1654.36 117 73.00 1581.36 
HMB2 Hermansburg 30.7515 -24.7789 1580.00 60 Dry Dry 
HMB3 Hermansburg 30.7641 -24.7737 1480.90 133 117.00 1363.90 
BH3 TGME TSF 30.7400 -24.9128 1279.95 Unknown Dry Dry 

DG1-BH1 Trend deposits 30.7660 -24.9238 1465.51 Unknown Dry Dry 
DG2-BH1 Trend deposits 30.7660 -24.9238 1465.51 Unknown Dry Dry 
BH North Bourke’s Luck 30.8084 -24.6819 1152.25 Unknown 45.00 1107.25 

Vaalhoek 2# Vaalhoek Shaft 30.7681 -24.7599 1263.26 Unknown 137.00 1126.26 
Frankfort BH Frankfort 30.7432 -24.8096 1260.00 Unknown 6.52 1253.48 

Fountain Vaalhoek 30.7718 -24.7501 1307.86 Unknown 0.00 1307.86 
Forestry BH Golf Course 30.7447 -24.8856 1269.05 Unknown Locked Locked 

Note: mbs = metres below surface 
 mamsl = metres above mean sea level 
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Figure 6.1: Regional borehole locality plan  
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6.3 Drilling and siting of boreholes 

Thirty-one (31) boreholes were drilled as part of the dolomite stability assessment. Seven 
of these boreholes were constructed to act as groundwater monitoring boreholes for the 
proposed infrastructure expansion. The remaining boreholes were backfilled according 
to the SANS guidelines.   
The borehole samples were delivered to Jones & Wagener, who logged the chip samples 
to assign a hazard class for the risk assessment related to sinkhole development and 
subsidence. Section 7.2 provides detail on the newly drilled groundwater monitoring 
boreholes. 

6.4 Geophysical survey 

ASST (Pty) Ltd was commissioned by MVB Consulting, on behalf of TGME to conduct 
gravimetric surveys as part of the dolomite stability assessment. The method of 
investigation included a comprehensive gravity survey, on a 10m-by-10m grid. Where 
access allowed, the surveys were extended on a 40m grid to provide additional 
coverage.  
Gravity surveys allowed for the ideal location of percussion boreholes. Thirty-one (31) 
percussion boreholes were drilled in accordance with SANS 1936-2. The boreholes were 
drilled to a depth of 60m, or to where 6m of competent rock had been proven or to where 
drilling had to be terminated due to drilling rods becoming stuck.  
Chip samples were taken at 1.0 m intervals and logged by a qualified engineering 
geologist, in accordance with standard procedures.  

6.5 Aquifer testing 

Aquifer testing was performed on three (3) of the newly drilled boreholes to determine 
the aquifers response to abstraction and to determine the aquifer parameters.  

6.6 Sampling and Chemical Analysis 

Groundwater samples were collected from the existing as well as from the new 
groundwater monitoring boreholes. The boreholes were sent to Waterlab, a SANAS 
accredited laboratory.   

6.7 Groundwater Recharge Calculations 

Recharge is defined as the process by which water is added from outside to the zone of 
saturation of an aquifer, either directly into a formation, or indirectly by way of another 
formation. Groundwater recharge (R) for the study area was calculated using the chloride 
method (Bredenkamp et al., 1995) and is expressed as a percentage of the Mean Annual 
Precipitation (MAP). The method is based on the following equation: 

100
 watergroundin ion  concentrat  Cl ofmean   Harmonic

rainfallin  ion  concentrat  ChlorideR ×=  

The average chloride in rainfall for areas inland is approximately 0.5 mg/ℓ and the 
harmonic mean of the chloride concentration values in groundwater samples obtained 
from the mining area is 4.85 mg/ℓ.  

%3.10100
85.4
5.0R =×=  

The calculated recharge percentage is relatively high, but in line with dolomite aquifers. 
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6.8 Numerical Groundwater Model 

The conceptual geohydrological model was translated to a calibrated numerical 
groundwater flow and mass transport model, focusing specifically on the potential impact 
from the TSF. FEFLOW a modular three-dimensional finite element groundwater flow 
model was the software used during this investigation. It is an internationally accepted 
modelling package which calculates the solution of the groundwater flow equation using 
the finite element approach. 

6.9 Groundwater Availability Assessment 

A groundwater availability assessment is typically done when groundwater abstraction 
occurs to ensure that over exploitation does not take place.  
The mine does not propose to actively abstract groundwater but may encounter 
groundwater underground. The potential impact from removing this water from the 
aquifer is addressed in the report.  
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7. PREVAILING GROUNDWATER CONDITIONS 

The prevailing groundwater conditions, or the conceptual geohydrological model, was 
assessed based on available data, previous studies, and additional field work (drilling 
and aquifer testing). The geohydrological setting and conceptual model of the study area 
is described according to the following criteria: 

• Geological setting. 

• Aquifer type. 

• Aquifer parameters. 

• Groundwater recharge. 

• Groundwater gradients and flow. 

• Groundwater quality. 

• Aquifer classification. 

7.1 Regional Geology 

7.1.1 Introduction 

The geology of the Sabie-Pilgrims Rest goldfield has been studied in detail by several 
geologists. This complex geological environment has been summarised by TGME in a 
document entitled “A Brief Appraisal of the Pilgrims Rest Sabie Goldfield”. The following 
geological description is an extract from this report.  

7.1.2 Regional Geology 

The Sabie-Pilgrims Rest goldfield is situated in eastern Mpumalanga, overlying the 
preserved eastern rim of the early Proterozoic Transvaal basin. This north-south 
trending, shallow westerly dipping, metallogenic province (goldfield) extending for 
approximately 140 km in a north-northeasterly direction, over a maximum width of 30 km 
along the Great Escarpment of Southern Africa (Figure 7.1). 
Gold mineralisation occurs on the eastern margins / rim of the early Proterozoic 
Transvaal Basin, marked by the Drakensburg escarpment. The mineralisation occurs 
within sedimentary host rocks of the late Archaean to early Proterozoic Transvaal 
Supergroup. The Sabie-Pilgrims Rest Goldfield stratigraphic succession, younging 
upwards, includes Achaean basement granite, as well as minor volcano-sedimentary 
succession of Godwan Group and Wolkberg Group clastic sediments that 
uncomformably overlie the basement rocks. The Transvaal Supergroup is separated 
from the Wolkberg Group by an angular unconformity (Figure 7.2). 
The Pretoria Group overlies the Deutschland Subgroup, but the latter is not present in 
the Pilgrim’s Rest area and here the Pretoria Group overlies the Malmani dolomites on 
a slight unconformity called the Bevett’s unconformity. The Bevett’s conglomerate rests 
on this unconformity and grades upwards into the dark coloured, fine-grained quartzite 
called the Rooihoogte Formation. This formation grades upwards into the Timeball Hill 
Formation comprising mainly shale and carbonaceous shale. 
Numerous dykes and sills, principally of pre- and post-Bushveld Igneous Complex age 
have intruded into the Transvaal Supergroup. Some dykes that pre-date the Bushveld 
Complex were recognized, related to gold mineralisation. The last two units do not 
outcrop in the Pilgrim’s Rest area.  
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Figure 7.1: Regional surface geology – Pilgrims Rest region 
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Figure 7.2:  Stratigraphy in the Sabie – Pilgrims Rest goldfields 

Epigenetic gold mineralisation is present in three main types of orebody. Stratiform 
quartz-sulphide gold veins, termed flat reefs, are the dominant, most productive style of 
mineralisation in the goldfield. Steeply eastward-dipping, transgressive vertical reefs and 
smaller, sub-vertical to inclined lensoidal leader reefs are also present in the goldfield. 
The former originates in the Archaean granitoid basement beneath the shallowly dipping 
Transvaal Sequence and may pierce the overlying sedimentary pile, the latter frequently 
branch off flat reef lodes and are exclusively developed in the Transvaal sedimentary 
rocks. 
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The stratigraphic succession in the study area, is similar to that of the Transvaal 
Supergroup, with the exclusion of the Deutschland Subgroup and Penge Iron Formation. 
Instead, the Pretoria Group is separated from the Malmani Subgroup by the Bevett’s 
Unconformity. 
Epigenetic gold mineralisation occurs as concordant and discordant veins in a variety of 
host rocks. The mineralisation in the area of interest is principally “flat” bedding parallel 
shears located mainly on shale partings within Malmani dolomite. However, there are 
other reefs located in the sediments apart from the dolomite. The ore bodies occur as 
narrow quartz carbonate veins (reefs), which occupy bedding parallel faults and shears, 
and generally conform to the shallow regional dip of the strata. Gold mineralisation is 
accompanied by various sulphides of iron (Fe), copper (Cu), arsenic (As) and bismuth 
(Bi).  
Various discordant reefs, within the study area, are characterized by a variety of gold 
mineralisation styles. They are found throughout the Sabie-Pilgrims Rest Goldfield, and 
are commonly referred to as cross reefs, blows, veins, ore channels and leaders. These 
discordant bodies can be found sporadically throughout the stratigraphy as a varying 
assemblage of gold-quartz-sulphide mineralisation generally striking northeast. They 
vary greatly in terms of composition and depth.  

7.1.3 Regional Mineralisation 

It is evident that a number of stratigraphically controlled quartz- carbonate-sulphide 
bearing veins (“flat reefs”) have been recognized and extensively mined for gold over 
many decades. Cross-cutting leaders blows and small open pit mining of regolith have 
also contributed as ore resources in the early days.  
It should always be remembered that at the onset of discovery by Alec “Wheelbarrow” 
Patterson and William Trafford in 1873, nuggets of gold were recovered from alluvial 
sediments within the Pilgrim’s Valley. It is reported in various tourism sources that 
individual nuggets attained sizes of 8.02 kg (Lilly Nugget of July 1875), to an account of 
an unnamed >10 kg nugget that was stolen shortly after recovery by an errant digger. 
Nuggets were free and lay within gravel beds at the base of the alluvial sediments. 
This style of nugget mineralisation is certainly not in line with the finely disseminated, 
pyrite-hosted gold of the flat reefs and points to the possibility of multiple ore-forming 
mechanisms within the region. It is also probable that the various ore-forming events are 
not of the same age. To date, there have been no repeat occurrences of the large 
nuggets as found in the Pilgrim’s Valley. 
Most known mineralisation in the goldfield occurs as concordant or discordant quartz-
carbonate veins within the host sedimentary rocks of the Transvaal Supergroup. The 
spatial distribution of the mineralisation in Sabie, Pilgrim’s Rest, Vaalhoek and Bourke’s 
Luck is generally thought to reflect the positions of deep-seated mineralising intrusions. 
Previous authors have cited a deep-seated magmatic source as a result of exploration 
on the farms of Mamre (535JT), Slaaihoek (540JT) and Uitkomst (541JT) in the south of 
the Goldfield, where a complex composed of sheet-like inter-layered ultramafic intrusions 
bearing high concentrations of nickel, cobalt, copper and platinum group metals was 
discovered (Nkomati Nickel Mine, Ward and Wilson, 1998). Analysis of regional magnetic 
data has also promoted others (Neptune Project) to speculate on the concealment of 
post-Transvaal acid intrusions lying below the various mining areas. The source enigma 
is compounded by the lack of acid intrusives within the region and thus bears 
resemblance to Eocene gold mineralisation within the Carlin area of northern Nevada. 
Concordant reefs generally occur as stratabound parallel gold bearing- quartz-
carbonate-pyrite veins. These stratiform reefs can be found as low in the stratigraphy as 
the Black Reef formation, right up through the dolomite of the Malmani Subgroup, and 
as high as the Finsbury Reef along the upper contact of the Dwaalheuwel Formation 
quartzite. It is notable that the majority of these reefs occur in the dolomite of the Malmani 
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Subgroup and the shale of the Timeball Hill Formation. The reefs are usually relatively 
narrow, averaging between 18-35 cm, but have known to exceed widths of 3m (e.g. 
Duke’s Hill Channel). The veins are usually composed of translucent/milky quartz that 
may be massive or laminated, interlayered with thin carbonaceous sulphidic veins. It is 
not uncommon to find xenoliths of wall rock incorporated in these veins. Generally, these 
reefs vary in their lateral extent and tend to pinch and swell, adversely affecting their 
economic viability. 
The discordant reefs are characterized by a variety of styles of gold mineralisation found 
throughout the goldfield and are commonly referred to as cross reefs, blows, veins, ore 
channels and leaders. These discordant bodies can be found sporadically throughout 
the stratigraphy as a varying assemblage of gold-quartz-sulphide mineralisation, 
generally striking towards the north-east. They vary greatly in terms of their composition, 
depth and diameter. An example is the hydrothermal gold and silver bearing quartz 
sulphide vein of the Rietfontein Reef, east of Sabie. This vein varies in thickness from 
1 - 3m and occurs within the basement granite of the Nelspruit Batholith on the farm 
Rietfontein (193JT). The reef has been mined vertically to a depth of about 300 m and 
along strike for about 3 km. Some have proposed that the majority of the nuggets and 
eluvial gold found in the Sabie-Pilgrim’s Rest area came from discordant gold bearing 
veins and veinlet’s. 
It has also been suggested that the mineralisation of the goldfield coincides or relates to 
the emplacement of the Bushveld Complex (Meyer and Tyler, 1988). Research data 
indicates that flat reef gold mineralisation occurred approximately 7-8 km below the 
surface, with an approximate temperature of 320° C and pressures of 2.2-2.3 kb. Gold 
is found as microscopic inclusions and brittle micro-fractures within sulphides. Polyphase 
sulphide mineralisation was dominated by pyrite, arsenopyrite and chalcopyrite with 
varying quantities of tetrahedrite, bismuthinite, native bismuth and sphalerite (Ward and 
Wilson, 1998). Evidence from fluid inclusion and light stable-isotope data suggests that 
the mineralising fluids were concentrated along permeable north to north-easterly 
trending lineaments and associated faulting. It has been postulated that lineaments 
extending into the Achaean granitic basement may be the feeders of the concordant 
reefs (Robb and Meyer, 1989). 

7.1.4 Mineralisation Characteristics 

Gold grades and reef width are concentrated into patches that may be aligned into pay 
shoots. Pay shoots on a regional and even on a mine scale are likely to be influenced by 
the source and flow direction of the mineralizing fluids, host rock porosity and thrust 
directions that ramp and duplicate the reefs. There have been attempts to predict pay 
shoot direction and distribution using historical sampling data but the conclusions from 
this exercise have not really fitted what has now been mined out. Another attempt is 
being made using both the historical and current stoping and sampling information. The 
work is ongoing. 
From all the fieldwork carried out to date and a review of literature on the study area, the 
following general types of gold mineralisation are present across the Sabie-Pilgrims Rest 
Goldfield area: 

• Pyrite-in-dolomite, associated with the western margin of the Vaalhoek Dyke, 
including pyrite in highly altered, non-magnetic diabase, thin quartz-sulphide 
leader veins and veinlet’s. 

• Mineralised halo around breccia pipes, possibly related to intersecting faults. 

• Flat reef quartz-carbonate-sulphide veins, containing all concordant vein-hosted 
mineralisation. 

• Disseminated gold-in-shale of the Timeball Hill Formation. 
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There is a definite spatial correlation between the mineralisation and old workings, and 
the north- northeasterly trending Vaalhoek Dyke. The composite nature of the Vaalhoek 
Dyke and the presence of granite fragments indicate that mafic magma must have 
passed through the Archaean granite basement of the Kaapvaal Craton. The high degree 
of alteration and mineralisation in close proximately to the Dyke as seen at Rotunda 
Creek, Anna’s Pipe, Hollow Hill, Mondi’s Mine and Hermansburg, probably reflects a 
major conduit for deep seated hydrothermal fluids. 

7.1.5 Description of the Reefs within the Sabie-Pilgrims Rest Goldfield 

Reinecke and Stein (1929) grouped the principal reefs as follows: 

• Elandsdrift, Glynn’s and Vaalhoek reefs. 

• Portuguese reef. 

• Beta reef. 

• Theta reefs, top and bottom. 
These prominent reefs are briefly discussed below, but there are also some minor reefs, 
which are also described. 

Glynn’s / Vaalhoek Reef 

These reefs (including the Elandsdrift reef) are stratigraphically similar and considered 
the same reef. The reefs lie roughly parallel to the bedding of the dolomite and dips 
approximately 5° to the west. 

The Glynn’s reef at Sabie is situated 15 – 30m below the Blyde River quartzite. The 
Blyde River quartzite is believed to be persistent and can be followed from the north of 
Sabie to Vaalhoek. In the Vaalhoek area the Vaalhoek (Glynn’s) reef occurs 40m below 
the Blyde River quartzite. From Sabie to Vaalhoek the beds between the reef and the 
top of the Black Reef Formation thickened from 30 – 260m, but the position of the reef 
under the Blyde River quartzite, which must have been deposited as a single geological 
event, suggests that the country rock in which the reef occur, was deposited at the same 
time in both areas (Reinecke and Stein, 1929).  
At Vaalhoek the reef is thoroughly oxidised with only partly altered dolomite overlying it. 
This indicates that the reef itself, which is pyritic, and probably originally more porous 
than the overlying dolomite, has furnished the most favourable point of attack for 
atmospheric waters. The acid waters set free by the oxidation of pyrite have altered the 
reef body with comparative rapidity and the presence of his main water channel has 
tended to bring about more rapid alteration of the dolomite that overlie the orebody than 
of those under which such orebodies are not present. The altered or “soft” dolomite, 
which almost invariably accompanies payable orebodies, is therefore not the cause of 
the presence of ore, but one of the effects of its presence (Reinecke and Stein, 1929). 
Figure 7.3 shows the relationship between the Glynn’s (Vaalhoek) reef and the host 
geology in the Pilgrims Rest mining area. 
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Figure 7.3: West-East geological section through the Pilgrim's Rest goldfields 

Bevett’s Reef 

The Bevett’s Reef is developed at the interface between the Bevett’s quartzite and the 
overlying Pretoria shales. The reef consists of a quartz-carbonate vein, which can vary 
in thickness from a contact to in excess of 200cm. Evidence of duplex thrusting is present 
which may have served to eliminate the reef horizon in some areas and duplicate it into 
a thick package in other areas. Reef mineralogy is comprised of coarse euhedral 
sulphide crystals. These coarse sulphides are predominately pyrite, arsenopyrite and 
lesser tetrahedrite. Massive chalcopyrite is common. The mineralisation is commonly 
banded with barren milky quartz and lesser calcite between the sulphide bands. 
A 100cm thick quartzite unit is developed below the Bevetts Reef. Below this quartzite, 
the Bevetts conglomerate comprising rounded to sub–angular chert clasts are 
sporadically developed. Below the Rooihoogte formation, a thin zone of dolomite is 
present before grading into a 60m thick lava unit, which has amygdales at the top of the 
unit. 

Rho Reef Zone 

The general dip and strike direction of the Rho reef is a 5° to 7° dip to the west and 
strikes in a north – south direction. The reef occurs approximately 24 m below the base 
of the Bevett’s unconformity, which marks the end of the dolomite succession and the 
beginning of the Pretoria Group. 
The Rho reef itself consists of an Upper Rho Reef and a Lower Rho Reef separated on 
average by 2m of argillaceous dolomite. Below the Lower Rho reef there is a sill 
developed approximately 5m in the footwall ranging from 5m to 18m thick. A shale band 
varying from 5cm in the north to 60cm in the south is developed 3m below the Lower 
Rho reef. Above the Upper Rho reef, a unit termed the silver shale is developed 3m in 
the hanging wall and is between 50cm and 100cm thick. Above the silver shale, a 
hanging wall sill is developed that ranges from 18m to 22m thick. The Bevett’s 
conglomerate unconformably overlies this hanging wall sill. 
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Beta Reef 

The Beta Reef is developed approximate 20m above the Beehive Chert and is well 
represented in the Pilgrim’s Rest area. It has been extensively mined at the Beta Mine. 
It was last mined in 1971 and has very similar characteristics to the Rho reef. Average 
width was 23cm of quartz and sulphides with imbricate stacking of the reef giving rise to 
thicker richer zones.  
The Beta Reef is conformable to the bedding and as such dips at 5° to 7° to the west 
and strikes in a north– south direction. The Beta Mine reef is located approximately 140m 
in the footwall of the Rho reef horizon. The reef is reported to be high in copper and 
sulphur. At depth, the Beta Reef splits into three bands with the middle Beta Reef 
remaining the economic horizon. Stoping has taken place on a limited scale on the lower 
Beta Reef as evidenced on historical stoping plans from the mine. 
A feature of the mine is the Beta dyke, which splits the mine into two. It trends NNE – 
SSW and has a scissor displacement action. In the north, the displacement is 3m down 
to the west while at the southern end the displacement is in the order of 25m to the west. 

Theta Reef 

These reefs were prolific producers mainly at the Theta Hill Mine, Brown’s Hill Mine, 
Jubilee Mine and Eta Mine. The two reefs are 24m apart and located approximate 60m 
below the Rho reef in the upper Eccles Formation. Reef thickness tends to be thin (about 
20cm) though the grades were good. The mineralisation was similar to the Rho reef. 
The Theta Reef occurs along a horizon near the top of the Chuniespoort Group of 
dolomites and was historically the principal source of gold ore mined in the Pilgrim’s Rest 
area. At Frankfort, the Theta Reef occurs at greater depth than the Bevett’s Reef and 
consists of a quartz-carbonate vein. 

Portuguese Reef 

This reef was mostly exploited from the Ponieskrantz North Mine between 1920 and 
1937 and Desire Mine in the east of the area. Quartz pyrite mineralogy predominated 
and reef width averaged 18cm. In the stratigraphy the reef is located 30m below the Slate 
Marker. 

Rietfontein Reef 

The Rietfontein mine occurs on a vertical reef located a short distance south-southeast 
of Sabie. This reef is a vertical hydrothermal quartz vein occurring in the basement 
granites. Predominantly hosted by basement granites overlain by clastic sediments of 
the Wolkberg Group including beds of the Godwan Formation. These sediments are 
composed of conglomerates, quartzite’s, shale’s and mafic sills and occur as capping to 
the granite in the southern portions of the reef. 
It penetrates the overlying Black Reef Quartzite for a short distance before petering out. 
The quartz vein follows the regional trend of faulting on a NNE – SSW direction. It has 
been traced over 16km on strike and mined for 3km along its strike length. The ore 
contains appreciable amounts of silver, copper, arsenic and bismuth. The granite 
surrounding the quartz vein is heavily decomposed as a result of the hydrothermal fluids 
and influx of surface water along the outcrop trace of the quartz vein. 

Sandstone Reef 

The Sandstone reef occurs at a constant depth of 5 – 5m below the top of the Black Reef 
Formation and is primarily mined at Nestor Gold Mine. The reef varies in thickness 
between 3 – 80cm with an average of 25cm (Visser and Verwoerd, 1960). The reef is 
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variable in composition and the unoxidized reef consists predominantly of quartz, pyrite, 
graphite or sericitic material. Normally the main constituent is quartz followed by pyrite 
with subordinate carbonate and graphite. 

Bourke’s Luck Gold Mine Reefs 

The current mining extended over a strike length of 7.5km, immediately adjacent to the 
western side of the north-northeast striking Dientjie Dyke. The bulk of the ore was 
obtained from the Trixie lenses which were developed in the fractured sandstone of the 
Black Reef Formation, in close proximity to the dyke. Copper and iron-pyrites were 
saleable by-products from the gold mine which was closed in 1955. The mine workings 
which are in mountainous terrain, underlie the farms Dientjie 453 KT, Bourke’s Luck 454 
KT and Willemsoord 476 KT. 

7.1.6 Local Geology 

The target orebodies are shear hosted quartz-carbonate vein mesothermal shallow 
dipping gold deposits (enriched with sulphide). The exception is the Bevetts lithologies 
which are thought to represent a later erosional surface which impinged on the other 
reefs and was intruded by the later mesothermal Bevetts Reef. It is thought that the 
mineralisation of the reefs occurred along pre-existing planes of weakness and is 
possibly associated with the intrusion of the Bushveld Igneous event in South Africa. 
Pressure and temperature estimates indicate that the ore fluids of the Sabie-Pilgrims 
Rest Goldfield were similar to other typical mesothermal gold deposits (Minxcon, 2018). 
The stratigraphy of the study area, from top to bottom, includes the Timeball Hill 
Formation (shales), the Bevetts’ Unconformity (a combination of quartzite and chert 
conglomerate in a quartzite matrix) and the interface between of the Big Chert Marker 
(chert) and underlying Malmani dolomites 

The mineralisation within the project area of interest is principally “flat” bedding parallel 
shears, located mainly on the shale partings within the Malmani Dolomites. However, 
mineralisation also occurs in other formations of the Transvaal Supergroup. The 
orebodies occur as narrow quartz-carbonate veins (reefs), which occupy bedding parallel 
faults and shears, and generally conform to the shallow regional dip of the strata. Gold 
mineralisation is accompanied by various sulphides of Fe, Cu, As and Bi. Gold-bearing 
reefs that are present at the project area includes the following (Minxcon, 2019): 

• Shale Reefs. 

• Bevetts Reef. 

• Upper Rho Reef. 

• Lower Rho Reef. 

• Upper Theta Reef. 

• Lower Theta Reef. 

• Beta Reef. 
Recent drilling conducted has been concentrated to the northern sections of the project 
within the mining right area of 83MR. The recent drilling programme consists of a total of 
288 drillholes with the purpose of testing the geological model and to improve the 
confidence in the Mineral Resource estimation. A total of 536 drillholes, equating to 
20 168 m was historically drilled out on the project area during different phases (Minxcon, 
2018). 
The geological beds and accompanying parallel reefs generally display a north-south 
strike and a 4° to 6° dip to the west. Studies have shown the existence of very large 
regional scale open folding with slight variations in the north-south strike and 1º to 6º 
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westerly dip. There is very little effect of this regional folding within the study area. 
Smaller scale folding, however, occurs in the existing underground workings and is 
evident from detailed mapping and structural measurements. Again, the folding is gentle 
and open with changes in dip and strike being no more than a degree or two (GCS, 
2009). 
Faulting in the main trends NNE to SSW and is normal and sub-vertical. Localized 
vertical displacement varies from 20cm to over 3m and the recent detailed mapping 
shows additional trends over and above the dominant NNE-SSW direction. In most 
cases, the dykes have occupied pre-existing faults evidenced by the fact that there is 
usually a very strongly faulted contact on one or both sides of the dyke. Faults and dyke 
contacts are often water-bearing (GCS, 2009). 
Bedding plane thrusting is recognizable on discrete surfaces within the sedimentary pile. 
These planes occur along carbonaceous shale bands and are the result of brittle-ductile 
deformation. It is along these planes that the gold mineralization has been localized. 
Jointing follows the main NNE-SSW trend and is sub-vertical and occurs in zones on 
either side of the larger dykes (GCS, 2009). 

7.1.7 Structural Geology 

A number of major north to north-easterly trending lineaments are prevalent throughout 
the Sabie-Pilgrims Rest Goldfield and are broadly coincident with mineralisation 
patterns. These lineaments are represented by a series of near vertical faults and dykes. 
The period of northerly faulting is thought to postdates a period of east-west normal 
faulting. 
To the north of the town of Pilgrims Rest, the north-northeast trending Vaalhoek Dyke 
forms the main regional structure that carries mineralisation. Younger north-east 
transverse dykes appear to be unmineralised and post-date the Vaalhoek trend.  

7.2 Borehole Drilling 

A detailed geophysical survey was conducted as part of the dolomite stability 
assessment for the proposed project. Thirty-one percussion boreholes were drilled in 
accordance with SANS 1936-2. The boreholes were drilled to a depth of 60m, or to where 
6m of competent rock had been proven or to where drilling had to be terminated due to 
drilling rods becoming stuck.  Chip samples were taken at 1.0 m intervals and logged by 
a qualified engineering geologist, in accordance with standard procedures.  
Seven of these boreholes were constructed to act as groundwater monitoring boreholes 
for the proposed infrastructure expansion. The remaining boreholes were backfilled 
according to SANS guidelines. 
The moisture condition, as encountered in the boreholes were dry to wet. Where 
encountered, water strikes occurred at a depth between 3 m and 24 m and were present 
in the residual shale, shale rock, dolerite rock, dolomitic residuum and dolomite. These 
strikes may represent perched water tables (Jones & Wagener, 2022).  
Many boreholes were dry when drilled. However, where present the water rest level lies 
at a depth of between 2.4m and 45.5m within the fill, residual shale, residual dolerite, 
dolomitic residuum, syenite and dolomite rock.   

7.2.1 Tailings Facility and Beta Mine 

A summary of the boreholes drilled at the tailings facility (TSF) and Beta Mine is 
presented in Table 7.1 and shown on Figure 7.4.  
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Table 7.1: Borehole summary – TSF and Beta Mine 

ID Longitude Latitude Depth Geology Comment 
Groundwater 

Level 
(mbgl) 

Tailings Dam 

TSF01 30.73824 -24.91113 30 

0-6m: Residual Shale (Sh) 
6-12m: VSR Shale 
12-16m: Minor WAD 
16-23m: MHR chert and dolomite 
23-30m: Hard Rock chert and 
dolomite 

Monitoring 
Borehole 3.5 

TSF02 30.73873° -24.91287° 60 

0-3m: Transported material 
3-8m: Shale 
8-18m Shale with rock zones 
18-20m: WAD 
20-24m: WAD and Chert 
24-26m: WAD and dolomite 
26-28m: WAD 
28-42m: WAD and dolomite 
42-47m: Dolomite 
47-54m: WAD with dolomite 
54-60m: Dolomite 

Monitoring 
Borehole 27 

TSF03 30.73810° -24.91327° 38 

0-9m: Fill material 
9m-12m: MHR dolomite 
12-14m: dolomite with WAD traces 
14-18m: VSR dolomite and clay 
18-23m: MHR dolomite 
23-29m: WAD 
29-32m: SR-MHR dolomite 
32-38m: HR dolomite 

Backfilled Dry 

TSF04 30.74072° -24.91269° 39 

0-3m: Transported material 
3-12m: Clay 
12-17m: Clay and minor wad 
17-18m: WAD 
18-23m: WAD and dolomite 
23-27m: SR dolomite 
27-39m: HR dolomite 

Monitoring 
Borehole 32 

TSF05 30.74324° -24.91285° 36 

0-4m: Transported material 
4-6m: Clay 
6-9m: WAD and chert 
9-12m: WAD, dolomite with chert 
12-17m: SR dolomite 
17-19m: Minor wad and clay 
19-25m: WAD and chert 
25-28m: SR syenite 
28-36m: MHR syenite 

Backfilled 31.6 

TSF06 30.74436 -24.91373 26 
0-14m: Residual Dolerite 
14-17m: MHR dolerite 
17-26m: MHR-HR dolerite 

Backfilled Dry 
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ID Longitude Latitude Depth Geology Comment 
Groundwater 

Level 
(mbgl) 

TSF07 30.74447 -24.91536 38 

0-1m: Fill 
1-3m: WAD and chert 
3-5m: Residual shale 
5-7m: SR Shale 
7-12m:WAD and Chert 
12-18m: WAD 
18-24m: WAD and Chert 
24-27m: WAD 
27-29m: SR dolomite 
29-32m: MHR dolomite 
32-38m: HR dolomite 

Backfilled Dry 

TSF08 30.74368 -24.91589 60 

0-4m: Fill 
4-17m: Residual Shale and doleritic 
clay 
17-21m: Dolerite and chert 
21-25m: WAD and chert 
25-30m: Residual Dolerite 
30-33m: WAD and chert 
33-52m: Dolerite 
52-56m: WAD and chert 
56-60m: SR baked shale 

Backfilled Dry 

TSF09 30.74178 -24.91592 30 

0-1m: Transported material 
1-14m: Residual Dolerite 
14-15m: SR dolerite 
15-24m: MHR dolerite 
24-30m: HR dolomite 

Backfilled Dry 

TSF10 30.74011° -24.91650° 32 

0-2m: Fill and Soils 
2-15m: Residual dolomite 
15-27m: MHR dolomite 
27-32m: WAD and Chert 

Drilling was 
stopped at 
32m due to 

adverse 
drilling 

conditions. 

Dry 

TSF11 30.74353 -24.91405 27 
0-16m: Doleritic Clay 
16-18m: SR dolerite 
18-17m: MHR and HR dolerite 

Backfilled Dry 

TSF 12 30.74301 -24.91523 35 

0-1m: Fill and soils 
1-8m: Residual dolerite 
8-11m: SR dolerite 
11-14m: WAD with chert 
14-23m: SR dolomite 
23-45m: MHR-HR dolerite 

Backfilled Dry 

BETA NORTH AND CENTRAL 

BN01 30.73008 -24.91021 29 

0-5m: Fill 
5-9m: Chert and Shale 
9-12m: VSR-SR shale 
12-14m: WAD and chert 
14-16m: Chert 
16-22m: MHR dolomite 
22-28m: HR dolomite 

Backfilled Dry 
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ID Longitude Latitude Depth Geology Comment 
Groundwater 

Level 
(mbgl) 

BN02 30.73357 -24.91268 30 

0-6m: Fill 
6-9m: WAD 
9-16m: WAD and chert 
16-18m: WAD 
18-23m: WAD and Chert 
23-30m: HR Dolomite 

Backfilled Collapsed 

BN03 30.73481 -24.91192 42 

0-4m: Transported chert gravel 
4-9m: WAD 
9-28m: WAD and chert 
28-42m: Chert 

Monitoring 
Borehole 2.5 

BC01 30.73315 -24.91637 38 

0-4m: MHR shale 
4-7m: HR dolerite 
7-10m: SR dolerite 
10-13m: Clay and chert 
13-17m: WAD and chert 
17-24m: Clay and chert 
24-26m: WAD and chert 
26-28m: Dolomite floater 
28-30m: WAD 
30-32m: SR Dolomite 
32-38m: HR dolomite 

Backfilled Muddy 

BC02 30.73393 -24.91518 24 

0-3m: Chert gravel, shale 
3-14m: Chert, Shale and dolomite 
14-18m: MHR dolomite 
18-24m: HR dolomite 

Monitoring 
Borehole 12 
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Figure 7.4: Locality plan of the boreholes at the TSF and Beta Mine  
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7.2.2 Frankfort Mine 

A summary of the boreholes drilled at Frankfort Mine is presented in Table 7.2 and 
shown on Figure 7.5 and Figure 7.6. Groundwater level is these boreholes were 
measured between 6 and 16 mbgl.  

Table 7.2: Borehole summary - Frankfort Mine 

ID Longitude Latitude Depth Geology Comment 
Groundwater 

Level 
(mbgl) 

FRANKFORT 

FS01 30.73798 -24.0744 30 

0-10m: Chert and gravel 
10-12m: WAD 
12-14m: WAD and chert 
14-17m: WAD 
17-30m: HR chert and dolomite   

Backfilled 6 

FS02 30.73858 -24.80803 30 

0-8m: Waste rock / fill material  
8-19m: SR-MHR shale (water at 
18m) 
19-24m: MHR chert and dolomite 
24-30m: HR chert and dolomite 

Monitoring 
Borehole 6 

FS03 30.73763 -24.80744 32 
0-25m: Clay with chert fragments  
25-28m: MHR dolerite 
28-32m: HR dolerite, dolomite 

Backfilled 12 

FS04 30.73832 -24.80827 24 

0-4m: Waste rock / Fill with clay 
matrix 
4-8m: Chert gravel 
8-10m: WAD and chert 
10-18m: MHR dolomite 
18-24m: HR dolomite 

Backfilled Dry 

FS05 30.73819 -24.80798 29 

0-2m: Fill material 
2-9m: Clay 
9-16m: Clay and chert 
16-18m: WAD and chert 
18-22m: WAD 
22-29m: HR dolomite  

Backfilled Dry 

FS06 30.73423 -24.80241 25 

0-1m: Rubble / fill material 
1-6m: Residual shale 
with SR shale zones 
6-18m: Residual Dolerite 
18-25m: HR dolerite 

Backfilled 16 

FS07 30.73461 -24.80243 40 

0-7: VSR Shale 
7-9m: SR dolerite 
9-17m: VSR shale 
17-25m: VRS-SR 
Dolerite 
25-33m: SR dolomite 
33-40m: HR dolomite 

Backfilled Dry 
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Figure 7.5: Locality plan of the boreholes at Frankfort Mine South   
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Figure 7.6: Locality plan of the boreholes at Frankfort Mine North  
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7.2.3 Clewer-Dukes-Morgenzon Mine 

A summary of the boreholes drilled at CDM mine is presented in Table 7.3 and shown 
in Figure 7.7. Groundwater level is these boreholes were measured between 3 and 
45.5 mbgl. 

Table 7.3: Borehole summary - CDM Mine 

ID Longitude Latitude Depth Geology Comment 
Groundwater 

Level 
(mbgl) 

FRANKFORT 

CDM01 30.72617 -24.87477 37 

0-6m: SR Shale 
6-7m: WAD 
7-13m: WAD and Chert 
13-15m: SR Shale 
15-18m: WAD and Chert 
18-25m: WAD 
25-37m: WAD and Chert 

Backfilled 3 

CDM02 30.72837 -24.87453 53 

0-15m: Chert and Shale 
15-30m: WAD and chert with 
dolomite 
30-33m: WAD 
33-38m: WAD and chert 
38-40m: WAD 
40-42m: WAD and chert 
42-46m: HR dolomite floater 
47-53m: HR dolomite 

Backfilled Dry 

CDM03 30.72685 -24.87336 60 

 0-11m: VSR -SR shale 
11-27m: SR shale 
27-30m: Residual clay 
30-42m: Clay and chert with 
minor WAD 
42-51m: WAD and chert 
51-56m: SR-MHR dolomite 
56-60m: HR dolomite 

Backfilled Dry 

CDM04 30.72821 -24.88663 19 

0-6m: Chert 
6-16m: Chert and Shale 
16-20: WAD and chert 
Borehole collapses, stop 
drilling 

Backfilled Collapsed 

CDM04a 30.72821 -24.88663 36 

0-20m: VSR-SR shale 
20-26m: Residual Shale. 
Sandy clay 
26-30m: MHR shale/dolomite 
30-36m: HR shale/dolomite 

Backfilled Dry 
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ID Longitude Latitude Depth Geology Comment 
Groundwater 

Level 
(mbgl) 

CDM05 30.72864 -24.88439 60 

0-6m: Residual shale 
6-23m: VSR-SR shale 
23-38m: Residual shale, 
gravelly clay 
38-42m: Baked shale and 
dolerite 
42-56m: Dolerite and sandy 
clay 
56-60m: Chert 

Monitoring 
Borehole 45.5 

DM06 30.73152 -24.88588 40 

0-14m: VSR Shale 
14-20m: Clay and chert 
20-39m: WAD and chert 
39-40m: Dolomite  
No sample & complete 
pressure lost. Borehole 
stopped 

Backfilled Dry 

CDM07 30.72511 -24.88547 60 

0-22m: SR-MHR shale 
22-47m: Dolomite and chert 
47-60m: Chert, dolomite and 
minor WAD 

Backfilled 13.5 
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Figure 7.7: Locality plan of the boreholes at Dukes Mine   
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Figure 7.8: Locality plan of the boreholes at Morgenzon Mine  
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7.3 Aquifer Type 

Groundwater occurrences in the study area are predominantly restricted to the following 
types of terrains.  

• Primary aquifers consisting of the quaternary sediments which are restricted to 
the river valleys. 

• Weathered and fractured rock aquifer in the Timeball Hill formations.  

• Dolomitic and karst aquifers. 

A brief description of each aquifer follows. 

7.3.1 Weathered and Fractured Transvaal Aquifer 

Groundwater occurs in the weathered sedimentary deposits (quartzite and shale) of the 
Timeball Hill Formation. These formations are not considered to contain economic and 
sustainable aquifers, but localised high yielding boreholes may, however, exist where 
significant fractures are intersected. Groundwater occurrences are mainly restricted to 
the weathered formations, although fractures in the underlying “fresh” bedrock may also 
contain water. The base of the aquifer is the non-fractured quartzite and shale 
formations, whereas the top of the aquifer would be the surface topography. The 
groundwater table is affected by seasonal and atmospheric variations and generally 
mimics the topography. These aquifers are classified as semi-confined.  
The two aquifers (weathered and fractured) are mostly hydraulically connected, but 
confining layers such as clay and shale may separate the two. In the latter instance the 
fractured aquifer is classified as confined. The aquifer parameters, which include 
transmissivity and storativity, are generally low and groundwater movement through this 
aquifer is therefore slow. 
According to GCS (2008), the deeper fractured aquifer of the Timeball Hill formation, is 
recharged by the overlying Bevett’s conglomerate aquifer at the Beta Mine. Recharge 
occurs via vertical flow along fractures and fissures.  

7.3.2 Dolomite (Karst) Aquifer 

Dolomite aquifers are known to contain large quantities of groundwater and are 
commonly associated with sustainable groundwater abstraction. The water that poses a 
risk to the underground mining is primarily derived from the karst aquifer in the Malmani 
dolomite. This is a risk to all the mining within the Malmani dolomite as most of the reef 
horizons are situated with the dolomite. According to GCS (2009) a hydro-census was 
conducted at the Pilgrims Rest Trend Deposits where two boreholes were drilled 
downgradient of the existing DG sites. According to the report (GCS, 2009) DG1-BH1 
intersected a prominent shale layer approximately 14 meters overlying the dolomites of 
the Chuniespoort Group. Dissolution cavities in the dolomites were encountered at a 
depth of 52 to 59 meters below ground level. The cavity was measured dry during the 
water level measurement and indicate that no perched of elevated water levels exist 
below the site.  
Borehole DG2- BH1, intersected overburden of 6 meters and a dolomite thickness of 72 
meters. The drilling was abandoned at a depth of 78 metres below ground level as it was 
measured dry which also would indicate that no perched aquifer conditions and elevated 
groundwater level exists below the site (GCS, 2009). 
The following is a description of the nature of the dolomite aquifer. 
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7.3.2.1. Unsaturated Zone 

The depth to groundwater within the study area ranges from 1 – 137m below surface 
throughout the larger study area. The unsaturated zone within the dolomite aquifer is 
therefore anticipated to range from WAD (spongy, manganese rich, weathered dolomite 
residue) within solution cavities to relatively fresh fractured dolomite. 

7.3.2.2. Weathered Dolomite Aquifer 

The shallower, weathered portion of the dolomite aquifer has been formed because of 
karstification.  

Karstification occurred prior to the deposition of younger formations on top of the 
dolomite, at a time when the dolomite was exposed to the elements and had undergone 
extensive weathering. There is general agreement that this aquifer is the significant 
source of water within the dolomite. The karstification of the Sabie-Pilgrims Rest dolomite 
is, however, not well documented and the extent to which the dolomite aquifer has 
developed, is therefore uncertain. 
Carbonate rocks are practically impermeable and therefore devoid of any effective 
primary porosity. During their geological history, the dolomite strata have been subjected 
to several periods of karstification and erosion. The potential for large-scale ground water 
exploitation depends solely on the extent to which the dolomite has been leached by 
percolating rainfall and the degree to which it has been transformed into aquifers capable 
of yielding significant quantities of water and sustaining high abstraction capacities. 
During dissolution processes, the carbonate is removed from the dolomite and residues 
such as silica, iron and manganese oxides and hydroxides (WAD) are left behind. The 
residuum is spongy, compressible, of low density and has a high void volume. Fissures 
and caves also develop, which may extend to surface as sinkholes. Sinkholes is a natural 
process that forms in dolomite terrains. This process may, however, be accelerated if the 
groundwater level fluctuates causing erosion or if the water level drops. Groundwater 
level management is therefore important in dolomitic aquifers.  
Fault zones are preferential zones of weathering and are transformed into groundwater 
conduits. There is almost certainly a lithostratigraphical control on the leaching of 
dolomite, and the subsequent development of high storage and permeable horizons. The 
aquifer therefore comprises of an extensive cover of residual solution debris and, in 
places, younger sediments. Underlying this is karstified dolomite, which is irregular and 
inhomogenic, with hydraulic conditions varying from phreatic to confined. The karstified 
superficial zone of the strata acts as the main aquifer although fractures could extend to 
considerable depths.  

7.3.2.3. Fractured Dolomite Aquifer 

The non-weathered dolomite approximates a traditional fractured rock aquifer at depth 
where dissolution has been less pronounced. It is extremely unlikely that any significant 
groundwater flow occurs below these depths except along structural conduits. 
Reynecke and Stein (1929) described the groundwater flow in the dolomite aquifer as 
follows:  
“The leaching action of surface water upon the dolomite forms pipe, tunnel and flat, lens-
shaped openings in the fresh rock. Along the opening the water flows in underground 

Karst is a topography formed from the dissolution of soluble rocks such as limestone, 
dolomite, and gypsum. It is characterized by underground drainage systems with 
sinkholes and caves. An area currently or formerly undergoing karstification, and thus 
characterized by karst landforms, is said to be karstified. 
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streams. Most of the channels lie along the bedding of the dolomite, but a few cut across 
them at steep angles. They follow the direction of fractures and joints in the dolomite, 
turning in many places abruptly from one such a fracture line into another. A network of 
caves with an irregular quadrilateral arrangement in plan being the result”. 

7.4 Aquifer Parameters 

Important parameters that can be obtained from borehole or test pumping include 
Hydraulic Conductivity (K), Transmissivity (T) and Storativity (S). These parameters are 
defined as follows (Krusemann and De Ridder, 1991): 

• Hydraulic Conductivity (K): This 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 at right angles to the direction of flow. It is normally expressed in 
metres per day (m/day). 

• Transmissivity (T): This is the rate of flow under a unit hydraulic gradient through 
a cross-section of unit width over the full, saturated thickness of the aquifer. 
Transmissivity is the product of the average hydraulic conductivity and the 
saturated thickness of the aquifer. Transmissivity is expressed in metres squared 
per day (m2/day). 

• Storativity (S): The storativity of a saturated confined aquifer is the volume of 
water released from storage per unit surface area of the aquifer per unit decline 
in the component of hydraulic head normal to that surface. Storativity is a 
dimensionless quantity. 

Aquifer testing was performed on three of the newly drilled boreholes to determine the 
aquifers response to abstraction and to determine the aquifer parameters. 
The results of the aquifers testing are presented in Table 7.4 below (see Figure 7.4 for 
borehole locality). The interpretation of the aquifer tests is attached as Appendix B. 

Table 7.4: Aquifer parameters 

Borehole 
Transmissivity (m2/d) Hydraulic Conductivity (m/d) 

Constant Rate Recovery Average Constant Rate Recovery Average 

BN03 22.4 24.6 23.5 0.561 0.61 0.58 

TSF01 144 117 130.5 5.53 4.50 5 

TSF04 23.2 10.8 17 4.65 2.16 3.4 

The depth of the highest yielding borehole, TSF01 is approximately 30m, while the static 
water level is 3.5 m below ground level. Borehole logs indicate that the material found at 
this water level is residual shale. The evaluation of the aquifer test indicated an average 
saturated transmissivity of 130 m2/day.  
The dolomite or karst aquifer may have transmissivity values of up to 1 000 m2/day in 
exceptional instances such as boreholes into cavities. The boreholes in the Pilgrims Rest 
region are lower but considered representative of the dolomite aquifer. 
The results from the aquifer testing were incorporated into the numerical groundwater 
model. 

7.5 Groundwater Recharge 

Recharge is defined as the process by which water is added from outside to the zone of 
saturation of an aquifer, either directly into a formation, or indirectly by way of another 
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formation. Groundwater recharge (R) for the study area was calculated using the chloride 
method (Bredenkamp et al., 1995) and is expressed as a percentage of the Mean Annual 
Precipitation (MAP). The method is based on the following equation: 

100
 watergroundin ion  concentrat  Cl ofmean   Harmonic

rainfallin  ion  concentrat  ChlorideR ×=  

The average chloride in rainfall for areas inland is approximately 0.5 mg/ℓ and the 
harmonic mean of the chloride concentration values in groundwater samples obtained 
from the mining area is 4.85 mg/ℓ.  

%3.10100
85.4
5.0R =×=  

The calculated recharge percentage is relatively high, but in line with dolomite aquifers. 

7.6 Groundwater Gradients and Flow 

7.6.1 Regional Groundwater Levels 

The first important aspect when evaluating the geohydrological regime and groundwater 
flow mechanisms is the groundwater gradients. Groundwater gradients, taking into 
consideration fluid pressure, are used to determine the hydraulic head which is the 
driving force behind groundwater flow. The flow also governs the migration of 
contaminants, and an assessment of the flow was required to determine sub-surface 
flow directions from the potential contaminant sources.  
Groundwater levels were measured during the hydro-census, but only limited 
measurements could be taken. The groundwater levels that were used are shown in 
Table 7.2 (see Figure 6.1 for borehole locality).   
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Table 7.5:  Groundwater levels 

Borehole ID Locality 
Coordinates Depth Groundwater Level 

Longitude Latitude Collar (m) (mbs) (mamsl) 
BGW2 TGME Plant 30.7381 -24.9187 1280.00 Unknown 28.00 1252.00 
BGW3 TGME TSF 30.7364 -24.9120 1260.00 Unknown 8.00 1252.00 
BGW4 TGME TSF 30.7364 -24.9120 1260.00 Unknown 8.00 1252.00 
BGW6 TGME TST SE 30.7441 -24.9125 1279.10 Unknown 46.00 1233.10 
BGW7 TGME TSF NE 30.7438 -24.9119 1268.84 38 35.00 1233.84 
BGW9 Clewer Main 30.7258 -24.8749 1320.00 Unknown 5.00 1315.00 
BGW10 Morgenzon Main 30.7245 -24.8747 1320.00 Unknown 5.00 1315.00 
BGW16 Frankfort 30.7430 -24.8097 1260.00 Unknown 6.52 1253.48 

TG2 TGME Plant 30.7401 -24.9198 1286.84 30 25.57 1261.27 
TG1 TGME Plant 30.7363 -24.9124 1262.05 30 8.70 1253.35 

TG1-SM TGME Plant 30.7361 -24.9125 1260.80 10 8.85 1251.95 
HMB1 Hermansburg 30.7455 -24.7750 1654.36 117 73.00 1581.36 
HMB3 Hermansburg 30.7641 -24.7737 1480.90 133 117.00 1363.90 

BH North Bourke’s Luck 30.8084 -24.6819 1152.25 Unknown 45.00 1107.25 
Vaalhoek 2# Vaalhoek Shaft 30.7681 -24.7599 1263.26 Unknown 137.00 1126.26 
Frankfort BH Frankfort 30.7432 -24.8096 1260.00 Unknown 6.52 1253.48 

Fountain Vaalhoek 30.7718 -24.7501 1307.86 Unknown 0.00 1307.86 

Note: mbs = metres below surface; mamsl = metres above mean sea level 

In most geological terrains, the groundwater mimics the topography and to test if this is 
the case within the study area the available groundwater levels were plotted against the 
topography (represented by the borehole collar elevations). The result of this 
assessment is presented in Figure 7.9.  

 
Figure 7.9: Correlation between topography and groundwater level 
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The graph indicates a good correlation (92%) between the topography and the 
groundwater level. This is an indication that the regional groundwater flow follows the 
topographical gradient. 

The groundwater in dolomite aquifers do not typically follow this trend due to the high 
transmissivity that is found in dolomite aquifers. The apparent relationship between the 
topography and groundwater levels in the Pilgrims Rest dolomite aquifer may indicate 
that this aquifer approximates a typical fractured aquifer and that the dolomite is not 
extensively karstified and the high water yielding dolomite aquifer is not well developed. 
This is not to say that the dolomite in this region is a minor aquifer and is likely a reflection 
on the distribution of the current boreholes that may not have specifically targeted karst 
areas. Karst zones with a potential for high yielding boreholes do in all likelihood exists. 

This relationship between topography and groundwater level is known as the Bayesian 
relationship, and where this exists, the regional topography can be used to interpolate 
(Bayesian interpolation) a regional groundwater gradient map. In the absence of an 
evenly distributed borehole network, it is assumed that for the most part of the study area 
the groundwater mimics the topography.  
Figure 7.10 depicts the regional groundwater level elevations, based on the Bayesian 
interpolation. Groundwater flow is perpendicular to the groundwater contours and is 
predominantly towards the surface streams. 
According to GCS (2009), however, it is reasonable to assume that the groundwater flow 
is from surface streams to the lithology (negative base-flow) considering that the 
groundwater level in the area is lower than the surface water elevation. Another 
confirmation is the difference in the groundwater level in a borehole pair represented by 
boreholes TG1-SM and TG1. Borehole TG 1-SM is a shallow borehole, drilled to a depth 
of 10m, while borehole TG1 was drilled to a depth of 30 m. These boreholes are 
approximately 8 m apart but the groundwater level in borehole TG 1-SM is higher than 
in borehole TG1. The higher groundwater level in the shallower borehole indicates 
infiltration of the surface water into the groundwater system.  
The difference between elevations of the groundwater and surface water decreases as 
one moves along the Blyde River in a downstream direction. The observation suggests 
that negative baseflow may be localised in certain areas along the river (GCS, 2009).  
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Figure 7.10: Interpolated groundwater gradients – Pilgrims Rest region 
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7.6.2 Groundwater Levels at the Plant and TSF 

The dolomite stability study provided valuable groundwater level information around the 
TSF, which is considered the biggest risk to groundwater contamination for this project. 
Thirty-one boreholes were drilled as part of this study, many of which were dry. All the 
boreholes that were drilled along the southern side of the TSF were dry. These borehole 
depths ranged between 26 – 60m, which is an indication that the groundwater levels are 
probably deeper than 60m this area. 
Based on the stability and monitoring boreholes in the area the groundwater level varies 
between 2.93 - >60 mbs (1 230 – 1265 mamsl) (Table 7.3).  

Table 7.6:  Groundwater levels at the existing Plant and Tailings Facility 

ID Locality 
Coordinates Depth Casing 

Height Groundwater Level 

X Y Z (mbs) (m) (mbs) (mamsl) 

Groundwater Monitoring Boreholes 

BGW2 TGME Plant 30.7401 -24.9198 1272.57 30.00 0.80 27.84 1245.53 

BGW4 TGME RWD 30.7363 -24.9124 1260.00 29.60 0.60 8.21 1252.39 

BGW6 TGME TSF 30.7442 -24.9127 1277.47 43.00 0.20 36.34 1241.33 

BGW7 TGME TSF 30.7433 -24.9116 1260.00 38.00 0.45 30.14 1230.31 

TSF01 TGME RWD 30.7382 -24.9111 1260.00 30.00 0.30 3.35 1256.95 

TSF02 TGME TSF 30.7387 -24.9128 1277.19 60.00 0.40 27.00 1250.59 

TSF04 TGME TSF 30.7407 -24.9126 1280.99 39.00 0.40 34.01 1247.38 

BN03 Beta North 30.7348 -24.9119 1260.00 42.00 0.10 2.93 1257.17 

BC02 Beta Central 30.7339 -24.9152 1276.78 24.00 0.30 11.78 1265.30 

Backfilled Dolomite Boreholes that intersected water 

TSF05 TGME TSF 30.7432 -24.9129 1287.57 36.00 0.00 31.60 1255.97 

BC01 Beta Central 30.7332 -24.9164 1285.01 38.00 0.00 37.90 1247.11 

Regionally a good correlation exists between the topography and the groundwater level 
(see Figure 7.9), suggesting that the groundwater level mimics the topography. On a 
local scale, however, this does not appear to be the case. There is <10% correlation and 
the groundwater level are relatively flat. 
The important aspect to point out is that based on the groundwater levels the Blyde River 
is a losing stream. In other words, the groundwater does not contribute to the baseflow 
of the Blyde River, but water from the river could potentially seep into the groundwater 
system.  
The groundwater table in the vicinity of the Plant and TSF is presented in Figure 7.11 
and is based on the measured and modelled groundwater levels.  
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Figure 7.11: Groundwater level at the Plant and Tailings Facility 
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7.7 Hydrochemistry 

7.7.1 Potential Groundwater Contaminants 

Generally, groundwater contaminants emanate from the unregulated disposal of waste 
in the form of waste rock dumps, tailings dams, pollution control dams and stockpiles. In 
addition, hydrocarbon products (petrol and diesel) may contaminate the environment 
through spillages and leakages.  
Furthermore, where nitrate-based explosives have been extensively used for mining, 
residues of explosives may be oxidized to nitrates and mobilized in groundwater (Banks 
et al.,1996).  
Lastly, poor sewage management in informal settlements may contaminate surface and 
groundwater resources i.e.  coliforms (eg. E.coli) bacteria viruses, ammonia, phosphate 
and nitrate as well as sulphate secondary salt leaching from sewage effluent. 

7.7.2 Groundwater Quality 

Groundwater samples were collected from the existing as well as the newly drilled 
groundwater monitoring boreholes. The samples were submitted to Waterlab, a SANAS 
accredited laboratory. The laboratory certificates are attached as Appendix C. 
The water chemistry is compared to the limits specified in the TGME Water Use Licence 
(Licence No: 24023343, 2011) as well as the SANS 241 (2015). Furthermore, the 
chemistry is compared to background groundwater quality, which is represented by the 
chemistry of a natural spring near Pilgrims Rest which supplies potable water to the town. 
The WUL guideline limits refer to the in-stream or resource quality limits, but in the 
absence of specific groundwater quality limits, these are used.  
The SANS 241 Drinking Water Specification is the definitive reference on acceptable 
limits for drinking water quality parameters in South Africa and provides guideline levels 
for a range of water quality characteristics. The SANS 241 (2015) Drinking-Water 
Specification effectively summarises the suitability of water for drinking water purposes 
for lifetime consumption.  
The latest full chemical analysis of the existing and newly drilled boreholes is presented 
in Table 7.7 (see Figure 7.12, Figure 7.13 and Figure 7.14,  for localities of the sampling 
points). Concentrations that exceed the WUL guideline limits are highlighted in red. In 
the absence of WUL limits the parameters that exceed the SANS 241 guidelines are 
highlighted in blue.  
With reference to Table 7.7 the following is observed regarding the groundwater quality: 

• Although some parameters exceed the very stringent WUL limits, the 
groundwater quality is good. The exception is borehole FS02, which indicates 
impacted water. 

• The groundwater in the vicinity of the historically flooded adit (FS02) shows 
impact of previous mining activities with elevated sulphate, calcium and 
magnesium and hence the high TDS values. This is common where mine water 
is in contact with dolomitic water which attempts to neutralize the pH, but 
dissolves calcium and magnesium in the process. There are also metal 
exceedances such as aluminium, arsenic, iron, manganese, and nickel 
exceeding the SANS 241 drinking water guidelines.  

• Newly drilled boreholes at the TSF show some impact. Exceedances of the 
drinking water guidelines include nitrate (TSF04), ammonium (TSF01, TSF02 
and TSF04), calcium and magnesium (TSF04) and manganese (TSF01 and 
TSF02). All three boreholes exceed the WUL limits for sulphate and sodium. 
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Other than these minor exceedances, the metals are below guideline limits or 
below the detection limit.  

• The older boreholes close to the TSF (BGW06 and BGW07) show similar 
exceedances to the aforementioned. These exceedances include elevated 
Sulphate (BGW07), Ammonium (BGW06), Calcium, Sodium, Aluminium 
(BGW07) and Manganese (BGW07).  

• The borehole BGW04, which is down-gradient from the TSF and closest to the 
Blyde River, shows no impact, and a marginal exceedance of aluminium is 
recorded. None of the other parameters exceed the guideline limits. This 
suggests that the plume migration from the TSF has not reached this point.  

• Borehole BGW02, which is down-gradient from the plant exceed the SANS 241 
guidelines for arsenic, iron, manganese, and mercury.  

• Boreholes BC02 and BN03 are near the proposed Beta area. Borehole BC02 is 
down gradient of the plant and TSF area, but opposite side of the Blyde river. 
Exceedances include calcium, magnesium, aluminium, arsenic, iron, and 
manganese. When screened against the WUL limits, the exceedances include 
TDS and sulphate.  

• Borehole BN03 exceed WUL limits for calcium, aluminium, and manganese.  
The presence of aluminium, iron, mercury, arsenic and manganese in the groundwater 
can be attributed to the geological composition of the host rock. Borehole BC02 for 
example is not within the flow path of any potential mine contaminant source, yet it also 
has elevated concentrations of these parameters. 
It is nevertheless important to monitor these parameters over time. 
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Figure 7.12: Monitoring borehole locality – Plant, TSF and Beta Mine 
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Figure 7.13: Monitoring borehole locality – CDM Mine   
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Figure 7.14: Monitoring borehole locality – Frankfort Mine  
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Table 7.7: Most recent groundwater quality 
ID 

Unit 
Guidelines BC02 BN03 BGW2 BGW4 BGW6 BGW7 

Determinant WUL Limit SANS 241 2022-01-13 2022/01/13 2022-01-13 2022-01-13 2022-01-13 2022-01-13 
pH pH Units 6.5-8.0 ≤5 - ≥9.7 6.6 7.4 7.1 7.5 7.0 7.6 

Electrical Conductivity mS/m NG ≤170 51.6 31.8 23.8 23.5 126 57.3 
TDS mg/ℓ ≤ 385 ≤1200 462 306 222 220 496 504 

Total Alkalinity mg CaCO3/ℓ NG NG 120 104 88 64 640 180 
Chloride mg/ℓ ≤ 200 ≤ 300 7 3 3 3 29 18 
Sulphate mg/ℓ ≤ 70 ≤ 500 140 59 28 42 3 100 
Fluoride mg/ℓ NG ≤ 1.5 0.2 <0.2 <0.2 <0.2 0.3 0.2 

Nitrate as N mg/ℓ NG ≤ 11 1.9 0.3 2 0.8 0.9 2.2 
Orthophosphate mg/ℓ ≤ 0.04 NG <0.1 0.1 <0.1 <0.1 <0.1 <0.1 
Ammonium as N mg/ℓ NG ≤ 1.5 <0.1 <0.1 0.1 0.1 73 0.1 

Sodium mg/ℓ ≤ 6 ≤ 200 8 2 3 3 12 12 
Potassium mg/ℓ NG 50 0.6 <0.5 <0.5 0.6 13.7 0.7 
Calcium mg/ℓ ≤ 32 ≤ 507 43 35 22 22 64 62 

Magnesium mg/ℓ ≤ 27 30 35 20 17 15 39 32 
Aluminium mg/ℓ NG ≤ 0.3 13 0.332 0.191 0.349 0.249 0.342 

Arsenic mg/ℓ NG ≤ 0.01 0.017 <0.001 0.031 <0.001 0.001 <0.001 
Barium mg/ℓ NG NG 1.4 0.045 0.006 0.014 0.309 0.068 

Beryllium mg/ℓ NG NG 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 
Chromium mg/ℓ NG ≤ 0.05 0.002 0.001 0.001 <0.001 <0.001 0.001 

Copper mg/ℓ NG ≤ 2 0.151 0.01 0.017 <0.001 <0.001 <0.001 
Iron mg/ℓ NG ≤ 2 7.24 0.978 2.14 0.258 13 3.31 
Lead mg/ℓ NG ≤ 0.01 0.005 <0.001 0.01 <0.001 0.004 0.009 

Manganese mg/ℓ NG ≤ 0.4 1.01 0.463 0.343 0.116 1.32 4.9 
Mercury mg/ℓ NG ≤ 0.006 0.001 <0.001 0.006 0.003 0.002 0.001 
Nickel mg/ℓ NG ≤ 0.07 0.024 0.004 0.002 <0.001 0.002 0.013 

Total Cyanide mg/ℓ NG 0.2 <0.07 <0.07 <0.07 <0.07 <0.07 <0.07 
Zinc mg/ℓ NG ≤ 5 0.758 <0.001 <0.001 <0.001 <0.001 <0.001 

Silicon mg/ℓ NG NG 18.8 6.4 7 4.7 16.6 8.4 
Uranium mg/ℓ NG ≤ 0.03 0.002 <0.001 <0.001 <0.001 0.001 <0.001 
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ID 
Unit 

Guidelines TSF01 TSF02 TSF04 CDM05 FS02 
Determinant WUL Limit SANS 241 2022-01-13 2022-01-13 2022-01-13 2022-02-09 2022-02-09 

pH pH Units 6.5-8.0 ≤5 - ≥9.7 6.9 7 7.1 6.2 5.5 
Electrical Conductivity mS/m NG ≤170 35.5 34.1 63.1 20.4 205 

TDS mg/ℓ ≤ 385 ≤1 200 356 338 476 130 2 134 
Total Alkalinity mg CaCO3/ℓ NG NG 72 76 132 20 20 

Chloride mg/ℓ ≤ 200 ≤ 300 4 4 21 4 10 
Sulphate mg/ℓ ≤ 70 ≤ 500 99 90 129 65 1 279 
Fluoride mg/ℓ NG ≤ 1.5 0.2 0.2 0.2 - - 

Nitrate as N mg/ℓ NG ≤ 11 6.9 7 14 0.9 2 
Orthophosphate mg/ℓ ≤ 0.04 NG 0.3 0.2 <0.1 - - 
Ammonium as N mg/ℓ NG ≤ 1.5 1.7 1.9 2 - - 

Sodium mg/ℓ ≤ 6 ≤ 200 11 11 19 2 13 
Potassium mg/ℓ NG 50 0.5 <0.5 0.5 <0.5 <0.5 
Calcium mg/ℓ ≤ 32 ≤ 507 29 31 60 10 227 

Magnesium mg/ℓ ≤ 27 30 17 14 31 15 188 
Aluminium mg/ℓ NG ≤ 0.3 0.467 0.373 0.129 0.655 1.81 

Arsenic mg/ℓ NG ≤ 0.01 0.003 <0.001 <0.001 0.004 0.294 
Barium mg/ℓ NG NG 0.042 0.036 0.009 0.074 0.034 

Beryllium mg/ℓ NG NG <0.001 <0.001 <0.001 - - 
Chromium mg/ℓ NG ≤ 0.05 <0.001 <0.001 <0.001 <0.025 <0.025 

Copper mg/ℓ NG ≤ 2 0.013 0.008 <0.001 <0.010 0.074 
Iron mg/ℓ NG ≤ 2 1.09 0.881 0.309 1.13 23 
Lead mg/ℓ NG ≤ 0.01 0.023 <0.001 0.001 0.006 0.003 

Manganese mg/ℓ NG ≤ 0.4 4.84 4.91 0.215 0.209 2.77 
Mercury mg/ℓ NG ≤ 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 
Nickel mg/ℓ NG ≤ 0.07 0.003 0.003 <0.001 <0.025 0.118 

Total Cyanide mg/ℓ NG NG <0.07 <0.07 <0.07 <0.07 <0.07 
Zinc mg/ℓ NG ≤ 5 <0.001 <0.001 <0.001 0.036 0.052 

Silicon mg/ℓ NG NG <0.001 <0.001 7.9 - - 
Uranium mg/ℓ NG ≤ 0.03 <0.001 <0.001 <0.001 - - 
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The chemical character of the water at the sampling points is best described with the aid of 
the Piper diagram.  

The Piper diagram is one of the most commonly used techniques to interpret groundwater chemistry data.  
This method proposed the plotting of cations and anions 
on adjacent trilinear fields with these points then being 
extrapolated to a central diamond field. Here the 
chemical character of water, in relation to its 
environment, could be observed and changes in the 
quality interpreted. The cation and anion plotting points 
are derived by computing the percentage equivalents for 
the main diagnostic cations of Ca, Mg and Na, and 
anions Cl, SO4 and HCO3. 
Different waters from different environments always plot 
in diagnostic areas. The upper half of the diamond 
normally contains water of static and disordinate 
regimes, while the middle area normally indicates an 
area of dissolution and mixing. The lower triangle of this 

diamond shape indicates an area of dynamic and co-ordinated regimes. Sodium chloride brines normally plot 
on the right hand corner of the diamond shape while recently recharge water plots on the left-hand corner of 
the diamond plot. The top corner normally indicates water contaminated with gypsum (mine impact). In 
general the top half of the diamond contains static waters and other unusual waters high in Mg/Ca Cl2 and 
Ca/Mg SO4. The lower half contains those waters normally found in a dynamic basin environment. The values 
for mixtures of any two waters in any proportion plot along a line joining their respective points in each of 
these diagrams. Water therefore being invaded by an industrial effluent will plot a vector towards the analysis 
of the invading fluid.  

The Piper diagram for the groundwater samples indicate around the project area is shown 
as Figure 7.15. Most samples plot towards the Ca-SO4 (contaminated water), except for 
BGW6 which is classified as Ca-HCO3 type (typical shallow fresh, uncontaminated water). 

 

Figure 7.15: Piper diagram for the TGME region  
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7.8 Aquifer Classification 

An aquifer classification system provides a framework and objective basis for identifying 
and setting appropriate levels of groundwater resource protection. This would facilitate 
the adoption of a policy of differentiated groundwater protection.  
Other uses could include: 

• Defining levels of investigation required for decision making. 

• Setting of monitoring requirements. 

• Allocation of manpower resources for contamination control functions. 
The aquifer classification system used to classify the aquifers is the proposed National 
Aquifer Classification System of Parsons (1995). This system has a certain amount of 
flexibility and can be linked to second classifications such as a vulnerability or usage 
classification. Parsons suggests that aquifer classification forms a very useful planning 
tool that can be used to guide the management of groundwater issues. He also suggests 
that some level of flexibility should be incorporated when using such a classification 
system. 
The South African Aquifer System Management Classification is presented by five major 
classes: 

• Sole Source Aquifer System. 

• Major Aquifer System. 

• Minor Aquifer System. 

• Non-Aquifer System. 

• Special Aquifer System. 

The following definitions apply to the aquifer classification system: 

• Sole source aquifer system: “An aquifer that is used to supply 50% or more of 
domestic water for a given area, and for which there are no reasonable alternative 
sources should the aquifer become depleted or impacted upon. Aquifer yields 
and natural water quality are immaterial”. 

• Major aquifer system: “Highly permeable formations, usually with a known or 
probable presence of significant fracturing. They may be highly productive and 
able to support large abstractions for public supply and other purposes. Water 
quality is generally very good”. 

• Minor aquifer system: “These can be fractured or potentially fractured rocks that 
do not have a high primary permeability, or other formations of variable 
permeability. Aquifer extent may be limited and water quality variable. Although 
this aquifer seldom produces large quantities of water, they are both important 
for local supplies and in supplying base flow for rivers”. 

• Non-aquifer system: “These are formations with negligible permeability that are 
generally regarded as not containing groundwater in exploitable quantities. Water 
quality may also be such that it renders the aquifer unusable. However, 
groundwater flow through such rocks does occur, although imperceptible, and 
needs to be considered when assessing risk associated with persistent 
pollutants”. 

• Special aquifer system: “An aquifer designated as such by the Minister of Water 
Affairs, after due process”. 
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A second variable classification is needed for sound decision making, as the ability 
of an aquifer to yield water to a particular user is not adequately stated. In this case 
it was decided to use the vulnerability of the aquifer to contamination as a second 
parameter (Table 7.8). A weighting and rating approach is then used to decide on 
the appropriate level of groundwater protection (Table 7.9). 

Table 7.8: Ratings for the aquifer quality management classification system 

Class Points Class Points 

Sole Source Aquifer System 6 High 3 

Major Aquifer System 4 Medium 2 

Minor Aquifer System 2 Low 1 

Non-Aquifer System 0   

Special Aquifer System 0-6   

Table 7.9: Appropriate level of groundwater protection required 

GQM Index Level of Protection 

-1 Limited Protection  

1 – 3 Low Level Protection (Monitoring) 

3 – 6 Medium Level Protection (Monitoring and selected containment 
systems) 

6 – 10 High Level Protection (Monitoring and high-level containment 
systems) 

>10 Strictly Non-degradation 

After rating the aquifer system management and the aquifer vulnerability, the points are 
multiplied to obtain a Groundwater Quality Management (GQM) index. 
Based on the above, the aquifers in the study area are classified as follows 

Description Aquifer Vulnerability Rating Protection 

Dolomite Aquifer Major (4) 2 8 High 

According to the Groundwater Quality Management Index the dolomite aquifer is defined 
as a major aquifer since the aquifer may yield highly productive boreholes in areas. This 
aquifer deserves a rating of 8 and requires high level protection from over abstraction 
and contamination.  
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8. WASTE CLASSIFICATION 

The waste classification and geochemical assessment was undertaken by Dr. Robert 
Hansen from GeoDyn Systems. The following section is a summary of this work, and the 
full report is attached as Appendix D. 

8.1 Sampling 

Rock samples from Beta and Frankfort mine were sent to a laboratory for processing 
through a miniature plant to produce material that would be representative of the waste 
material that would be produced via the DMS plant as well as tailings material that would 
be produced by the plant. This process was completed, and the resulting water and 
waste were analysed and classified.  
Samples were also collected and analysed from the existing tailings material. The 
existing tailings were sampled from two auger boreholes (DS01 and DS02) at depths of 
8m below surface. This was done to assess the waste type and leachable concentrations 
from the non-oxidised tailings material. The localities of these samples as well as 
previous sample localities are shown on Figure 8.1.  
Waste rock samples were also collected from the old CDM and Frankfort waste rock 
dumps. Five samples were collected from each site (Figure 8.2 and Figure 8.3). The 
representative samples from each waste facility were mixed into a composite sample 
(equal ratios) and analyzed as one representative sample per waste facility. 
Table 8.1 provides a description of the various samples that were analysed.  

Table 8.1: Waste classification samples 

Sample Name Description 

DS01 Existing TSF (8m below surface) 

DS02 Existing TSF (8m below surface) 

DMS Float DMS Float waste material 

TGME New New tailings material 

Frankfort Frankfort mine old waste rock material 

CDM Clewer-Dukes-Morgenzon old waste rock material 
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Figure 8.1: Waste sample localities on the TSF 
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Figure 8.2: Waste sample localities on the CDM waste rock dump  
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Figure 8.3: Waste sample localities on the Frankfort waste rock dump  
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8.2 Methodology 

GeoDyn Systems (2021) conducted a Waste Classification and Risk Assessment of the 
mineral waste material from TGME. The key objectives of the geochemical assessment 
were to conduct a waste classification of the mineral waste material in accordance with 
NEMWA R635, and to conduct a risk assessment of the mineral waste to inform the final 
classification.  
The materials were evaluated according to NEMWA R635. The classification of mineral 
waste according to NEMWA R635 requires following the methodology in the regulations 
and integrating the regulatory classification with a risk assessment of the waste material. 
Integrating the regulatory classification and risk assessment allows recommendations 
for the risk type (Table 8.2), according to NEMWA R635, for which a required engineered 
barrier system design is needed, according to National Norms and Standards for 
Disposal of Waste for Landfill Disposal  (published under GN R636 in GG 36784 of 23 
August 2012). 

Table 8.2: NEMWA R 635 stipulation of criteria to evaluate waste for landfill 
disposal 

Stipulated by NEMWA R 635: Criteria Type Waste 

Compare TC and LC of the waste 
sample to the TCT and LCT limits 

LC > LCT3, or TC > TCT2 0 

LCT2 < LC ≤ LCT3 or TCT1< TC ≤ TCT2 1 

LCT1 < LC ≤ LCT2 or TC ≤ TCT1 2 

LCT0 < LC ≤ LCT1 and TC ≤ TCT1 3 

LC≤ LCT0 and TC < TCT0 4 

In Table 8.2, TC refers to total concentration and LC to the leachable concentration of 
the chemical substances in the waste. LCT refers to the leachable concentration 
threshold limit of the element or chemical substance in the waste. The unit of LC is mg/l, 
and TC is mg/kg. 
Geochemical modelling has been used for decades internationally to aid in regulatory 
decision making, especially in relation to environmental risk determination for mine and 
other industry mineral waste.  
Geochemical modelling uses chemical reactions and associated thermodynamic and 
kinetic data to model the rate at which pollutant source minerals break down and thus 
release contaminants into the natural environment. It also accounts for other 
geochemical processes, e.g. precipitation of secondary minerals, the formation of 
complexes in the water solutions and sorption of chemical constituents to mineral 
surfaces. All these factors contribute to the method in which a potential contaminant will 
be released into the pore water of the mineral waste material. It also accounts for the 
response of the contaminants when they interact with the minerals of the waste material 
and the constituents dissolved in the water solution between the mineral waste pores. 
The regulatory classification according to NEMWA in combination with the assessment 
of the geochemical system of the mineral waste facility is used to derive 
recommendations for the class of waste depending on the risks it poses to the natural 
environment. 

8.3 Acid Generation Capacity 

Sulphide minerals are formed and stable under reducing conditions (Dold, 2017). Acid 
mine drainage commonly occurs when sulphide minerals (pyrite, chalcopyrite, galena, 
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covellite and sphalerite) are exposed to oxidizing conditions. The oxidizing conditions 
are created by exposure to moisture and oxygen. The oxidation process results in the 
release of dissolved Fe2+, SO4

2- and H+ (ABA, 2001). The oxidation of sulphide-minerals 
containing iron produce net acidity via its oxidation, except for common sulphides such 
as molybdenite, enargite and stibnite (Dold, 2017). The process of acid rock drainage is 
generated by a series of the following chemical reactions: 

FeS𝟐𝟐(𝒔𝒔) + 𝟕𝟕
𝟐𝟐

O𝟐𝟐(𝒂𝒂𝒂𝒂) + H𝟐𝟐O → Fe𝟐𝟐+ + 𝟐𝟐SO𝟒𝟒
𝟐𝟐− + 𝟐𝟐H+   Equation 1 

The liberated Fe2+ can oxidize automatically at pH>4 or when catalyzed by bacterial 
activity <4 (Acidithiobacillus spp. or Leptosprillum spp,) (Equation 2) (Dold, 2017). Iron-
oxidizing bacteria greatly accelerate iron oxidation which, in turn, speeds up the acid 
generation.  

Fe𝟐𝟐+ + 𝟏𝟏
𝟒𝟒

O𝟐𝟐(𝒂𝒂𝒂𝒂) + H+ → Fe𝟑𝟑+ + H𝟐𝟐O    Equation 2 

Ferric iron is not soluble above pH values of ~3. The produced ferric iron can hydrolyse 
and produce Fe (III) Hydroxides which liberates 3 mol protons per mole of iron according 
to Equation 3: 

Fe𝟑𝟑+ + 𝟑𝟑H𝟐𝟐O → Fe(OH)𝟑𝟑(𝒔𝒔) + 𝟑𝟑H+    Equation 3 

     The overall reaction liberates 16 mole of protons per mole of pyrite oxidized: 

𝐹𝐹𝐹𝐹𝐹𝐹2 + 𝟏𝟏𝟒𝟒 𝐹𝐹𝐹𝐹3+  +  𝟖𝟖 𝐻𝐻2𝑂𝑂 → 𝟏𝟏𝟏𝟏 𝐹𝐹𝐹𝐹2+ +  𝟐𝟐 SO4
2− + 𝟏𝟏𝟏𝟏 𝐻𝐻+ Equation 4 

The rate of pyrite oxidation depends on a majority of factors, the main factors being 
reactive surface area of pyrite, oxygen concentration and solution pH, presence of 
bacteria and catalytic agents (Skousen J., Sextone A. and Ziemkiewics, 2000). 
Where mine-water pumping is constant and mine water level is stable, little pyrite 
oxidation occurs below the water level, and few metals are leached resulting in a 
relatively non-environmentally aggressive mine water. Active pyrite oxidation will, 
however, continue to occur in the unsaturated zone and, if pumps are turned off, the 
rising water level will leach out heavy metals, resulting in highly acid and contaminating 
solution (Banks et al., 1996) 
In some geological settings the alkaline content of surrounding lithologies could act as 
buffering systems, countering the acid produced from pyrite oxidation. Carbonates and 
Clays have proven to sufficiently neutralize acid rock drainage (Skousen J., Sextone A. 
and Ziemkiewics, 2000). The balance between acid-producing potential and neutralizing 
capacity should provide reasonable indication of the potential acidity or alkalinity that 
may occur from the weathering of mined material. 
The geochemical models indicates that the pH of leachate from the new tailings, DMS 
Float and old tailings material is likely to be alkaline. This is due to the sufficient 
neutralisation capacity of the carbonate minerals, i.e. dolomite [CaMg(CO3)2] and calcite 
[CaCO3], in the waste material. 

8.4 Leachate Analysis 

The leachate assessment data is shown in Table 8.3. The data indicates that none of 
the lowest regulatory values (LCT0) are exceeded for the TGME New tailings material. 
The LCT0 values are exceeded for arsenic for the DS01 and DS02 old tailings as well 
as the DMS float material. The LCT0 value for sulphate is exceeded for the DS01 and 
DS02 old tailings material. 
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The NEMWA R635 LCT0 value for mercury is exceeded in the CDM waste rock material. 
No other parameters are exceeded and none of the LCT0 values are exceeded for the 
Frankfort waste rock material. 

8.5 Total Concentration Analysis 

The total concentration assessment data is shown in Table 8.4. The lowest total 
concentration threshold values for copper and manganese are exceeded for all wastes. 
The TCT1 value for arsenic is exceeded to the DS01 and DS02 old tailings as well as for 
the DMS Float waste material. In addition, the TCT0 values for barium, lead and 
antimony are exceeded in the DS01 waste, while the TCT0 values for lead and antimony 
are exceeded for the DS02 old tailings waste. The TCT0 values for barium and antimony 
are exceeded as well in the DMS Float waste. In addition to copper and manganese, 
only arsenic exceeded the TCT0 value in the new tailings material.  
In the New waste rock dump material, the TCT0 values for manganese and nickel are 
exceeded. 
The NEMWA R635 TCT0 values for arsenic and manganese are exceeded for the CDM 
and Frankfort waste rock. The TCT0 value for copper is exceeded for the CDM waste 
rock. 

8.6 Waste Classification Results 

Based on the criteria in Regulation 7 of NEMWA R635, the mineral waste classifies as 
the following types: 

• Type 3: TGME New tailings, CDM and Frankfort waste rock. 

• Type 2: DS01 Old tailings, DS02 Old tailings, DMS float. 
The mineral waste contains sulphide minerals, which are unstable once exposed to the 
Earth’s atmosphere. Most of the LCT and TCT exceedances are generally contained in 
sulphide minerals. 
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Table 8.3: Leach concentration threshold assessment results 

 



64 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

 



65 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

Table 8.4: Total concentration threshold assessment results 
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8.7 Waste Risk Assessment 

Geochemical modelling was used to conduct a risk assessment of the TGME Pilgrims 
Rest mineral waste materials. Geochemical modelling is useful in assessing the risk of 
leaching of contaminants from mineral waste, as it takes the rates at which contaminant 
source minerals break down into account. The NEMWA R635 waste classification 
methodology does not consider time and thus has the potential to under assess as well 
as over assess the concentration of contaminants that may leach from the mineral waste 
material. 
The mineralogy of the various mineral wastes as well as the waste classification results 
were used to develop the geochemical models and to identify processes related to the 
release of contaminants into mineral waste leachate as well as its response given the 
environmental conditions in which the effluent will occur. These conditions include 
environments in contact with the Earth’s or isolated from the Earth’s atmosphere and 
thus containing limited oxygen to react with the source minerals. The results of these 
models are discussed below. 

8.7.1 TGME New Tailings 

A kinetic geochemical model was developed for the TGME new tailings mineral waste 
material.  
The geochemical model results indicate that the tailings leachate is likely to remain 
alkaline, mostly due to the low concentration of sulphide minerals in the material (Table 
8.5). The metal and metalloid concentrations, specifically arsenic, copper, manganese 
and iron in the leachate is likely to be low, i.e. lower than the LCT0 values for these 
elements. This implies that the risk for metal and metalloid contamination from the new 
tailings material is negligible. The model sulphate concentration is likely to be lower than 
the LCT0, implying that the risk of elevated sulphate concentrations in the natural 
environment due to the new tailings material is negligible. 

Table 8.5: Geochemical model results of the new tailings material 
Parameter Abbreviation Units Value 

pH pH pH units 8.2 
Total dissolved solids TDS 

mg/L 

105 
Bicarbonate HCO3 59 

Sulphate SO4 19 
Aluminium Al 0.003 

Arsenic As <0.001 
Calcium Ca 25 
Copper Cu <0.001 

Iron Fe <0.001 
Magnesium Mg 1.1 
Manganese Mn <0.001 

Silicon Si 1.2 

Overall, addition of the rate at which geochemical reactions take place in the new tailings 
material indicates that the material is unlikely to present an environmental risk and can 
be classified as Type 4, i.e. inert. 
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8.7.2 Old (historic) tailings material and DMS Float 

A kinetic geochemical model was developed for the TGME old, i.e. historic, tailings 
mineral and DMS Float waste material. The model for these material types is combined 
due to the similarity of the material chemical and mineral compositions.  
The geochemical model indicates that the pH of leachate from the DMS Float and old 
tailings material is likely to be alkaline (Table 8.6). This is due to the sufficient 
neutralisation capacity of the carbonate minerals, i.e. dolomite [CaMg(CO3)2] and calcite 
[CaCO3], in the waste material. The model indicates that the sulphate and TDS 
concentrations are likely to exceed the LCT0 regulatory value, but not the LCT1 value. 
Similarly, arsenic is likely to exceed the LCT0 value, but not the LCT1 value. Manganese 
is unlikely be present in detectable quantities due to the precipitation of pyrolusite [MnO2], 
which forms when water is in contact with oxygen in the Earth’s atmosphere. Copper 
concentrations are also likely to occur in concentrations in the leachate of the DMS Float 
and Old tailings material in concentrations not exceeding the LCT0 value. 

Table 8.6: Geochemical model results of the old tailings material and DMS Float 
Parameter Abbreviation Units Value 

pH pH pH units 7.6 
Total dissolved solids TDS 

mg/L 

2 299 
Bicarbonate HCO3 29 

Sulphate SO4 1 547 
Aluminium Al 0.001 

Arsenic As 0.17 
Calcium Ca 683 
Copper Cu 1.6 

Iron Fe <0.001 
Magnesium Mg 32 
Manganese Mn <0.001 
Potassium K 0.2 

Silicon Si 6.3 

The geochemical model results indicate that although the leachate concentration of 
arsenic and sulphate are likely to exceed the LCT0 values of these elements, they are 
not likely to exceed the LCT1 values. Therefore, this waste material should be classified 
as Type 3, i.e. low risk. 

8.7.3 CDM and Frankfort Waste Rock Material 

Numerous studies have been conducted on the Pilgrim’s Rest Mine mineral waste 
material during 2020 and 2021 (GeoDyn, 2020-2021). These included studies on historic 
impacts on the Blyde river, which flows adjacent to the mine site (GeoDyn, 2021). 
Comparison to the mineralogical composition between the CDM and Frankfort waste 
rock and the waste rock from other facilities on the Pilgrim’s Rest Mine site indicates that 
the composition between material from all the waste rock facilities are similar. They all 
contain abundant amounts (>50 wt%) of dolomite [CaMg(CO3)2), a carbonate mineral 
capable of neutralising any acid that may be produced from the waste rock material. 
Therefore, the risk of the development of AMD (acid mine drainage conditions) is 
negligible, as was shown for all the waste rock material on the Pilgrim’s Rest Mine site. 
The CDM and Frankfort, as well as the other waste rock material on the mine site, 
contains minerals e.g., clay minerals and iron hydroxides, which have the capacity to 
immobilise potential contaminants e.g. arsenic and mercury, so that it does not end up 
in the natural environment. 
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Therefore, although the CDM and Frankfort mineral waste material classifies as Type 3, 
it can be managed as Type 4 i.e., inert, material. 

8.8 Discussion and Conclusion 

The following conclusions follow from the geochemical assessment: 

• The new tailings material does not have any parameters which exceed the LCT0 
regulatory values. Overall, this waste classifies as Type 3. However, as the 
kinetic geochemical model has indicated that the exceedance of any of the 
parameters above the LCT0 values is unlikely, the waste should be classified as 
Type 4, i.e. inert. 

• The Old (historic) tailings material as well as the DMS Float waste material 
classifies as Type 2. However, the kinetic geochemical model indicates that 
although arsenic and sulphate concentrations in this waste material is likely to 
exceed the LCT0 values, it is not likely to exceed the LCT1 regulatory values for 
these parameters. Therefore, the Old tailings as well as the DMS waste material 
should be classified as Type 3, i.e. low risk.  

• The CDM and Frankfort mineral waste material classifies as Type 3, but it can be 
managed as Type 4 i.e., inert, material. 

Although the geochemical assessment recommends a relaxation of the waste 
type, the barrier designs are still based on a Type 3 waste. 
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9. NUMERICAL GROUNDWATER MODELLING 

The conceptual geohydrological model described in the previous sections was translated 
to a calibrated numerical groundwater flow and mass transport model, focusing 
specifically on the potential impact from the TSF.  
A numerical groundwater model is a useful tool to assess the current and potential future 
impacts from the project on the groundwater regime. In this instance the potential 
impacts are: 

• Impact on the groundwater quality on down-gradient receptors such as surface 
streams during the operational and post-closure phase of the TSF. 

• Recommended rehabilitation measures and effectiveness of the proposed 
remedial options. 

The basic steps involved in modelling can be summarized as: 

• Collecting and interpreting field data: Field data are essential to understand the 
natural system and to specify the investigated groundwater problem. The 
numerical model develops into a site-specific groundwater model when real field 
parameters are assigned. The quality of the simulations depends largely on the 
quality of the input data. 

• Calibration & validation: Model calibration and validation are required to 
overcome the lack of input data, but they also accommodate the simplification of 
the natural system in the model. In model calibration simulated values like 
potentiometric surface or concentrations are compared with field measurements. 
The model input data are altered within ranges until the simulated and observed 
values are fitted within a chosen tolerance. Input data and comparison of 
simulated and measured values can be altered either manually or automatically.  

• Model validation: Model validation is required to demonstrate that the model can 
be reliably used to make predictions. A common practice in validation is the 
comparison of the model with a data set not used in model calibration. Calibration 
and validation are accomplished if all known and available groundwater scenarios 
are reproduced by the model without varying the material properties or aquifer 
characteristics supplied to the model. 

• Modelling scenarios: Alternative scenarios for a given area may be assessed 
efficiently. When applying numerical models in a predictive sense limit exist in 
model application. Predictions of a relative nature are often more useful than 
those of an absolute nature 

9.1 Assumptions and Limitations 

The following conditions typically need to be described in a model: 

• Geological and geohydrological features. 

• Boundary conditions of the study area (based on the geology and geohydrology). 

• Initial groundwater levels of the study area. 

• The processes governing groundwater flow. 

• Assumptions for the selection of the most appropriate numerical code. 
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Field data is essential in solving the conditions listed above and developing the numerical 
model into a site-specific groundwater model. Specific assumptions related to the 
available field data include: 

• The top of the aquifer is represented by the generated groundwater heads. 

• The available geological / geohydrological information was used to describe the 
different aquifers. The available information on the geology and field tests is 
considered as correct. 

• Many aquifer parameters have not been determined in the field and therefore had 
to be estimated. 

To develop a model of an aquifer system certain assumptions must be made. The 
following assumptions were made: 

• The system is initially in equilibrium and therefore in steady state even though 
natural conditions may have been disturbed. 

• No abstraction boreholes were included in the initial model. 

• The boundary conditions assigned to the model are considered correct. 

• The impacts of other activities (e.g.  agriculture) have not been considered. 
It is important to note that a numerical groundwater model is a representation of the real 
system. It is therefore at most an approximation and the level of accuracy depends on 
the quality of the data that is available. This implies that there are always errors 
associated with groundwater models due to uncertainty in the data and the capability of 
numerical methods to describe natural physical processes. 

9.2 Model Set-up 

To investigate the behaviour of aquifer systems in time and space it is necessary to 
employ a mathematical model. FEFLOW a modular three-dimensional finite element 
groundwater flow model was the software used during this investigation. It is an 
internationally accepted modelling package which calculates the solution of the 
groundwater flow equation using the finite element approach. 
The modelling area was selected based on a combination of topographical and drainage 
control and covers an area of approximately 85 km2. The model network extends over a 
larger area than the area under investigation to ensure that the model boundaries will 
not affect simulation results.  
Network constructed for the site consists of 1 427 265 elements. It must be noted that 
the network was refined in the vicinity of sources of potential contamination and 
dewatering. 

The model consists of three layers (see Table 9.1 for more detail on the layering): 

• Layer 1: 20m. 

• Layer 2: 60m. 

• Layer 3: 150m. 
Once the network has been set up all initial and boundary conditions sources sinks, and 
aquifer parameters are entered. 
The model domain is shown in Figure 9.1.  



72 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

 
Figure 9.1: Model domain  
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9.3 Model Boundary Conditions 

One of the first and most demanding tasks in groundwater modelling is that of identifying 
the model area and its boundaries. Consequently, a model boundary is the interface 
between the model area and the surrounding environment. Conditions on the boundaries 
however must be specified. Boundaries occur at the edges of the model area and at 
locations in the model area where external influences are represented such as rivers 
boreholes and leaky impoundments. 
Criteria for selecting hydraulic boundary conditions are primarily topography hydrology 
and geology. The topography geology or both may yield boundaries such as 
impermeable strata or potentiometric surface controlled by surface water or 
recharge/discharge areas such as inflow boundaries along mountain ranges. The flow 
system allows the specification of boundaries in situations where natural boundaries are 
a great distance away. 
Boundary conditions must be specified for the entire boundary and may vary with time.  
At a given boundary section just one type of boundary condition can be assigned. As a 
simple example it is not possible to specify groundwater flux and groundwater head at 
an identical boundary section. Boundaries in groundwater models can be specified as: 

• Dirichlet (also known as constant head or constant concentration) boundary 
conditions. 

• Neuman (or specified flux) boundary conditions. 

• Cauchy (or a combination of Dirichlet and Neuman) boundary conditions. 
The tributaries were set as constant head boundaries that were limited by a maximum 
hydraulic head set as a constraint. This is commonly used where small streams or non-
perennial drainages occur within a model domain. The Blyde River was set as a constant 
head boundary. Natural groundwater divides were set as no-flow boundaries. 

9.4 Initial Conditions 

Initial conditions are vital for modelling flow problems. Initial conditions must be specified 
for the entire area. Generally, the initial water level/head distribution acts as the starting 
distribution for the numerical calculation. The water levels shown in Figure 7.11 were 
used as the starting groundwater table. 

9.5 Sources and Sinks 

Sources and sinks can be defined as recharge and abstraction sources in the aquifer. 
Sources can be precipitation and inflow from surface water and recharging boreholes. 
Sinks can be abstraction boreholes springs evapotranspiration and outflow to surface 
water. Initially only recharge due to precipitation was included in the model. The average 
mean annual precipitation (MAP) is approximately 948 mm/a. The effective recharge for 
the model varies between 35mm/a – 95mm/a (see Table 9.1). Rainfall recharge is only 
applied to the upper layer in the model. 

9.6 Aquifer Parameters 

The aquifer parameters discussed in Section 7.4 were initially used in the numerical 
model. The model is calibrated using the groundwater level elevations which are a 
function of the product of the saturated aquifer thickness the hydraulic conductivity and 
effective aquifer recharge. Should the average aquifer thickness therefore be 
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under/overestimated this can be compensated for by adjustment of the hydraulic 
conductivity values during model calibration. 
The simulated groundwater level distribution is compared to the measured head 
distribution and the hydraulic conductivity or recharge values can be altered until an 
acceptable correlation between measured and simulated heads is obtained. The 
calibration process was done by adjusting the model parameters for hydraulic 
conductivity (K) and recharge within a narrow range compatible with the historic data and 
geohydrological situation. 
The calibrated aquifer parameters are shown in Table 8.1.  

Table 9.1: Calibrated aquifer parameters 

Model 
Layer 

Hydrostratigraphic 
unit 

Layer 
thickness 

(m) 

Hydraulic Conductivity (K) Recharge (Re) Specific storage 
(Sc) Porosity 

Kx,y 1:1 
(m/d) 

Kz 1:10 
(m/d) 

In/Outflow on 
top/bottom (mm/a) Sc (1/m) n 

Layer 01 

Chuniespoort Group 

20.00 

1.750 0.175 55.0 1.00E-02 5.00E-02 
Pretoria Group 0.050 0.005 35.0 1.00E-04 5.00E-03 

Felsic rocks 0.300 0.030 95.0 1.00E-03 1.50E-02 
Alluvial deposits 2.000 2.000 75.0 1.00E-01 1.50E-01 
Dyke weathered 

perimeter/ Fault zones 5.000 5.000 95.0 1.00E-02 1.50E-01 

Dykes matrix 0.005 0.001 35.0 1.00E-05 1.00E-02 

Layer 02 

Chuniespoort Group 

60.00 

0.875 0.088 

0.0 

5.00E-03 2.50E-02 
Pretoria Group 0.025 0.003 1.00E-05 2.50E-03 

Felsic rocks 0.150 0.015 5.00E-04 1.50E-02 
Dyke weathered 

perimeter/ Fault zones 2.500 0.250 5.00E-03 7.50E-02 

Dykes matrix 0.003 0.000 1.00E-05 5.00E-03 

Layer 03 

Chuniespoort Group 

150.00 

0.010 0.001 

0.0 

 

1.00E-03 Dyke weathered 
perimeter/ Fault zones 1.250 0.125 1.00E-06 

Dykes matrix 0.001 0.000  

The distribution of the model Hydraulic Conductivities are shown in Figure 9.2 and Figure 9.3. 
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Figure 9.2: Model Hydraulic Conductivity distribution (plan view) 

 
Figure 9.3: Model Hydraulic Conductivity distribution (section view)  
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9.7 Calibration of the Model 

A groundwater flow model for the study area was constructed to simulate disturbed 
groundwater flow conditions. The calibrated conditions serve as starting heads for the 
transient simulations of groundwater flow. 
The simulation model (FEFLOW) used in this modelling study is based on three-
dimensional groundwater flow and may be described by the following equation: 
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Where: 
h   = hydraulic head [L]. 
Kx  Ky  Kz  = Hydraulic Conductivity [L/T]. 
S   = storage coefficient. 

t   = time [T]. 
W   = source (recharge) or sink (pumping) per unit area [L/T]. 
x  y  z  = spatial co-ordinates [L]. 

For steady state conditions the groundwater flow Equation (1) reduces to the following 
equation: 
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The head distribution is dependent upon the recharge hydraulic conductivity sources 
sinks and boundary conditions specified. For a given recharge component and set of 
boundary conditions the head distribution across the aquifer can be obtained for a 
specific hydraulic conductivity value. The simulated head distribution can then be 
compared to the measured head distribution and the hydraulic conductivity or recharge 
values can be altered until an acceptable correspondence between measured and 
simulated heads is obtained.  
The calibration process was done by changing the model parameters for hydraulic 
conductivity and recharge. Hydro-census boreholes were used to calibrate groundwater 
flow model with these boreholes providing the only available data. The calibration 
objective was reached when an acceptable correlation was obtained between the 
observed and simulated piezometric heads (Table 9.2 and Figure 9.4). 
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Table 9.2: Flow calibration results 

Calibration 
BH 

Topographical 
Elevation 
(mamsl) 

Water Level 
(mbgl) 

Measured 
head 

elevation 
(mamsl) 

Simulated 
head 

elevation 
(mamsl) 

Mean Error 
(m) 

Mean 
Absolute 
Error (m) 

Root Mean 
Square Error 

(m) 

BGW2 1282.57 28.00 1254.57 1260.20 -5.63 5.63 31.64 
BGW3 1260.00 8.00 1252.00 1254.97 -2.97 2.97 8.82 
BGW9 1305.39 5.00 1300.39 1295.50 4.89 4.89 23.90 
TG2 1288.00 25.57 1262.43 1260.90 1.53 1.53 2.33 
TG1 1262.05 8.70 1253.35 1255.64 -2.29 2.29 5.22 

TG1-SM 1260.80 8.85 1251.95 1255.87 -3.92 3.92 15.35 
BWG10 1307.00 5.00 1302.00 1302.91 -0.91 0.91 0.83 
BN03 1259.28 2.50 1256.78 1257.77 -0.99 0.99 0.98 
BC02 1275.96 12.00 1263.96 1261.05 2.91 2.91 8.45 

CDM01 1304.58 3.00 1303.23 1293.37 9.86 9.86 97.18 
Average 1280.56 10.66 1270.07 1269.82 0.25 3.59 19.47 
Minimum 1259.28 2.50 1251.95 1254.97 -5.63 0.91 0.83 
Maximum 1307.00 28.00 1303.23 1302.91 9.86 9.86 97.18 

Correlation 0.99    

∑ 2.48 35.88 194.71 
1/n 0.25 3.59 19.47 

Root Mean Square Deviation (RMSD) 0.50 1.89 4.41 
Normalised Root Mean Square Deviation (NRMSD) (% of water level range) 8.60 

 
Figure 9.4: Correlation between simulated and observed groundwater levels 
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9.8 Numerical Groundwater Mass Transport Model 

Mass transport modelling in this situation refers to the simulation of water 
contamination or pollution due to deteriorating water quality in response to man’s 
disturbance of the natural environment (for example residue deposits). 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: 
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 FEFLOW software was used to provide numerical solutions for the concentration 
values in the aquifer in time and space. The required input into the model includes: 

• Input concentrations of contaminants. 

• Hydraulic conductivity values. 

• Porosity values. 

• Longitudinal dispersivities. 

• Transversal dispersivities. 

• Hydraulic heads/water levels in the aquifer over time. 
Input concentrations in the model were specified at nodes over the areas where 
contamination is expected. The input concentration for Total Dissolved Solids, based 
on the waste assessment was used as a representative tracer for groundwater 
contamination emanating from the TSF. Transmissivities for the aquifer were 
specified according to the values obtained during the steady state water level 
calibration. A longitudinal dispersivity value of 100 m was selected for the simulations 
(see Spitz and Morene 1996; and Bear and Verruijt 1992) estimated the average 
transversal dispersivity to be 10 to 20 times smaller than the longitudinal dispersivity. 
An average value of 10m was selected for this parameter during the simulations.  
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10. GEOHYDROLOGICAL IMPACT ASSESSMENT 

10.1 Groundwater Quality 

The calibrated numerical model was used to assess the potential impacts from the 
Tailings Facility (TSF) on the groundwater quality and the potential impact on the 
Blyde River.  
Based on the waste assessment, the leach testing results from the tailings material 
and the geochemical modelling (see Section 7.7), TDS was selected as a 
representative tracer to show potential contaminant migration.  
The source concentrations used in the mass transport model are based on the 
geochemical modelling, which is slightly higher than the concentrations from the 
leach testing.  
The expected leachate concentrations from the tailings material for the operational 
as well as post-closure phases are shown in Table 10.1. It is evident from the 
geochemical study that the quality of the leachate does not pose a risk to the 
groundwater. The source concentrations for TDS and sulphate exceeds the WUL 
limits, but not the SANS 241 Drinking water limits. 

Table 10.1: Source term concentrations (after Hansen, 2021) 
Parameter Abbreviation Units Value 

Existing Tailings 
pH pH pH units 7.6 

Total dissolved solids TDS 

mg/L 

2 299 
Sulphate SO4 1 547 
Calcium Ca 683 
Copper Cu 1.6 

Iron Fe <0.001 
Magnesium Mg 32 
Manganese Mn <0.001 
Potassium K 0.2 

New Tailings 
pH pH pH units 8.2 

Total dissolved solids TDS 

mg/L 

105 
Sulphate SO4 19 
Calcium Ca 25 
Copper Cu <0.001 

Iron Fe <0.001 
Magnesium Mg 1.1 
Manganese Mn <0.001 

According to the geochemical modelling the TDS concentrations at source are 2 299 
mg/L for the existing tailings and 105 mg/L for the new tailings. The high modelled 
TDS concentration is significantly higher than the leach test TDS concentrations of 
396 mg/L and 436 mg/L for the two tailings samples.  
Using a source TDS concentration of 2 299 mg/L in the numerical model is not 
supported by the concentrations in the monitoring boreholes. The TDS 
concentrations in the groundwater monitoring boreholes closest to the TSF are 
496 mg/L (BGW6) and 476 mg/L (TSF04). The input source concentration was 
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therefore changed during the mass transport model calibration until the 
concentrations in the boreholes are mimicked by the model. 
The calibrated TDS concentrations that were finally used to define the source term 
concentrations (tailings) as input into the mass transport model are as follows: 

• Operational TDS concentration: 860 mg/L. 

• Post-closure TDS concentration: 540 mg/L.  
The calibrated source concentrations are an indication that the geochemical model 
is conservative and probably an overestimate of the actual impact concentrations. 
It is important to note that these concentrations are significantly less than the SANS 
241 (2015) drinking water limits of 1 200 mg/L. 
The current impact is illustrated in Figure 10.1. Groundwater flow appears most 
prominent along the dyke that was identified during the geophysical study and 
subsequent drilling. Typically, a river would act as a groundwater flow barrier, but it 
was established in this instance that the Blyde River is a losing river. As a result, the 
“contaminant” plume continues to migrate past the river as indicated on Figure 10.1. 
The term “contaminant plume” is loosely used to illustrate leachate seepage from the 
TSF. The potential contaminant concentrations in the source are very low based on 
the waste assessment and geochemical assessment (see Table 10.1). Therefore, 
there is currently no impact on the Blyde River. Previous assessments of the water 
quality in the Blyde River confirms this finding. 
Figure 10.2 shows the plume migration after 100 years. This shows even less 
potential impact on the Blyde River. The reason for this is primarily due to a lower 
source term concentration that will come into effect when the new tailings are 
deposited. The new tailings contain significantly lower contaminant concentrations 
resulting in an improved leachate quality (Hansen, 2021). 
Although the perceived impact from the TSF is low, the most effective solution to 
contain any contamination that may be detected, is through scavenger boreholes. 
Figure 10.3 shows the plume distribution after 50 years when pumping the shown 
scavenger boreholes at a rate of 1 lit/sec. 
The simulated impacts from the TSF show negligible impacts. These simulations 
were done without any liner system. The mine, however, proposes to install a 
Class C liner on top of the existing tailings, prior to commencing with further disposal. 
The benefit of such a liner is that it will minimise any further seepage from the TSF, 
and it is expected that the current contaminant concentrations in the groundwater will 
dissipate naturally over time (see Figure 10.2). 
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Figure 10.1: Simulated current impact from the TSF 
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Figure 10.2: Simulated impact from the TSF in 100 years – No rehabilitation 
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Figure 10.3: Simulated impact from the TSF in 50 years – Rehabilitated  
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10.2 Groundwater Levels 

The historical mining intersected some water during its operations. Figure 10.7 shows 
the localities of the adits where water flows from the mine workings and includes the 
following: 

• Beta Adit:   Estimated flow 1 350 m3/day. 

• Morgenzon Adit: Estimated flow 80 m3/day. 

• Dukes Adit:  Unable to assess due to illegal mining activity. 

• Frankfort Mine:  No information. 
The current inflow volumes have not been measured accurately, but the estimated flow 
from the Beta mine is considered the most accurate. The calculations in this report are 
largely based on the current inflow, represented by the outflow from Beta adit, into the 
Beta mine. 
The first aspect of this study was to measure the areas previously mined. Figure 10.4 
to Figure 10.6 shows the current mining extent as well as the proposed mining 
extension for each mine. 
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Figure 10.4: Current and proposed mining in the Beta mine  
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Figure 10.5: Current and proposed mining in the CDM mine  



87 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

 
Figure 10.6: Current and proposed mining in the Frankfort mine 
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Two methods were used to calculate the expected groundwater inflow at the end of 
mining. Both methods require the areas that were mined and proposed to be mined. 

10.2.1 Proportional Method 

This method is simply dividing the current water inflow by the area mined and 
proportionally projecting the litres/m2 to the proposed mining area. The results from the 
Proportional Method are presented in Table 10.2.  

Table 10.2: Estimated groundwater inflow – Proportional calculation 

Mine 
Area mined Proposed Mining Groundwater Inflow Additional Inflow Total Estimated Inflow 

(m2) (m2) (m3/day) (lit/m2) (m3/day) (m3/day) 

Beta 1 423 344 883 741 1 350 0.95 838 2 188 

Clewer-Dukes-Morgenzon 1 045 463 332 579 1 000 0.96 318 1 318 

Frankfort 190 132 360 517 200 1.05 379 579 

10.2.2 Vertical Darcy Flow Calculation 

The second method is more scientific and uses the Darcy equation for vertical flow. The 
equation is as follows: 

     
 Where: 
 Q = flow in m3/day. 
 K = Hydraulic Conductivity in m/day/. 
 I = groundwater gradient. 

 A = area in m2.  
In this method the flow at the Beta Adit was used as this is considered relatively 
accurate. The gradient is taken as 1 since the flow is vertical into the mine and the area 
is based on the measured historical mining. Based on this information the hydraulic 
conductivity (K) is calculated as 1x10-2 m/day. This K-value was also used in the other 
two mining areas to determine the current and future groundwater inflow. 
The results from the Darcy flow assessment are presented in Table 10.3. 

Table 10.3: Estimated groundwater inflow –Darcy flow calculation 

Mine Area 
mined 

Proposed 
Mining 

Groundwater 
Inflow 

Additional 
Inflow 

Total Estimated 
Inflow 

 (m2) (m2) (m3/day) (m3/day) (m3/day) 
Beta 1 423 344 883 741 1 423 884 2 307 

Clewer-Dukes-
Morgenzon 1 045 463 332 579 1 045 333 1 378 

Frankfort 190 132 360 517 190 361 551 

The Darcy flow calculation indicates slightly more groundwater inflow than the 
proportional method but is considered more accurate.  
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The continuous inflow of groundwater into the mine may lead to an impact on the 
groundwater levels overlying the mine workings. The simulated groundwater level 
impacts (drawdown >0.1m), to account for the estimated inflow, are shown on Figure 
10.7. The impacts are localised and not expected to be noticeable. 
The current flow volumes are relatively low, considering that the mines are situated 
within a dolomite aquifer. There is potentially a risk that larger groundwater inflows, 
associated with geological structures such as faults and dykes or even cavities. 
Measures will have to be put in place to manage this risk. 
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Figure 10.7: Estimated groundwater level impact area  
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11. MINE WATER BALANCE 

A detailed water balance for all the operations were developed by Eco Elementum 
Environment and Engineering (2021), as part of the Storm Water Management Plan 
Design Report. These water balances were used as a basis and updated with the 
expected maximum groundwater ingress calculations described in the previous 
section. 
The water balances will be discussed under the following headings: 

• Beta Mine. 

• Clewer-Dukes-Morgenzon Mine Complex. 

• Frankfort Mine. 

• TGME Plant and Tailings Facility (TSF). 

11.1 Beta Mine 

The Beta underground mining complex consists of the following components: 

• Underground workings. 

• DMS plant. 

• Pollution control and settling dams. 
The revised water balance for the Beta Mine complex is summarised in Table 11.1 
and illustrated Figure 11.1.  

Table 11.1: Summarised water balance – Beta mine 

Source Water In 
(m3/day) Source Water Out 

(m3/day) 
Balance 
(m3/day) 

Beta North Shaft 
Mine reticulation water 283.9 Water up shaft 262.3 

 Mine service water reservoir 7.0 Seepage losses 21.6 
Groundwater ingress 2 307.0  
Potable water 1.6 

Total In 2599.5 Total Out 283.9 2,316 m3/day 
PCD & Settling Ponds 

Rainfall 10.9 Evaporation 4.9 

 Dirty runoff 15.5 Dust suppression 1.5 
Water make-up 54.8 To mine service water reservoir 7.0 
Settling ponds return 82.1 Water to DMS plant 150.0 

Total In 163.4 Total Out 163.3 0 m3/day 
DMS Plant 

Water to DMS plant 150.0 Product to plant 33.0 
 

 Seepage losses 6.0 
To settling ponds 111.0 

Total In 150.0 Total Out 149.9 0 m3/day 
TOTAL WATER IN 2912.8 TOTAL WATER OUT 597.1 2,316 m3/day 

The Beta Mine is expected to have 2 316 m3/day (845 234 m3/annum) surplus water 
during peak groundwater inflow volumes. This volume will not be instantly but will 
increase over time to this maximum estimated volume. 
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Figure 11.1: Beta Mine water balance (modified after Eco Elementum, 2021) 

BETA NORTH
PCD 4 (VOL=6 700m3)

10.9           m3/d 4.9       m3/d
3,986         m3/a 1,774   m3/a

1.5 m3/d WATER BOWSER /
15.5           m3/d 559 m3/a DUST SUPPRESION

5,658         m3/a PUMP

55             m3/d
20,011       m3/a

SETTLING PONDS

82.1           m3/d 111.0 m3/d
29,971       m3/a 40,501        m3/a

21.6 m3/d
7,882      m3/a PUMP

28.8           m3/d
10,530       m3/a

NORTH SHAFT BETA NORTH OPPS DAM (VOL = 1 000m³) DMS PLANT
2,307.0      m3/d
842,055     m3/a

283.9     m3/d
103,624  m3/a

PUMP 7.0          m3/d 150.0         m3/d
2,555       m3/a 54,732       m3/a

262.3     m3/d
95,742    m3/a

1.6         m3/d
584        m3/a POTABLE WATER TREATMENT PLANT / TANK

33.0 m3/d
871,710   m3/a 12,040        m3/a

2,388.25  m3/d
34,975     m3/a
95.82      m3/d 6.0 m3/d

836,736   m3/a 2,190         m3/a
2,292.43  m3/d

PUMP

PUMP

Water In

Water Out

Balance

Product to Plant

Potable Water from TGME 
Water Treatment Plant Domestic Use

Plant Losses

Groundwater Ingress Settling
Pond 

Losses

EvaporationRainfall

Dirty Runoff

TGME Plant Make-up Water

Shaft Losses



93 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

11.2 Clewer-Dukes-Morgenzon Mine 

The CDM underground mining complex consists of the Morgenzon and Dukes mining 
operations. There will be a DMS Plant at Dukes North, but not at Morgenzon or at 
Dukes South. The CDM underground mining complex consists of the following 
components: 

• Underground workings. 

• DMS plant (Dukes North). 

• Pollution control and settling dams. 
The revised water balance for the CDM Mine complex is summarised in Table 11.2 
and illustrated Figure 11.2 (Morgenzon Mine) and Table 11.3 and Figure 11.3 
(Dukes mine).  

Table 11.2: Summarised water balance – Morgenzon mine 

Source 
Water In 

Source 
Water Out Balance 

(m3/day) (m3/day) (m3/day) 
Morgenzon Shaft 

Mine reticulation water 278.3 Water up shaft 262.3 

 Mine service water reservoir 12.6 Seepage losses 16.0 
Groundwater ingress 633.0  
Potable water 1.6 

Total In 925.5 Total Out 278.3 647 m3/day 
PCD 3 

Rainfall 5.0 Evaporation 1.1 
 Dirty runoff 8.8 Dust suppression 0.1 

 To mine service water reservoir 12.6 
Total In 13.8 Total Out 13.7 0 m3/day 

TOTAL WATER IN 939.3  292.0 647 m3/day 

The Morgenzon Mine (North and South) is expected to have 647 m3/day 
(236 238 m3/annum) surplus water during peak groundwater inflow volumes. 
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Table 11.3: Summarised water balance – Dukes mine 

Source Water In Source Water Out Balance 
(m3/day) (m3/day) (m3/day) 

Dukes North Shaft 
Mine reticulation water 286.2 Water up shaft 262.3 

 Mine service water reservoir 4.7 Seepage losses 82.2 
Groundwater inflow 343.0  
Potable water 1.6 

Total In 635.5 Total Out 344.5 291 m3/day 
PCD & Settling Ponds 

Rainfall 6.2 Evaporation 2.4 
 Dirty runoff 8.8 To DMS plant 143.5 

Return water from settlers 135.6 To mine service water reservoir 4.7 
Total In 150.6 Total Out 150.6 0 m3/day 

DMS Plant 
Water from PCD 143.5 Product to plant 70.3 

 Water from reservoir 191.4 Plant losses 13.4 
 Settling ponds 251.2 

Total In 334.9 Total Out 334.9 0 m3/day 
Waste Rock 

Rainfall 1.0 Evaporation 0.6  
Dirty runoff 1.6 Dust suppression 1.4 

Total In 2.6 Total Out 2.0 0.6 m3/day 
Dukes South Shaft 

Water down shaft 290.9 Water up shaft 262.4 

 Groundwater ingress 343.0 Seepage losses 82.2 
Potable water 1.6 Potable water 1.6 
Water from reservoir 5.0  

Total In 635.5 Total Out 346.2 289 m3/day 
PCD & Settling Ponds 

Rainfall 1.0 Evaporation 1.5  
Dirty runoff 5.5 To mine service water reservoir 5.0 

Total In 6.5 Total Out 6.5 0 m3/day 
Waste Rock 

Rainfall and runoff 2.6 Evaporation 0.6  
 Dust suppression 1.4 

Total In 2.6 Total Out 2.0 0.6 m3/day 
TOTAL WATER IN 1768.2  1186.8 581 

The Dukes Mine (North and South) is expected to have 581 m3/day 
(212 220 m3/annum) surplus water during peak groundwater inflow volumes. 
The CDM Mine Complex is expected to have 1 229 m3/day (448 458 m3/annum) 
surplus water during peak groundwater inflow volumes. 
 



95 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

 
Figure 11.2: Morgenzon Mine water balance (modified after Eco Elementum, 2021) 

MORGENZON NORTH & SOUTH
PCD 3 (VOL=4 000m3)

4.4            m3/d 1.1       m3/d
1,606         m3/a 389      m3/a

0.1 m3/d WATER BOWSER /
6.2            m3/d 27 m3/a DUST SUPPRESION

2,263         m3/a PUMP

SUMP (VOL = 498m³)

1               m3/d
207            m3/a

3               m3/d
949            m3/a

16.0 m3/d
5,838      m3/a

MORGENZON SHAFT RESERVOIR (VOL = 1 000m³)
633.0         m3/d

231,045     m3/a

278.3     m3/d
101,580 m3/a

PUMP 12.6        m3/d
4,599       m3/a

262.3     m3/d
95,742   m3/a

1.6        m3/d
584       m3/a POTABLE WATER TREATMENT PLANT / TANK

236,070 m3/a
646.77   m3/d
6,254     m3/a
17.13     m3/d

229,817 m3/a
629.63   m3/d
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PUMP

PUMP

Water In

Water Out
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Figure 11.3: Dukes Mine water balance (modified after Eco Elementum, 2021)  

DUKES NORTH
PCD 1 (VOL=6 500m3)

6.2            m3/d 2.4       m3/d
2,263         m3/a 143.5   m3/d 876      m3/a

135.6       m3/d 52,378  m3/a
8.8            m3/d 49,494     m3/a DMS PLANT

3,212         m3/a 4.7            m3/d 70.3           m3/d
82.2     m3/d 70.9     m3/d 1,716         m3/a 25,660        m3/a

8,724   m3/a 343.0         m3/d 25,879  m3/a
125,195     m3/a 13.4           m3/d

DUKES NORTH SHAFT 4,891         m3/a
191.4   m3/d

69,861  m3/a
286.2     m3/d

104,463 m3/a
115.6   m3/d

42,194  m3/a

262.3     m3/d
PUMP 95,740   m3/a 251.2         m3/d

91,688        m3/a
1.6        m3/d SETTLING PONDS
584       m3/a

0.6            m3/d
237            m3/a

POTABLE WATER TANK WASTE ROCK DUMP WATER BOWSER /
SUMP (VOL = 498m³) DUST SUPPRESION

1.0       m3/d 1.4       m3/d
365      m3/a 507      m3/a

1.6       m3/d
584      m3/a 0.6            m3/d

219            m3/a
DUKES SOUTH

PCD 2 (VOL=1 167m3)
1.0            m3/d 1.5       m3/d
365            m3/a 548      m3/a

5.5            m3/d 0.6             m3/d
2,008         m3/a 5.0            m3/d 237            m3/a

82.2     m3/d 1,825         m3/a 2.6       m3/d
8,578   m3/a 949      m3/a

343.0         m3/d SUMP (VOL = 498m³)
125,195     m3/a

DUKES SOUTH SHAFT 1.4             m3/d
507            m3/a

285.9     m3/d
104,354 m3/a

0.6             m3/d
205            m3/a

262.4     m3/d WASTE ROCK DUMP
95,776   m3/a

1.6        m3/d 260,136 
584       m3/a 712.70   

76,080   
208.44   

184,055 
504.26   

POTABLE WATER TANK
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11.3 Frankfort Mine 

The Frankfort underground mining complex consists of the following components: 

• Underground workings. 

• DMS plant. 

• Pollution control and settling dams. 
The revised water balance for the Frankfort Mine complex is summarised in Table 
11.4 and illustrated Figure 11.4.  

Table 11.4: Summarised water balance – Frankfort mine 

Source 
Water In 

Source 
Water Out Balance 

(m3/day) (m3/day) (m3/day) 
Frankfort Shaft 

Mine reticulation water 327.3 Water up shaft 262.3 

 Mine service water reservoir 65.0 Seepage losses 65.0 
Groundwater ingress 551.0  
Potable water 1.6 

Total In 943.3 Total Out 327.3 616 m3/day 
DMS Plant 

Water from PCD 254.4 Product to plant 76.9 
 River abstraction 111.6 Seepage losses 14.6 

 Settling ponds 274.5 
Total In 366.0 Total Out 366.0 0 m3/day 

PCD & Settling Ponds 
Rainfall 13.4 Evaporation 5.3 

 Dirty runoff 27.9 Dust suppression 6.7 
Settling ponds return 203.1 To DMS plant 254.4 
From mine service water reservoir 87.0 To mine service water reservoir 65.0 

Total In 331.4 Total Out 331.4 0 m3/day 
TOTAL WATER IN 1640.7 TOTAL WATER OUT 1024.7 616 m3/day 

The Frankfort Mine is expected to have 616 m3/day (224 837 m3/annum) surplus 
water during peak groundwater inflow volumes. 
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Figure 11.4: Frankfort Mine water balance (modified after Eco Elementum, 2021)  

FRANKFORT NORTH & SOUTH
PCD 1 (VOL=4 633m3)

12.8           m3/d 5.2       m3/d
4,660         m3/a 1,898   m3/a

WATER BOWSER /
3.3            m3/d PUMP DUST SUPPRESION

1,222         m3/a

6.7 m3/d
1               m3/d 2446 m3/a

219            m3/a 87.0 m3/d 203.1 m3/d
31,755    m3/a 74,142   m3/a

25             m3/d SETTLING PONDS
8,948         m3/a

0.1        m3/d 274.5 m3/d
24         m3/a 100,193  m3/a

PUMP

65.0 m3/d
23,725 m3/a

28.6 m3/d 71.4     m3/d
10,437     m3/a 26,051  m3/a

FRANKFORT SHAFT RESERVOIR (VOL = 1 000m³) DMS PLANT
551.0         m3/d

201,115     m3/a 254.4     m3/d
92,856   m3/a

290.9     m3/d
106,179 m3/a

PUMP
112       m3/d

262.3     m3/d 40,734   m3/a
95,742   m3/a

POTABLE WATER TANK
76.9 m3/d

256,898   m3/a 28,054        m3/a
703.83     m3/d
74,253     m3/a 28.4      m3/d
203.43     m3/d 10,366   m3/a 14.6 m3/d

182,645   m3/a 5,344         m3/a
500.40     m3/d

PUMP
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11.4 TGME Plant and Tailings Facility 

The TGME Plant consists of the following components: 

• Metallurgical plant. 

• Pollution control and water make-up dams. 

• Water treatment plant (WTP). 
The revised water balance for the TGME Plant and TSF is summarised in Table 11.5 
and illustrated Figure 11.5.  

Table 11.5: Summarised water balance – TGME Plant and TSF 

Source 
Water In 

Source 
Water Out Balance 

(m3/day) (m3/day) (m3/day) 
TGME Plant 

PCD 1  

Rainfall 10.2 Evaporation 8.9  
Dirty runoff 11.3 Flow to PCD 2 12.5 

Total In 21.5 Total Out 21.5 0 m3/day 
PCD 2  

Rainfall 9 Evaporation 7.7 
 Dirty runoff 19 Flow to plant make-up dam 33.2 

Flow from PCD 1 12.5  

Total In 41.0 Total Out 41.0 0 m3/day 
Plant Make-up Dam  

Rainfall 14 Evaporation 7.8 

 Flow from PCD 2 33.2 Flow to TGME plant 665.8 
Return water dams 628.5 Flow to Beta North PCD 54.8 
Water treatment plant 406.0 Water treatment plant 353.0 

Total In 1,081.5 Total Out 1,081.5 0 m3/day 
Water Treatment Plant  

Flow from plant make-up dam 353.0 Water to Blyde River 353.0  

Total In 353.0 Total Out 353.0 0 m3/day 
Metallurgical Plant  

Flow from plant make-up dam 665.8 Slurry to TSF 639.2  
 Plant losses 26.6 

Total In 665.8 Total Out 665.8 0 m3/day 
Tailings Facility 

TSF  
Rainfall 31.5 Evaporation 104.5 

 
Dirty runoff 154.6 Interstitial storage 98.8 
Slurry from plant 639.2 Seepage losses 16.8 

 Return water 605.2 
Total In 825.3 Total Out 825.3 0 m3/day 
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Source 
Water In 

Source 
Water Out Balance 

(m3/day) (m3/day) (m3/day) 
Return Water Dams  

Return water 605.2 Evaporation 26.9 

 Rainfall 23.3 Water to RWD Ext 622.6 
TSF runoff 4.3  
TSF seepage 16.8 

Total In 649.6 Total Out 649.5 0 m3/day 
Return Water Dam Extension  

Rainfall 18.4 Evaporation 12.6  
Water from RWD 622.6 Make-up water dam 628.5 

Total In 641.0 Total Out 641.1 0 m3/day 
Potable Water  

River abstraction 62.9 Potable water 36.2  
 Losses (septic tank) 26.7 

Total In 62.9 Total Out 62.9 0 m3/day 
TOTAL WATER IN 4341.5 TOTAL WATER OUT 4341.5 0 m3/day 

The calculated groundwater inflows are in all instances higher than the volumes 
allowed for by Eco Elementum (2021). At the time when Eco Elementum did the water 
balances the expected groundwater volumes were not available. 
Based on the geohydrological assessment the water balances change as follows: 

• Expected maximum groundwater inflow volumes into the underground 
operations is 4 236 m3/day (1 546 140 m3/ annum). This volume will not be 
instantly but will increase over time to this maximum estimated volume. This 
gradual increase can be more accurately calculated once the mine scheduling 
becomes available.  

• The Eco Elementum report indicated that there will be a daily make-up water 
shortfall of approximately 795.95 m3/day (290,521.6 m3/annum), that should 
be supplemented from external sources. 

• The water balance further includes a volume of 580 m3/day (211 846 
m3/annum) to be abstracted from the Blyde River and 28 m3/day (10 366 
m3/annum) to be extracted from the Molototse River. 

• The excess groundwater can make-up for any shortfall and in time replace 
abstraction from the Blyde and Molototse Rivers.  

• It is estimated that a maximum volume of 3 627 m3/day (1 323 928 m3/annum) 
of excess groundwater (after replacing abstraction from the rivers) may have 
to be treated before discharging back into the Blyde River. 
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Figure 11.5: TGME Plant and TSF water balance (modified after Eco Elementum, 2021)  

TGME PLANT
PCD 1 (VOL=5 110m3)

10.2          m3/d 8.9        m3/d
3,719         m3/a 3,266     m3/a

11.3          m3/d 7.7        m3/d
4,121         m3/a 2,827     m3/a

12.5          m3/d
4,575        m3/a 7.8        m3/d

2,865     m3/a
PCD 2 (VOL=4 532m3)

9               m3/d TGME PLANT
3,310         m3/a

19             m3/d
7,072         m3/a

665.8     m3/d
PLANT WATER MAKE-UP DAM (VOL=4 532m3) 243,017 m3/a

14             m3/d 33.2        m3/d
5,051         m3/a 12,129     m3/a
628.5         m3/d

229,387     m3/a

TANK 353.0     m3/d BETA NORTH PCD 4 639.2     m3/d
128,845 m3/a 406.0     m3/d 233,296 m3/a

62.9      m3/d 148,172  m3/a
22,959   m3/a 54.8       m3/d 26.6       m3/d

WATER TREATMENT PLANT 20,011   m3/a 9,709     m3/a

36.2     m3/d
13,213  m3/a 353.0     m3/d

TGME TSF 128,845 m3/a
26.7     m3/d

9,746   m3/a
154.6         m3/d

56,429       m3/a TAILINGS STORAGE FACILITY
104.5     m3/d

31.5          m3/d 38,143   m3/a
11,498       m3/a 98.8      m3/d

36,062   m3/a
TGME PLANT 16.8      m3/d

PUMP 6,132     m3/a
Slurry 639.2     m3/d 26.9           m3/d

233,296 m3/a 9,833         m3/a
Return Water

605.2       m3/d
220,888   m3/a

23.3           m3/d
8,505         m3/a

RWD CELL 2

4.3            m3/d Canal RWD CELL 1
1,570         m3/a

622.6         m3/d 18.4           m3/d
16.8          m3/d 227,249     m3/a 6,716         m3/a

6,132         m3/a
1,584,638  m3/a

4,341        m3/d RWD CELL EXT 628.5     m3/d
1,584,638  m3/a 229,403 m3/a

4,341        m3/d
0-              m3/a 12.6       m3/d
0-              m3/d 4,593     m3/a
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12. GEOHYDROLOGICAL RISK ASSESSMENT 

12.1 Plomp Impact Assessment Methodology 

The Environmental Impact Assessment Regulations, 2014 (EIA Regulations, 2014) 
(as amended) promulgated in terms of Sections 24 (5), 24(m) and 44 of the NEMA, 
require that all identified potential impacts associated with the project be assessed in 
terms of their overall potential significance on the natural, social and economic 
environments. The criteria identified in the EIA Regulations,2014 include the 
following: 

• Nature of the impact. 

• Extent of the impact. 

• Duration of the impact 

• Probability of the impact occurring. 

• Degree to which impact can be reversed. 

• Degree to which impact may cause irreplaceable loss of resources. 

• Degree to which the impact can be mitigated. 

• Cumulative impacts. 

The significance of the aspects/ impacts of the process will be rated by using a matrix 
derived from Plomp (2004) and adapted to some extent to fit this process. These 
matrixes use the consequence and the likelihood of the different aspects and 
associated impacts to determine the significance the impacts.  

12.1.1 Probability of the Impact 

The certainty or probability of the impact describes the likelihood of the impact 
occurring. 

Rating Description Quantitative Rating 

Improbable The possibility of the impact occurring is very low, due to the 
circumstances, design or experience. 1 

Probable There is a probability that the impact will occur to the extent that 
provision must be made therefore. 2 

Highly Probable It is most likely that the impact will occur at some stage of the 
development. 4 

Definite 
The impact will take place regardless of any prevention plans, and 

there can only be relied on mitigatory actions or contingency plans to 
contain the effect. 

5 

12.1.2 Duration of the Impact 

The duration of the impact refers to the temporal scale of the impact or benefit, in 
terms of the period of time that the surrounding environment will be affected or altered 
by the proposed project. This is determined by the following scale: 
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Rating Description Quantitative Rating 

Short Term 
The impact will either disappear with mitigation or will be mitigated 
through natural processes in a time span shorter than any of the 

phases. 
1 

Medium Term The impact will last up to the end of the phases, where after it will be 
negated. 3 

Long Term 
The impact will last for the entire operational phase of the project 

but will be mitigated by direct human action or by natural processes 
thereafter. 

4 

Permanent 
Impact that will be non-transitory.  Mitigation either by man or 

natural processes will not occur in such a way or in such a time 
span that the impact can be considered transient. 

5 

12.1.3 Scale of the Impact 

The extent of the impact refers to the spatial scale of the impact or benefit of the 
proposed project and the area over which it extends. A description is provided of whether 
effects are limited in extent or affects a wide area or group of people. The extent is rated 
according to the following scale: 

Rating Description Quantitative Rating 

Local The impacted area extends only as far as the activity, e.g., footprint 1 

Site The impact could affect the whole, or a measurable portion of the 
above-mentioned properties. 2 

Regional The impact could affect the area including the neighbouring 
residential areas. 3 

12.1.4 Magnitude/Severity of the Impact 

The severity or intensity of an impact is an attempt to quantify the magnitude of the 
impacts and benefits associated with the proposed project. The severity scale 
accounts for extent and magnitude but is subject to the value judgement of the report 
writer. The following scale is useful in measuring severity and benefit: 

Rating Description Quantitative Rating 

Low The impact alters the affected environment in such a way that natural 
processes are not affected. 2 

Medium The affected environment is altered, but functions and processes 
continue in a modified way. 6 

High Function or process of the affected environment is disturbed to the 
extent where it temporarily or permanently ceases. 8 
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12.1.5 Significance of the Impact 

This is an indication of the importance of the impact in terms of both physical extent 
and time scale, and therefore indicates the level of mitigation required. The 
significance is determined by the following formula: 

Significance = (Duration + Scale + Magnitude) x Probability 

Rating Description Quantitative Rating 

Negligible The impact is non-existent or unsubstantial and is of no or little 
importance to any stakeholder and can be ignored. ≤20 

Low 
The impact is limited in extent, has low to medium intensity; 

whatever its probability of occurrence is, the impact will not have a 
material effect on the decision and is likely to require management 

intervention with increased costs. 
≤40 

Moderate 
The impact is of importance to one or more stakeholders, and its 

intensity will be medium or high; therefore, the impact may 
materially affect the decision, and management intervention will be 

required. 
≤60 

High 
The impact could render development options controversial or the 
project unacceptable if it cannot be reduced to acceptable levels; 
and/or the cost of management intervention will be a significant 

factor in mitigation. 
>60 

12.2 Impact Assessment Result 

The geohydrological impact assessment for the proposed project is presented in Table 
12.1. 
The following risks are generally associated with the mining: 

• Lowering of the regional groundwater level to keep the mining operations dry. 
• Impact on the regional groundwater quality because of seepage of contaminants 

from the mining site. 
• Impact on the regional groundwater quality because of seepage of contaminants 

from waste bodies. 
 
.
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Table 12.1: TGME groundwater Plomp Impact Assessment Table 

 

 

 

Magnitude Score Magnitude Score Magnitude Score Magnitude Score Score Magnitude
Construction Phase 

WOM Negative Improbable 1 Short term 1 Local 1 Medium 6 8 Negligible National Environmental Management 
Act (NEMA), 

WOM Negative Probable 2 Short term 1 Regional 3 Medium 6 20 Negligible - Sample water regularly to assess the water quality
- If quality is not suitable for discharge it should be pumped to an adequate holding facility

Operational Phase

WOM Negative Highly Probable 4 Long term 4 Site 2 High 8 56 Moderate

WOM Negative Highly Probable 4 Permanent 5 Local 1 Medium 6 48 Moderate

 - Drilling of cover boreholes ahead of development in virgin ground. These holes must be equipped with valves 
so that they can be closed if water is intersected and to allow for later grouting if necessary.
 - It is recommended that groundwater intersections in the cover holes are grouted to allow for dry mining of the 
development ends. 
 - Pillars may be required around water-bearing geological structures.
 - Accurate record keeping of all water intersections and the following should be recorded:
   - Position of the water intersection.
   - Water pressure of the intersection as this provides an indication of the groundwater level.
   - Groundwater quality.
   - Grout volumes and sealing pressure.

WOM Negative Probable 2 Long term 4 Site 2 Medium 6 24 Low

Closure and Post closure

WOM Negative Probable 2 Long term 4 Regional 3 High 8 30 Low

WOM Negative Highly Probable 4 Permanent 5 Local 1 Medium 6 48 Moderate

Residual groundwater contamination after closure of 
the mine Groundwater quality

Groundwater entering the mine coming into contact 
with contaminants causing deterioration of the water 

quality
WM Negative Probable 2 Long term 4 Site 2 Medium 6 24 Low Continued monitoring of the water quality and possible treatment of water if required Prevent contaminated water from 

entering surface streams

National Environmental Management 
Act (NEMA), 

National Water Act (NWA)

National Environmental Management 
Act (NEMA), 

National Water Act (NWA)

Water entering the mine should be sealed as far as possible Reduce the volume of 
groundwater flowing into the mine

National Environmental Management 
Act (NEMA), 

National Water Act (NWA)

National Environmental Management 
Act (NEMA), 

National Water Act (NWA)

- Water that cannot be sealed should be included in the mining and processing circuit as far as possible
 - Water should be contained in underground dams from where it can be piped to holding dams on surface 
(prevent the water from flowing through the mineralised areas
 - Reduce contact time between the water and the rock

Groundwater quality

Groundwater level and yield

Groundwater entering the mine coming into contact 
with contaminants causing deterioration of the water 

quality

Without or 
With 

Mitigation
Probability

Underground mining

Nature 
(Negative or 

Positive 
Impact)

Management MeasuresMagnitude/ Severity Significance

Underground mining
Water flow into the mine resulting in the draining of 

the aquifer and potential lowering of the groundwater 
level

ScaleActivity

- Design and placement of suitable liner and drainage system according to the waste classification requirements
 - Routine monitoring to act as early warning of potential impacts
 - Implementation of remedial options to contain or remove contaminant plume, if required

Potential Impact 

- Generation and disposal of  hazardous operational 
waste i.e. waste rock, tailings, etc.

 - Seepage of contaminated leachate into the aquifer 
system

Waste Deposition
 - Tailings facility (TSF)

 - Return water dams (RWD)
 - Waste rock dumps (WRD)

Duration

Tailings Facility Establishment

Continued groundwater inflow into the mine Groundwater level and yield
Water flow into the mine resulting in the draining of 

the aquifer and potential lowering of the groundwater 
level

- Generation and disposal of  hazardous operational 
waste i.e. waste rock, tailings, etc.

 - Seepage of contaminated leachate into the aquifer 
system

Residual groundwater contamination from TSF, 
RWD and WRD after closure of the mine Groundwater quality Design and implementation of a suitable rehabilitation plan 

Avoid seepage of rainwater 
through the waste material and 

contaminated leachate from 
entering the aquifer

Compliance with Standards (where 
applicable)

National Environmental Management 
Act (NEMA), 

National Water Act (NWA)

National Environmental Management 
Act (NEMA), 

National Water Act (NWA)

Prevent groundwater from 
becoming contaminated when 

entering the mine

Management objective

Avoid or reduce contaminated 
seepage

Seepage of contaminated leachate into the aquifer 
system

Tailings deposition will not take place during the construction phase and no impact is therefore expected. No 
management measures are recommended other than the establishment of a suitable groundwater monitoring 
network.

Avoid contaminated seepage

Underground Mining Establishment Groundwater quality

Prior to the actual mining commencing the opening 
up and dewatering of main accessways will take 

place.
Dewatering of flooded underground workings may 
pose a risk of contaminated water spilling into the 

surface water streams.

Prevent contaminated water from 
entering surface streams

Reduce the volume of 
groundwater flowing into the mine

National Environmental Management 
Act (NEMA), 

National Water Act (NWA)

Aspect affected

Groundwater quality

Groundwater



106 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

13. GROUNDWATER MONITORING 

13.1 Introduction 

The expected impacts from the mining operations on the groundwater is considered low. 
Verification of the impacts are, however, required and monitoring is therefore 
recommended. 
A long-term monitoring programme should be developed based on the guideline 
documented in Best Practice Guideline G3 Water Monitoring Systems (2007) available 
from the DWS. These guidelines are summarised and implemented in the proposed 
monitoring plan. 
A monitoring plan is necessary because (DWS, 2007): 

• Accurate and reliable data forms a key component of many environmental 
management actions. 

• Water monitoring is a legal requirement. 

• The most common environmental management actions require data and thus the 
objectives of water monitoring include the following: 
o Development of environmental and water management plans based on impact 

and incident monitoring (facilitate in decision-making, serve as early warning 
to indicate remedial measures or that actions are required in certain areas) for 
the mine and region. 

o Generation of baseline/background data before project implementation. 
o Identification of sources of pollution and extent of pollution (legal implications 

or liabilities associated with the risks of contamination moving off site). 
o Monitoring of water usage by different users (control of cost and maximising 

of water reuse). 
o Calibration and verification of various prediction and assessment models 

(planning for decommissioning and closure). 
o Evaluation and auditing of the success of implemented management actions 

(ISO 14000, compliance monitoring). 
o Assessment of compliance with set standards and legislation (EMPs, water 

use licenses). 

o Assessment of impact on receiving water environment. 
Groundwater monitoring on a mine consists of various components as illustrated by the 
overall monitoring process (Figure 13.1) It should be recognised and understood that 
the successful development and implementation of an appropriate, accurate and reliable 
monitoring programme requires that a defined structured procedure be followed. A 
monitoring programme should include the location of all monitoring points (indicated on 
a map), the type of data to be collected, as well as the data collection (protocol / 
procedure / methodology, frequency of monitoring and parameters determined, quality 
control and assurance), management (database and assessment) and reporting 
procedures. This programme should then be implemented. The results from the 
monitoring programme should be representative of the actual situation. To ensure that 
the monitoring programme functions properly, an operating and maintenance 
programme should be developed and implemented. A data management system is 
necessary to ensure that data is stored / used optimally and is accessible to all the 
relevant users. The monitoring programme should include quality control measures. It is 
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important to note that this programme is dynamic and should change as the mine and 
water management needs change. 

 
Figure 13.1: Monitoring process (DWA, 2007) 

Effective groundwater monitoring systems on a mine consist of the following 
components: 

• Groundwater quality monitoring system. 

• Groundwater flow monitoring system. 

• Data and information management system. 
When designing the monitoring system, the following issues should also be taken into 
consideration: 

• Potential or actual water use. 

• Aquifer or catchment vulnerability. 

• Toxicity of chemicals. 

• Potential for seepage or releases. 

• Quantities and frequency of release to the environment (point and non-point). 

• Management measures in place to minimise risk. 
Groundwater sampling should be done in accordance with industry standards. The 
sampling procedures are discussed in detail in: 

• Weaver, J.M.C. 1992a. Groundwater sampling: A comprehensive guide for 
sampling methods (WRC Report No. TT 54/92). Pretoria: Water Research 
Commission. 

• Weaver, J.M.C. 1992b. Groundwater sampling: An abbreviated field guide for 
sampling methods (WRC Report No. TT 56/92). Pretoria: Water Research 
Commission. 

These sampling procedures should be adhered to. 
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13.2 Groundwater Monitoring Network 

A groundwater monitoring system must adhere to the criteria described below.  

13.2.1 Source, Plume, Impact and Background Monitoring 

A groundwater monitoring network should contain monitoring positions which can assess 
the groundwater status at certain areas. The boreholes can be grouped according to the 
following purposes: 

• Source monitoring: Monitoring boreholes are placed close to or in the source of 
contamination to evaluate the impact thereof on the groundwater chemistry.  

• Plume monitoring: Monitoring boreholes are placed in the primary groundwater 
plume’s migration path to evaluate the migration rates and chemical changes 
along the pathway.  

• Impact monitoring: Monitoring of possible impacts of contaminated groundwater 
on sensitive ecosystems or other receptors. These monitoring points are also 
installed as early warning systems for contamination break-through at areas of 
concern.  

• Background monitoring: Background groundwater quality is essential to evaluate 
the impact of a specific action/pollution source on the groundwater chemistry. 

A monitoring network should be dynamic. This means that the network should be 
extended over time to accommodate the migration of contaminants through the aquifer 
as well as the expansion of infrastructure and/or addition of possible pollution sources. 
An audit on the monitoring network should be conducted annually. 

13.2.2 Monitoring Frequency 

In the operational phase and closure phase, biannual monitoring of groundwater quality 
and groundwater levels is recommended. Quality monitoring should take place during 
the wet and dry seasons, i.e. during June and December. It is important to note that a 
groundwater-monitoring network should also be dynamic. This means that the network 
should be extended over time to accommodate the migration of potential contaminants 
through the aquifer as well as the expansion of infrastructure and/or addition of possible 
pollution sources. 

13.2.3 Monitoring Parameters 

The identification of the monitoring parameters is crucial and depends on the chemistry 
of possible pollution sources. They comprise a set of physical and/or chemical 
parameters (e.g. groundwater levels and predetermined organic and inorganic chemical 
constituents). Once a contaminant indicator has been identified it can be used as a 
substitute to full analysis and therefore save costs. The use of pollution indicators should 
be validated on a regular basis in the different sampling positions. The parameters 
should be revised after each sampling event; some metals may be added to the analyses 
during the operational phase, especially if the pH drops. 

Physical Parameters: 

• Groundwater levels. 

• In-field measurements of Temp, EC, TDS and pH.  
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Chemical Parameters: 

The list of parameters that should be included in the monitoring of the site are shown in 
Table 13.1. 

Table 13.1:  Sampling parameters 

Constituent 
pH Calcium as Ca 

Conductivity in mS/m at 25ºC Magnesium as Mg 
Total dissolved solids at 180ºC Arsenic as As 

Alkalinity as CaCO3 Barium as Ba 
Ammonia as N Cadmium as Cd 

Nitrate as N Total chromium as Cr 
Chloride as Cl Copper as Cu 

Sulphate as SO4 Iron as Fe 
Boron as B Lead as Pb 

Fluoride as F Manganese as Mn 
Phosphate as P Mercury as Hg 

Sodium as Na Chemical Oxygen Demand 
Potassium as K  

13.3 TGME Groundwater Monitoring Network 

A detailed geophysical survey was conducted as part of the dolomite stability 
assessment for the proposed project. Thirty-one percussion boreholes were drilled in 
accordance with SANS 1936-2. Seven of these boreholes were constructed to act as 
groundwater monitoring boreholes for the proposed infrastructure expansion. The 
remaining boreholes were backfilled according to SANS guidelines. 
A groundwater monitoring network is therefore in place, which includes the newly drilled 
boreholes. The groundwater monitoring points shown in Figure 7.12 to Figure 7.14 is 
adequate and no further expansion of the network is recommended.  
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14. CONCLUSIONS 

The purpose of the study was to: 

• Assess the potential geohydrological impacts related to the proposed mining in 
the region. These included the risk of aquifer depletion and groundwater quality 
deterioration.  

• Recommend possible precautionary measures and suitable monitoring. 
There are essentially three potential primary risks associated with the proposed mining. 
These are: 

1. Lowering of the regional groundwater level due to inflow of groundwater into the 
mine workings. 

2. Impact on the regional groundwater quality because of seepage of contaminants 
from the mining operations. 

3. Impact on the regional groundwater quality because of seepage of contaminants 
from the TSF. 

The following mitigation measures are recommended for the above impacts: 
1. Groundwater intersected in the mine workings is detrimental towards the 

operations and will therefore be sealed as far as possible. The aim is to minimise 
the groundwater inflow into the mine. 

2. The aim is to keep the mine as dry as possible through grouting and sealing of 
fissures. Any ingress water into the mine should be abstracted as quickly as 
possible to minimise the contact with potential contaminants. Mine service water 
will be circulated in a closed loop. Implementation of passive water treatment for 
post-closure may be considered if necessary. 

3. The aim is to minimise the seepage into the tailings material, to collect and return 
as much as possible of the water on the TSF. The TSF extension and return 
water dams will have barrier systems as per the Civil engineering designs by Eco 
Elementum. Groundwater quality monitoring will be conducted as an early 
warning to potential impacts and to verify the findings of the numerical model. 
Post-closure rehabilitation and passive treatment (if required). 

Rock samples from Beta and Frankfort mine were sent to a laboratory for processing 
through a miniature plant to produce material that would be representative of the waste 
material that would be produced via the DMS plant as well as tailings material that would 
be produced by the plant. This process was completed, and the resulting water and 
waste were analysed and classified. Samples were also collected and analysed from the 
existing tailings material, as well as the old CDM and Frankfort waste rock dumps. 
Geochemical Dynamic Systems (GeoDyn, 2021) conducted a Waste Classification and 
Risk Assessment of the mineral waste material from TGME. The key objectives of the 
geochemical assessment were to conduct a waste classification of the mineral waste 
material in accordance with NEMWA R635, and to conduct a risk assessment of the 
mineral waste to inform the final classification.  
The following conclusions follow from the geochemical assessment: 

• The new tailings material does not have any parameters which exceed the LCT0 
regulatory values. Overall, this waste classifies as Type 3. However, as the 
kinetic geochemical model has indicated that the exceedance of any of the 
parameters above the LCT0 values is unlikely, the waste should be classified as 
Type 4, i.e. inert. 
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• The Old (historic) tailings material as well as the DMS Float waste material 
classifies as Type 2. However, the kinetic geochemical model indicates that 
although arsenic and sulphate concentrations in this waste material is likely to 
exceed the LCT0 values, it is not likely to exceed the LCT1 regulatory values for 
these parameters. Therefore, the Old tailings as well as the DMS waste material 
should be classified as Type 3, i.e. low risk. 

• The CDM and Frankfort mineral waste material classifies as Type 3, but it can be 
managed as Type 4 i.e., inert, material. 

• The current groundwater and surface water hydrochemistry indicates that AMD 
drainage conditions have not developed in response to the historic tailings 
facilities. The geochemical modelling indicates that this scenario is likely to 
perpetuate into the future. 

Although the geochemical assessment recommends a relaxation of the waste 
type, the barrier designs are still based on a Type 3 waste. 
The following conclusions were reached based on the groundwater sampling. 

• Although some parameters exceed the very stringent WUL limits, the 
groundwater quality is good. The exception is borehole FS02, which indicates 
impacted water. 

• The groundwater in the vicinity of the historically flooded adit (FS02) shows 
impact of previous mining activities with elevated sulphate, calcium and 
magnesium and hence the high TDS values. This is common where mine water 
is in contact with dolomitic water which attempts to neutralize the pH, but 
dissolves calcium and magnesium in the process. There are also metal 
exceedances such as aluminium, arsenic, iron, manganese, and nickel 
exceeding the SANS 241 drinking water guidelines.  

• Newly drilled boreholes at the TSF show some impact. Exceedances of the 
drinking water guidelines include nitrate (TSF04), ammonium (TSF01, TSF02 
and TSF04), calcium and magnesium (TSF04) and manganese (TSF01 and 
TSF02). All three boreholes exceed the WUL limits for sulphate and sodium. 
Other than these minor exceedances, the metals are below guideline limits or 
below the detection limit.  

• The older boreholes close to the TSF (BGW06 and BGW07) show similar 
exceedances to the aforementioned. These exceedances include elevated 
Sulphate (BGW07), Ammonium (BGW06), Calcium, Sodium, Aluminium 
(BGW07) and Manganese (BGW07).  

• The borehole BGW04, which is down-gradient from the TSF and closest to the 
Blyde River, shows no impact, and a marginal exceedance of aluminium is 
recorded. None of the other parameters exceed the guideline limits. This 
suggests that the plume migration from the TSF has not reached this point.  

• Borehole BGW02, which is down-gradient from the plant exceed the SANS 241 
guidelines for arsenic, iron, manganese, and mercury.  

• Boreholes BC02 and BN03 are near the proposed Beta area. Borehole BC02 is 
down gradient of the plant and TSF area, but opposite side of the Blyde river. 
Exceedances include calcium, magnesium, aluminium, arsenic, iron, and 
manganese. When screened against the WUL limits, the exceedances include 
TDS and sulphate.  

• Borehole BN03 exceed WUL limits for calcium, aluminium, and manganese.  
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Generally, the groundwater quality is good and there are no parameters of concern in 
the groundwater which exceed the SANS 241 drinking water guidelines significantly. 
The presence of aluminium, iron, mercury, arsenic and manganese in the groundwater 
can be attributed to the geological composition of the host rock. Borehole BC02 for 
example is not within the flow path of any potential mine contaminant source, yet it also 
has elevated concentrations of these parameters. 
It is nevertheless important to monitor these parameters over time. 
According to the geochemical modelling the TDS concentrations at source are 
2 299 mg/L for the existing tailings and 105 mg/L for the new tailings. The high modelled 
TDS concentration is significantly higher than the leach test TDS concentrations of 396 
mg/L and 436 mg/L for the two tailings samples.  
Using a source TDS concentration of 2 299 mg/L in the numerical model is not supported 
by the concentrations in the monitoring boreholes. The TDS concentrations in the 
groundwater monitoring boreholes closest to the TSF are 496 mg/L (BGW6) and 476 
mg/L (TSF04). The input source concentration was therefore changed during the mass 
transport model calibration until the concentrations in the boreholes are mimicked by the 
model. 
The calibrated TDS concentrations that were finally used to define the source term 
concentrations (tailings) as input into the mass transport model are as follows: 

• Operational TDS concentration: 860 mg/L. 

• Post-closure TDS concentration: 540 mg/L.  
The calibrated source concentrations are an indication that the geochemical model is 
conservative and probably an overestimate of the actual impact concentrations. 
It is important to note that these concentrations are significantly lower than the SANS 
241 (2015) drinking water guidelines of 1 200 mg/L. 
The numerical groundwater modelling concluded the following: 

• Groundwater flow currently appears most prominent along the dyke that was 
identified during the geophysical study and subsequent drilling. Typically, a river 
would act as a groundwater flow barrier, but it was established in this instance 
that the Blyde River is a losing river. The groundwater levels next to the river is 
approximately 2m deeper than the base of the river. As a result, the “contaminant” 
plume continues to migrate beyond the river, along the dyke. The term 
“contaminant plume” is loosely used to illustrate leachate seepage from the TSF. 
The potential contaminant concentrations in the source are very low based on 
the waste assessment and geochemical assessment. Therefore, there is 
currently no impact on the Blyde River. Previous assessments of the water quality 
in the Blyde River confirms this finding. 

• The plume migration after 100 years shows even less potential impact on the 
Blyde River. The reason for this is primarily due to a lower source term 
concentration that will come into effect when the new tailings are deposited. The 
new tailings contain significantly lower contaminant concentrations resulting in an 
improved leachate quality. 

• Although the perceived impact from the TSF is low, the most effective solution to 
contain any contamination that may be detected, is through scavenger boreholes. 
Model simulations indicated that this is a very effective remedial option, if 
required. 
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• The simulated impacts from the TSF show negligible impacts. These simulations 
were done without any liner system. The mine, however, proposes to install a 
Class C liner on top of the existing tailings, prior to commencing with further 
disposal. The benefit of such a liner is that it will minimise any further seepage 
from the TSF, and it is expected that the current contaminant concentrations in 
the groundwater will dissipate naturally over time. 

The historical mining intersected some water during its operations. The adits where water 
flows from the mine workings includes the following: 

• Beta Adit:   Estimated flow 1 350 m3/day. 

• Morgenzon Adit:  Estimated flow 80 m3/day. 

• Dukes Adit:   Unable to assess due to illegal mining activity. 

• Frankfort Mine:  No information. 
The current inflow volumes have not been measured accurately, but the estimated flow 
from the Beta mine is considered the most accurate. The calculations in this report are 
largely based on the current inflow, represented by the outflow from Beta adit, into the 
Beta mine. 

The estimated future groundwater inflow volumes into the different mines are as follows: 

• Beta:      Estimated flow 2 307 m3/day. 

• Clewer – Dukes – Morgenzon:  Estimated flow 1 378 m3/day. 

• Frankfort:     Estimated flow 551 m3/day. 
The continuous inflow of groundwater into the mine may lead to an impact on the 
groundwater levels overlying the mine workings. The simulated groundwater level 
impacts (drawdown >0.1m), to account for the current inflow, however, indicated that the 
impacts are localised and not expected to be noticeable. 
The calculated groundwater inflows are in all instances higher than the volumes allowed 
for by Eco Elementum (2021). At the time when Eco Elementum did the water balances 
the expected groundwater volumes were not available. 

Based on the geohydrological assessment the water balances change as follows: 

• Expected maximum groundwater inflow volumes into the underground operations 
is 4 236 m3/day (1 546 140 m3/ annum). This volume will not be instantly but will 
increase over time to this maximum estimated volume. This gradual increase can 
be more accurately calculated once the mine scheduling becomes available.  

• The Eco Elementum report indicated that there will be a daily make-up water 
shortfall of approximately 795.95 m3/day (290,521.6 m3/annum), that should be 
supplemented from external sources. 

• The water balance further includes a volume of 580 m3/day (211 846 m3/annum) 
to be abstracted from the Blyde River and 28 m3/day (10 366 m3/annum) to be 
extracted from the Molototse River. 

• The excess groundwater can make-up for any shortfall and in time replace 
abstraction from the Blyde and Molototse Rivers.  

• It is estimated that a maximum volume of 3 627 m3/day (1 323 928 m3/annum) of 
excess groundwater (after replacing abstraction from the rivers) may have to be 
treated before discharging back into the Blyde River. 
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15. RECOMMENDATIONS 

The biggest concern regarding the groundwater is the potential seepage of contaminants 
from the mining site, specifically the TSF, to the groundwater.  
Due to the low risk posed by the waste material and the mining in general there are 
currently no additional management requirements, other than groundwater monitoring. 
The planned post-closure rehabilitation of the TSF will further protect the underlying 
groundwater resource.  
A detailed geophysical survey was conducted as part of the dolomite stability 
assessment for the proposed project. Thirty-one percussion boreholes were drilled in 
accordance with SANS 1936-2. Seven of these boreholes were constructed to act as 
groundwater monitoring boreholes for the proposed infrastructure expansion. The 
remaining boreholes were backfilled according to SANS guidelines. 
A groundwater monitoring network is therefore in place, which includes the newly drilled 
boreholes. The current groundwater monitoring points are adequate, and no further 
expansion of the network is recommended at this stage.  
In the operational phase and closure phase, quarterly monitoring of groundwater quality 
and groundwater levels is recommended. It is important to note that a groundwater-
monitoring network should also be dynamic. This means that the network should be 
extended over time to accommodate the migration of potential contaminants through the 
aquifer as well as the expansion of infrastructure and/or addition of possible pollution 
sources.  
New mining ventures seldom have detailed, closely spaced, site-specific information and 
several assumptions must be made during these assessments. The TGME Project, 
however, is different and the closely spaced exploration drilling provided valuable 
information on the geology that allowed for a thorough geohydrological conceptual model 
to be developed. The historical mining in the region and recent studies in the existing 
mining areas provided valuable information that was incorporated into the assessment. 
This increases the confidence in the conclusions that were reached.  
As mining and groundwater monitoring continues the conceptual and numerical 
modelling can be verified and adjusted if necessary.  
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DETAILS OF SPECIALIST AND DECLARATION OF INTEREST 

Application for authorisation in terms of the National Environmental Management Act, 1998 (Act 
No. 107 of 1998), as amended and the Environmental Impact Assessment Regulations, 2014 

PROJECT TITLE 

TRANSVAAL GOLD MINING ESTATES LIMITED 
GEOHYDROLOGICAL SCOPING ASSESSMENT FOR THE PROPOSED RE-
OPERATIONALIZATION OF MINING ACTIVITIES, PILGRIMS REST 

 

Name of the 
Specialist: 

Marius van Biljon  

Qualifications: BSc. Honours (Geology) 
MSc. Geohydrology 

PhD. Geohydrology 

Experience: 32 years 

Company Name: MVB Consulting  

Physical Address: 2 Gelding Estate, Foal Street 

 Ruimsig, Roodepoort  

 Code 1724 

Postal address: Po Box 2166, Rant en Dal 

Postal code: 1751  Cell: 079 741 9595  

E-mail: marius@mvbconsult.co.za  

Professional 
affiliation(s) (if any) 

Registered Professional Scientist (Pr. Sci. Nat.) 
Registration number: 400177/13 

The Geohydrological Specialist 

I, Marius van Biljon, declare that – 

General declaration: 
• I act as the independent geohydrological 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; 

mailto:marius@mvbconsult.co.za
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• I have expertise in conducting geohydrological studies, 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; 

• I will ensure that information containing all relevant facts in respect of the application is 
distributed or made available to interested and affected parties and the public and that 
participation by interested and affected parties is facilitated in such a manner that all interested 
and affected parties will be provided with a reasonable opportunity to participate and to 
provide comments on documents that are produced to support the application; 

• I will ensure that the comments of all interested and affected parties are considered and 
recorded in reports that are submitted to the competent authority in respect of the application, 
provided that comments that are made by interested and affected parties in respect of a final 
report that will be submitted to the competent authority may be attached to the report without 
further amendment to the report; 

• I will keep a register of all interested and affected parties that participated in a public 
participation process; 

• I will provide the competent authority with access to all information at my disposal regarding 
the application, whether such information is favourable to the applicant or not; 

• All the particulars furnished by me in this form are true and correct;  

• I will perform all other obligations as expected from an environmental assessment practitioner 
in terms of the Regulations; 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. 

Disclosure of Vested Interest 
• I do not have and will not have any vested interest (either business, financial, personal or 

other) in the proposed activity proceeding other than remuneration for work performed in 
terms of the Environmental Impact Assessment Regulations, 2014. 

 

 
Signature of the Geohydrological Specialist: 
MVB Consulting 

Name of company:  
20/02/2022 

Date:  
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CURRICULUM VITAE 
 

Marius van Biljon 

 
 

 

  
 

Profession Geohydrologist 

Date of Birth 30 March 1964 

Position in firm Consultant 

Years with the firm 3 

Nationality South African 

Education / Qualifications Senior Certificate (1981) 

B.Sc. Earth Science at the University of Johannesburg (1984)   

B.Sc. Hons (Geology) at the University of Johannesburg (1985) 

 M.Sc. Hydrogeology at the University of the Free State (1995) 

PhD Hydrogeology at the Northwest University (2018) 

 

Employment History 

1987 – 1990 Mine geologist, Western Areas Gold Mine, JCI Group 

1990 – 1992 Senior exploration geologist, JCI Services 

1992 – 1995 Assistant chief geologist, HJ Joel Gold Mine, JCI Group 

1995 – 1999 Group geohydrologist, JCI Services 

1999 – 2008 Principal geohydrologist, Rison Groundwater Consulting 

2008 – 2009 Senior geohydrologist, Golder Associates, Perth Australia 

2009 – 2010 Senior geohydrologist, Golder Associates, South Africa 

2010 – 2012 Principal geohydrologist, MVB Consulting 

2012 – 2017 Jones & Wagener Engineering and Environmental Consultants 
(Associate) 

2017 - current Principal geohydrologist, MVB Consulting 

Areas of Expertise 

Experience in the mining, industrial, waste and environmental disciplines. Expertise includes mine water 
management, in particular deep underground mining environments. Duties included underground drilling, 
water sealing, pre-cementation, in-situ permeability testing and the development of dewatering 
programmes. Non-mining experience included waste site characterization, chemical and petrochemical 
contamination, water supply, environmental auditing and environmental impact assessment. 

Professional Affiliations 

SACNASP South African Council for Natural Scientific Professions (400177/13) 
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Declaration 

I confirm that the above CV is an accurate description of my experience and qualifications.  

 
 

 

 

 

_________________________________ 20 February 2022 

Signature Date 
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Location: Pilgrims rest Pumping Test: TSF01 Constant Rate Pumping Well: TSF01

Test Conducted by: MVB Consulting Test Date: 2022/01/11 Discharge Rate: 1.61 [l/s]

Observation Well: TSF01 Static Water Level [m]: 3.35 Radial Distance to PW [m]: -

Pumping Test - Water Level Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Water Level
[m]

Drawdown
[m]

1 0 3.35 0.00
2 0.5 3.42 0.07
3 1 3.45 0.10
4 1.5 3.47 0.12
5 2 3.48 0.13
6 2.5 3.49 0.14
7 3 3.495 0.145
8 4 3.50 0.15
9 5 3.51 0.16

10 6 3.515 0.165
11 7 3.52 0.17
12 8 3.525 0.175
13 9 3.53 0.18
14 10 3.535 0.185
15 12 3.54 0.19
16 15 3.55 0.20
17 20 3.56 0.21
18 25 3.57 0.22
19 30 3.58 0.23
20 40 3.60 0.25
21 50 3.62 0.27
22 60 3.64 0.29
23 70 3.67 0.32
24 80 3.69 0.34
25 90 3.73 0.38
26 100 3.75 0.40
27 120 3.80 0.45
28 140 3.85 0.50
29 160 3.89 0.54
30 180 3.95 0.60
31 200 4.01 0.66
32 220 4.07 0.72
33 240 4.15 0.80



Pumping Test Analysis Report

Project: TGME

Number: A048

Client: TGME

Location: Pilgrims rest Pumping Test: TSF01 Constant Rate Pumping Well: TSF01
Test Conducted by: MVB Consulting Test Date: 2022/01/11
Analysis Performed by: MVB Consulting Analysis Date: 2022/02/03Constant Rate Test
Aquifer Thickness: 26.00 m Discharge Rate: 1.61 [l/s]
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TSF01
Calculation using COOPER & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic Conductivity

[m/d]

Storage coefficient Radial Distance to PW

[m]

TSF01 1.44 × 102 5.53 × 100 5.00 × 10-1 0.13



Location: Pilgrims rest Pumping Test: TSF01 Recovery Test Pumping Well: TSF01

Test Conducted by: MVB Consulting Test Date: 2022/01/11 Discharge: variable, average rate 1.61 [l/s]

Observation Well: TSF01 Static Water Level [m]: 3.35 Radial Distance to PW [m]: -

Pumping Test - Water Level Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Water Level
[m]

Drawdown
[m]

1 0 3.35 0.00
2 0.5 3.42 0.07
3 1 3.45 0.10
4 1.5 3.47 0.12
5 2 3.48 0.13
6 2.5 3.49 0.14
7 3 3.495 0.145
8 4 3.50 0.15
9 5 3.51 0.16

10 6 3.515 0.165
11 7 3.52 0.17
12 8 3.525 0.175
13 9 3.53 0.18
14 10 3.535 0.185
15 12 3.54 0.19
16 15 3.55 0.20
17 20 3.56 0.21
18 25 3.57 0.22
19 30 3.58 0.23
20 40 3.60 0.25
21 50 3.62 0.27
22 60 3.64 0.29
23 70 3.67 0.32
24 80 3.69 0.34
25 90 3.73 0.38
26 100 3.75 0.40
27 120 3.80 0.45
28 140 3.85 0.50
29 160 3.89 0.54
30 180 3.95 0.60
31 200 4.01 0.66
32 220 4.07 0.72
33 240 4.15 0.80
34 240.5 3.95 0.60
35 241 3.60 0.25
36 241.5 3.40 0.05
37 242 3.35 0.00



Location: Pilgrims rest Pumping Test: TSF01 Recovery Test Pumping Well: TSF01

Test Conducted by: MVB Consulting Test Date: 2022/01/11 Discharge: variable, average rate 1.61 [l/s]

Observation Well: TSF01 Radial Distance to PW [m]: -

Pumping Test - Discharge Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Discharge
[l/s]

1 240 1.61
2 242 0.00



Pumping Test Analysis Report

Project: TGME

Number: A048

Client: TGME

Location: Pilgrims rest Pumping Test: TSF01 Recovery Test Pumping Well: TSF01
Test Conducted by: MVB Consulting Test Date: 2022/01/11
Analysis Performed by: MVB Consulting Analysis Date: 2022/02/03Recovery Test
Aquifer Thickness: 26.00 m Discharge: variable, average rate 1.61 [l/s]
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TSF01
Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic Conductivity

[m/d]

Radial Distance to PW

[m]

TSF01 1.17 × 102 4.50 × 100 0.13



Location: Pilgrims rest Pumping Test: TSF04 Constant Rate TestPumping Well: TSF04

Test Conducted by: MVB Consulting Test Date: 2022/01/11 Discharge Rate: 1.9 [l/s]

Observation Well: TSF04 Static Water Level [m]: 34.01 Radial Distance to PW [m]: -

Pumping Test - Water Level Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Water Level
[m]

Drawdown
[m]

1 0 34.02 0.01
2 0.5 34.04 0.03
3 1 34.06 0.05
4 1.5 34.08 0.07
5 2 34.11 0.10
6 2.5 34.14 0.13
7 3 34.18 0.17
8 4 34.26 0.25
9 5 34.30 0.29

10 6 34.39 0.38
11 7 34.45 0.44
12 8 34.51 0.50
13 9 34.56 0.55
14 10 34.62 0.61
15 12 34.76 0.75
16 15 34.88 0.87
17 20 34.98 0.97
18 25 35.07 1.06
19 30 35.16 1.15
20 40 35.25 1.24
21 50 35.33 1.32
22 60 35.41 1.40
23 70 35.50 1.49
24 80 35.63 1.62
25 90 35.72 1.71
26 100 35.81 1.80
27 120 35.91 1.90
28 140 36.03 2.02
29 160 36.12 2.11
30 180 36.20 2.19
31 200 36.31 2.30
32 220 36.44 2.43
33 240 36.54 2.53



Pumping Test Analysis Report

Project: TGME

Number: A048

Client: TGME

Location: Pilgrims rest Pumping Test: TSF04 Constant Rate TestPumping Well: TSF04
Test Conducted by: MVB Consulting Test Date: 2022/01/11
Analysis Performed by: MVB Consulting Analysis Date: 2022/02/03Constant Rate Test
Aquifer Thickness: 5.00 m Discharge Rate: 1.9 [l/s]
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TSF04
Calculation using COOPER & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic Conductivity

[m/d]

Storage coefficient Radial Distance to PW

[m]

TSF04 2.32 × 101 4.65 × 100 5.00 × 10-1 0.13



Location: Pilgrims rest Pumping Test: TSF04 Constant Rate TestPumping Well: TSF04

Test Conducted by: MVB Consulting Test Date: 2022/01/11 Discharge: variable, average rate 1.9 [l/s]

Observation Well: TSF04 Static Water Level [m]: 34.01 Radial Distance to PW [m]: -

Pumping Test - Water Level Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Water Level
[m]

Drawdown
[m]

1 0 34.02 0.01
2 0.5 34.04 0.03
3 1 34.06 0.05
4 1.5 34.08 0.07
5 2 34.11 0.10
6 2.5 34.14 0.13
7 3 34.18 0.17
8 4 34.26 0.25
9 5 34.30 0.29

10 6 34.39 0.38
11 7 34.45 0.44
12 8 34.51 0.50
13 9 34.56 0.55
14 10 34.62 0.61
15 12 34.76 0.75
16 15 34.88 0.87
17 20 34.98 0.97
18 25 35.07 1.06
19 30 35.16 1.15
20 40 35.25 1.24
21 50 35.33 1.32
22 60 35.41 1.40
23 70 35.50 1.49
24 80 35.63 1.62
25 90 35.72 1.71
26 100 35.81 1.80
27 120 35.91 1.90
28 140 36.03 2.02
29 160 36.12 2.11
30 180 36.20 2.19
31 200 36.31 2.30
32 220 36.44 2.43
33 240 36.54 2.53
34 240.5 36.38 2.37
35 241 36.24 2.23
36 241.5 36.10 2.09
37 242 35.98 1.97
38 242.5 35.79 1.78
39 243 35.60 1.59
40 243.5 35.44 1.43
41 244 35.20 1.19
42 244.5 35.09 1.08
43 245 34.94 0.93
44 246 34.71 0.70
45 247 34.53 0.52
46 248 34.39 0.38
47 249 34.24 0.23
48 250 34.10 0.09
49 251 34.01 0.00



Location: Pilgrims rest Pumping Test: TSF04 Constant Rate TestPumping Well: TSF04

Test Conducted by: MVB Consulting Test Date: 2022/01/11 Discharge: variable, average rate 1.9 [l/s]

Observation Well: TSF04 Radial Distance to PW [m]: -

Pumping Test - Discharge Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Discharge
[l/s]

1 240 1.90
2 248 0.00



Pumping Test Analysis Report

Project: TGME

Number: A048

Client: TGME

Location: Pilgrims rest Pumping Test: TSF04 Constant Rate TestPumping Well: TSF04
Test Conducted by: MVB Consulting Test Date: 2022/01/11
Analysis Performed by: MVB Consulting Analysis Date: 2022/02/03Recovery Test
Aquifer Thickness: 5.00 m Discharge: variable, average rate 1.9 [l/s]
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TSF04
Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic Conductivity

[m/d]

Radial Distance to PW

[m]

TSF04 1.08 × 101 2.16 × 100 0.13



Location: Pilgrims rest Pumping Test: BN03 Constant Rate Pumping Well: BN03

Test Conducted by: MVB Consulting Test Date: 2022/01/12 Discharge Rate: 1.67 [l/s]

Observation Well: BN03 Static Water Level [m]: 2.93 Radial Distance to PW [m]: -

Pumping Test - Water Level Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Water Level
[m]

Drawdown
[m]

1 0.5 2.95 0.02
2 1 2.96 0.03
3 1.5 2.98 0.05
4 2 2.99 0.06
5 2.5 3.00 0.07
6 3 3.10 0.17
7 3.5 3.15 0.22
8 4 3.18 0.25
9 4.5 3.20 0.27

10 5 3.30 0.37
11 6 3.40 0.47
12 7 3.50 0.57
13 8 3.55 0.62
14 9 3.60 0.67
15 10 3.70 0.77
16 15 3.90 0.97
17 20 4.10 1.17
18 25 4.30 1.37
19 30 4.40 1.47
20 40 4.46 1.53
21 50 4.49 1.56
22 60 4.53 1.60
23 70 4.58 1.65
24 80 4.61 1.68
25 90 4.66 1.73
26 100 4.70 1.77
27 120 4.99 2.06
28 140 5.09 2.16
29 160 5.17 2.24
30 180 5.22 2.29
31 200 5.32 2.39
32 220 5.38 2.45
33 240 5.46 2.53



Pumping Test Analysis Report

Project: TGME

Number: A048

Client: TGME

Location: Pilgrims rest Pumping Test: BN03 Constant Rate Pumping Well: BN03
Test Conducted by: MVB Consulting Test Date: 2022/01/12
Analysis Performed by: MVB Consulting Analysis Date: 2022/02/03Constant Rate
Aquifer Thickness: 40.00 m Discharge Rate: 1.67 [l/s]
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Calculation using COOPER & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic Conductivity

[m/d]

Storage coefficient Radial Distance to PW

[m]

BN03 2.24 × 101 5.61 × 10-1 5.00 × 10-1 0.13



Location: Pilgrims rest Pumping Test: BN03 Recovery Test Pumping Well: BN03

Test Conducted by: MVB Consulting Test Date: 2022/01/12 Discharge: variable, average rate 1.67 [l/s]

Observation Well: BN03 Static Water Level [m]: 2.93 Radial Distance to PW [m]: -

Pumping Test - Water Level Data  Page 1 of 2

Project: TGME

Number: A048

Client: TGME

Time
[min]

Water Level
[m]

Drawdown
[m]

1 0.5 2.95 0.02
2 1 2.96 0.03
3 1.5 2.98 0.05
4 2 2.99 0.06
5 2.5 3.00 0.07
6 3 3.10 0.17
7 3.5 3.15 0.22
8 4 3.18 0.25
9 4.5 3.20 0.27

10 5 3.30 0.37
11 6 3.40 0.47
12 7 3.50 0.57
13 8 3.55 0.62
14 9 3.60 0.67
15 10 3.70 0.77
16 15 3.90 0.97
17 20 4.10 1.17
18 25 4.30 1.37
19 30 4.40 1.47
20 40 4.46 1.53
21 50 4.49 1.56
22 60 4.53 1.60
23 70 4.58 1.65
24 80 4.61 1.68
25 90 4.66 1.73
26 100 4.70 1.77
27 120 4.99 2.06
28 140 5.09 2.16
29 160 5.17 2.24
30 180 5.22 2.29
31 200 5.32 2.39
32 220 5.38 2.45
33 240 5.46 2.53
34 240.5 5.38 2.45
35 241 5.26 2.33
36 241.5 5.14 2.21
37 242 5.02 2.09
38 242.5 4.88 1.95
39 243 4.73 1.80
40 243.5 4.60 1.67
41 244 4.41 1.48
42 244.5 4.29 1.36
43 245 4.18 1.25
44 246 4.05 1.12
45 247 3.91 0.98
46 248 3.78 0.85
47 249 3.64 0.71
48 250 3.53 0.60
49 255 3.38 0.45
50 260 3.25 0.32
51 270 3.15 0.22
52 280 3.00 0.07



Pumping Test - Water Level Data  Page 2 of 2

Project: TGME

Number: A048

Client: TGME
Time
[min]

Water Level
[m]

Drawdown
[m]

53 285 2.93 0.00



Location: Pilgrims rest Pumping Test: BN03 Recovery Test Pumping Well: BN03

Test Conducted by: MVB Consulting Test Date: 2022/01/12 Discharge: variable, average rate 1.67 [l/s]

Observation Well: BN03 Radial Distance to PW [m]: -

Pumping Test - Discharge Data  Page 1 of 1

Project: TGME

Number: A048

Client: TGME

Time
[min]

Discharge
[l/s]

1 240 1.67
2 285 0.00



Pumping Test Analysis Report

Project: TGME

Number: A048

Client: TGME

Location: Pilgrims rest Pumping Test: BN03 Recovery Test Pumping Well: BN03
Test Conducted by: MVB Consulting Test Date: 2022/01/12
Analysis Performed by: MVB Consulting Analysis Date: 2022/02/03Recovery Test
Aquifer Thickness: 40.00 m Discharge: variable, average rate 1.67 [l/s]
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BN03
Calculation using THEIS & JACOB

Observation Well Transmissivity

[m²/d]

Hydraulic Conductivity

[m/d]

Radial Distance to PW

[m]

BN03 2.46 × 101 6.14 × 10-1 0.13



 

TGME Geohydrology Report  

 A082_REP_r2_Final_TGME_Geohydro_Mar2022 

TRANSVAAL GOLD MINING ESTATES LIMITED 
 
GEOHYDROLOGICAL ASSESSMENT FOR THE PROPOSED RE-OPERATIONALIZATION 
OF MINING ACTIVITIES, PILGRIMS REST  
 
FINAL REPORT REPORT NO: MVB089/22/A082 
 
 
 
 
 

APPENDIX C 
 
 

LABORATORY CERTIFICATES 
 
  



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T039123B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail: 

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-01-13 2022-02-03

MVB Consulting

106501

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification

BC02 BGW2 BGW4 BGW6

150078 150079 150080 150081

N/A N/A N/A N/A

pH - Value @ 25 ºC A WLAB065 6.6 7.1 7.5 7.0

Electrical Conductivity in mS/m @ 25°C A WLAB002 51.6 23.8 23.5 126

Total Dissolved Solids @ 180°C A WLAB003 462 222 220 496

Total Alkalinity as CaCO₃ A WLAB007 120 88 64 640

Chloride as Cl A WLAB046 7 3 3 29

Sulphate as SO₄ A WLAB046 140 28 42 3

Fluoride as F N WLAB014 0.2 <0.2 <0.2 0.3

Nitrate as N A WLAB046 1.9 2.0 0.8 0.9

Ortho Phosphate as P A WLAB046 <0.1 <0.1 <0.1 <0.1

Total Cyanide as CN S --- <0.07 <0.07 <0.07 <0.07

Free and Saline Ammonia as N A WLAB046 <0.1 0.1 0.1 73

Sodium as Na A WLAB015 8 3 3 12

Potassium as K A WLAB015 0.6 <0.5 0.6 13.7

Calcium as Ca A WLAB015 43 22 22 64

Magnesium as Mg A WLAB015 35 17 15 39

Aluminium as Al A WLAB015 13 0.191 0.349 0.249

Antimony as Sb A WLAB050 0.001 0.001 <0.001 <0.001

Arsenic as As A WLAB050 0.017 0.031 <0.001 0.001

Barium as Ba N WLAB050 1.40 0.006 0.014 0.309

Beryllium as Be N WLAB050 0.002 <0.001 <0.001 <0.001

Bismuth as Bi N WLAB050 0.002 <0.001 <0.001 <0.001

Boron as B N WLAB050 <0.001 <0.001 <0.001 <0.001

Cadmium as Cd A WLAB050 <0.001 <0.001 <0.001 <0.001

Caesium as Cs N WLAB050 0.004 <0.001 <0.001 <0.001

Cerium as Ce N WLAB050 0.026 0.002 <0.001 0.002

Chromium as Cr N WLAB050 0.002 0.001 <0.001 <0.001

Cobalt as Co N WLAB050 0.012 0.003 0.001 0.002

Copper as Cu N WLAB050 0.151 0.017 <0.001 <0.001

Page 1 of 9

A = Accredited  N =  Not Accredited S = Subcontracted 

Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 

not the responsibility of WATERLAB (Pty) Ltd. Except for the full report, part of this report may not be reproduced without written approval of WATERLAB (Pty) 

Ltd. Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.

A. van de Wetering - Chemical Technical Signatory



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T039123B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail: 

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-01-13 2022-02-03

MVB Consulting

106501

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification

BC02 BGW2 BGW4 BGW6

150078 150079 150080 150081

N/A N/A N/A N/A

Dysprosium as Dy N WLAB050 0.024 <0.001 <0.001 <0.001

Erbium as Er N WLAB050 0.010 <0.001 <0.001 <0.001

Europium as Eu N WLAB050 0.012 <0.001 <0.001 <0.001

Gadolinium as Gd N WLAB050 0.042 <0.001 <0.001 <0.001

Galium as Ga N WLAB050 0.361 0.002 0.003 0.081

Germanium as Ge N WLAB050 0.006 <0.001 <0.001 <0.001

Gold as Au N WLAB050 0.001 <0.001 <0.001 0.001

Hafnium as Hf N WLAB050 <0.001 <0.001 <0.001 <0.001

Holmium as Ho N WLAB050 0.004 <0.001 <0.001 <0.001

Indium as In N WLB050 <0.001 <0.001 <0.001 <0.001

Iridium as Ir N WLAB050 <0.001 <0.001 <0.001 <0.001

Iron as Fe A WLAB015 7.24 2.14 0.258 13

Lanthanum as La N WLAB050 0.232 0.001 0.001 0.001

Lead as Pb A WLAB050 0.005 0.010 <0.001 0.004

Lithium as Li N WLAB050 0.037 0.001 0.001 0.010

Lutetium as Lu N WLAB050 0.001 <0.001 <0.001 <0.001

Manganese as Mn A WLAB015 1.01 0.343 0.116 1.32

Mercury as Hg A WLAB047 0.001 0.006 0.003 0.002

Molybdenum as Mo N WLAB050 <0.001 <0.001 <0.001 <0.001

Neodymium as Nd N WLAB050 0.238 0.002 0.001 0.001

Nickel as Ni N WLAB050 0.024 0.002 <0.001 0.002

Niobium as Nb N WLAB050 <0.001 <0.001 <0.001 <0.001

Osmium as Os N WLAB050 <0.001 <0.001 <0.001 <0.001

Palladium as Pd N WLAB050 <0.001 <0.001 <0.001 <0.001

Phosphorus as P N WLAB050 <0.001 <0.001 <0.001 <0.001

Platinum as Pt N WLAB050 <0.001 <0.001 <0.001 <0.001

Praseodymium as Pr N WLAB050 0.056 <0.001 <0.001 <0.001

Rhodium as Rh N WLAB050 <0.001 <0.001 <0.001 <0.001

Rubidium as Rb N WLAB050 0.018 <0.001 0.001 0.026
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A = Accredited  N =  Not Accredited S = Subcontracted 

Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 

not the responsibility of WATERLAB (Pty) Ltd. Except for the full report, part of this report may not be reproduced without written approval of WATERLAB (Pty) 

Ltd. Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.

A. van de Wetering - Chemical Technical Signatory



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T039123B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail: 

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-01-13 2022-02-03

MVB Consulting

106501

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification

BC02 BGW2 BGW4 BGW6

150078 150079 150080 150081

N/A N/A N/A N/A

Ruthenium as Ru N WLAB050 <0.001 <0.001 <0.001 <0.001

Samarium as Sm N WLAB050 0.043 <0.001 <0.001 <0.001

Scandium as Sc N WLAB050 0.018 <0.001 <0.001 <0.001

Selenium as Se A WLAB050 0.028 0.003 <0.001 <0.001

Silicon as Si N WLAB015 18.8 7.0 4.7 16.6

Silver as Ag N WLAB050 0.006 0.001 <0.001 <0.001

Strontium as Sr N WLAB050 0.144 0.015 0.018 0.109

Tantalum as Ta N WLAB050 <0.001 <0.001 <0.001 <0.001

Tellurium as Te N WLAB050 <0.001 <0.001 <0.001 <0.001

Terbium as Tb N WLAB050 0.005 <0.001 <0.001 <0.001

Thallium as Tl N WLAB050 <0.001 <0.001 <0.001 <0.001

Thorium as Th N WLAB050 <0.001 <0.001 <0.001 <0.001

Thulium as Tm N WLAB050 0.001 <0.001 <0.001 <0.001

Tin as Sn N WLAB050 0.002 <0.001 <0.001 <0.001

Titanium as Ti N WLAB050 0.028 0.006 0.006 0.028

Tungsten as W N WLAB050 <0.001 <0.001 <0.001 <0.001

Uranium as U A WLAB050 0.002 <0.001 <0.001 0.001

Vanadium as V N WLAB050 0.015 0.002 <0.001 0.001

Ytterbium as Yb N WLAB050 0.006 <0.001 <0.001 <0.001

Yttrium as Y N WLAB050 0.134 0.001 <0.001 <0.001

Zinc as Zn N WLAB050 0.758 <0.001 <0.001 <0.001

Zirconium as Zr N WLAB050 <0.001 <0.001 <0.001 <0.001

% Balancing N --- 97.7 98.7 95.9 95.1
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A = Accredited  N =  Not Accredited S = Subcontracted 

Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 

not the responsibility of WATERLAB (Pty) Ltd. Except for the full report, part of this report may not be reproduced without written approval of WATERLAB (Pty) 

Ltd. Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.

A. van de Wetering - Chemical Technical Signatory



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T039123B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail: 

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-01-13 2022-02-03

MVB Consulting

106501

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification

BGW7 BN03 TSF01 TSF02

150082 150083 150084 150085

N/A N/A N/A N/A

pH - Value @ 25 ºC A WLAB065 7.6 7.4 6.9 7.0

Electrical Conductivity in mS/m @ 25°C A WLAB002 57.3 31.8 35.5 34.1

Total Dissolved Solids @ 180°C A WLAB003 504 306 356 338

Total Alkalinity as CaCO₃ A WLAB007 180 104 72 76

Chloride as Cl A WLAB046 18 3 4 4

Sulphate as SO₄ A WLAB046 100 59 99 90

Fluoride as F N WLAB014 0.2 <0.2 0.2 0.2

Nitrate as N A WLAB046 2.2 0.3 0.3 0.2

Ortho Phosphate as P A WLAB046 <0.1 0.1 <0.1 <0.1

Total Cyanide as CN S --- <0.07 <0.07 <0.07 <0.07

Free and Saline Ammonia as N A WLAB046 0.1 <0.1 1.7 1.9

Sodium as Na A WLAB015 12 2 11 11

Potassium as K A WLAB015 0.7 <0.5 0.5 <0.5

Calcium as Ca A WLAB015 62 35 29 31

Magnesium as Mg A WLAB015 32 20 17 14

Aluminium as Al A WLAB015 0.342 0.332 0.467 0.373

Antimony as Sb A WLAB050 <0.001 <0.001 <0.001 <0.001

Arsenic as As A WLAB050 <0.001 <0.001 0.003 <0.001

Barium as Ba N WLAB050 0.068 0.045 0.042 0.036

Beryllium as Be N WLAB050 <0.001 <0.001 <0.001 <0.001

Bismuth as Bi N WLAB050 <0.001 <0.001 <0.001 <0.001

Boron as B N WLAB050 <0.001 <0.001 <0.001 <0.001

Cadmium as Cd A WLAB050 <0.001 <0.001 <0.001 <0.001

Caesium as Cs N WLAB050 <0.001 <0.001 <0.001 <0.001

Cerium as Ce N WLAB050 0.002 0.002 0.002 0.003

Chromium as Cr N WLAB050 0.001 0.001 <0.001 <0.001

Cobalt as Co N WLAB050 0.011 0.002 0.006 0.003

Copper as Cu N WLAB050 <0.001 0.010 0.013 0.008
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A = Accredited  N =  Not Accredited S = Subcontracted 

Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 

not the responsibility of WATERLAB (Pty) Ltd. Except for the full report, part of this report may not be reproduced without written approval of WATERLAB (Pty) 

Ltd. Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.

A. van de Wetering - Chemical Technical Signatory



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T039123B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail: 

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-01-13 2022-02-03

MVB Consulting

106501

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification

BGW7 BN03 TSF01 TSF02

150082 150083 150084 150085

N/A N/A N/A N/A

Dysprosium as Dy N WLAB050 <0.001 0.001 <0.001 <0.001

Erbium as Er N WLAB050 <0.001 <0.001 <0.001 <0.001

Europium as Eu N WLAB050 <0.001 <0.001 <0.001 <0.001

Gadolinium as Gd N WLAB050 <0.001 0.001 <0.001 <0.001

Galium as Ga N WLAB050 0.018 0.010 0.010 0.009

Germanium as Ge N WLAB050 <0.001 <0.001 <0.001 <0.001

Gold as Au N WLAB050 0.001 <0.001 <0.001 <0.001

Hafnium as Hf N WLAB050 <0.001 <0.001 <0.001 <0.001

Holmium as Ho N WLAB050 <0.001 <0.001 <0.001 <0.001

Indium as In N WLB050 <0.001 <0.001 <0.001 <0.001

Iridium as Ir N WLAB050 <0.001 <0.001 <0.001 <0.001

Iron as Fe A WLAB015 3.31 0.978 1.09 0.881

Lanthanum as La N WLAB050 0.002 0.002 0.002 0.001

Lead as Pb A WLAB050 0.009 <0.001 0.023 <0.001

Lithium as Li N WLAB050 0.002 0.001 0.005 0.002

Lutetium as Lu N WLAB050 <0.001 <0.001 <0.001 <0.001

Manganese as Mn A WLAB015 4.90 0.463 4.84 4.91

Mercury as Hg A WLAB047 0.001 <0.001 <0.001 <0.001

Molybdenum as Mo N WLAB050 <0.001 <0.001 <0.001 <0.001

Neodymium as Nd N WLAB050 0.002 0.004 0.003 0.001

Nickel as Ni N WLAB050 0.013 0.004 0.003 0.003

Niobium as Nb N WLAB050 <0.001 <0.001 <0.001 <0.001

Osmium as Os N WLAB050 <0.001 <0.001 <0.001 <0.001

Palladium as Pd N WLAB050 <0.001 <0.001 <0.001 <0.001

Phosphorus as P N WLAB050 <0.001 <0.001 <0.001 <0.001

Platinum as Pt N WLAB050 <0.001 <0.001 <0.001 <0.001

Praseodymium as Pr N WLAB050 <0.001 0.001 0.001 <0.001

Rhodium as Rh N WLAB050 <0.001 <0.001 <0.001 <0.001

Rubidium as Rb N WLAB050 0.002 0.001 0.003 0.002
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A = Accredited  N =  Not Accredited S = Subcontracted 

Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 

not the responsibility of WATERLAB (Pty) Ltd. Except for the full report, part of this report may not be reproduced without written approval of WATERLAB (Pty) 

Ltd. Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.

A. van de Wetering - Chemical Technical Signatory



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T039123B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail: 

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-01-13 2022-02-03

MVB Consulting

106501

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification

BGW7 BN03 TSF01 TSF02

150082 150083 150084 150085

N/A N/A N/A N/A

Ruthenium as Ru N WLAB050 <0.001 <0.001 <0.001 <0.001

Samarium as Sm N WLAB050 <0.001 0.001 <0.001 <0.001

Scandium as Sc N WLAB050 <0.001 <0.001 <0.001 <0.001

Selenium as Se A WLAB050 0.002 0.002 0.002 0.002

Silicon as Si N WLAB015 8.4 6.4 6.0 6.0

Silver as Ag N WLAB050 0.001 <0.001 <0.001 <0.001

Strontium as Sr N WLAB050 0.044 0.037 0.021 0.020

Tantalum as Ta N WLAB050 <0.001 <0.001 <0.001 <0.001

Tellurium as Te N WLAB050 <0.001 <0.001 <0.001 <0.001

Terbium as Tb N WLAB050 <0.001 <0.001 <0.001 <0.001

Thallium as Tl N WLAB050 <0.001 <0.001 <0.001 <0.001

Thorium as Th N WLAB050 <0.001 <0.001 <0.001 <0.001

Thulium as Tm N WLAB050 <0.001 <0.001 <0.001 <0.001

Tin as Sn N WLAB050 <0.001 0.001 <0.001 <0.001

Titanium as Ti N WLAB050 0.022 0.012 0.019 0.008

Tungsten as W N WLAB050 <0.001 <0.001 <0.001 <0.001

Uranium as U A WLAB050 <0.001 <0.001 <0.001 <0.001

Vanadium as V N WLAB050 0.004 0.003 0.002 0.003

Ytterbium as Yb N WLAB050 <0.001 <0.001 <0.001 <0.001

Yttrium as Y N WLAB050 0.001 0.003 0.001 0.001

Zinc as Zn N WLAB050 <0.001 <0.001 <0.001 <0.001

Zirconium as Zr N WLAB050 <0.001 <0.001 <0.001 <0.001

% Balancing N --- 99.4 99.2 97.5 96.9
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A = Accredited  N =  Not Accredited S = Subcontracted 

Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 

not the responsibility of WATERLAB (Pty) Ltd. Except for the full report, part of this report may not be reproduced without written approval of WATERLAB (Pty) 

Ltd. Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.

A. van de Wetering - Chemical Technical Signatory



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T039123B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail:

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-01-13 2022-02-03

MVB Consulting

106501

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification

TSF04

150086

N/A

pH - Value @ 25 ºC A WLAB065 7.1

Electrical Conductivity in mS/m @ 25°C A WLAB002 63.1

Total Dissolved Solids @ 180°C A WLAB003 476

Total Alkalinity as CaCO₃ A WLAB007 132

Chloride as Cl A WLAB046 21

Sulphate as SO₄ A WLAB046 129

Fluoride as F N WLAB014 0.2

Nitrate as N A WLAB046 14

Ortho Phosphate as P A WLAB046 <0.1

Total Cyanide as CN S --- <0.07

Free and Saline Ammonia as N A WLAB046 2.0

Sodium as Na A WLAB015 19

Potassium as K A WLAB015 0.5

Calcium as Ca A WLAB015 60

Magnesium as Mg A WLAB015 31

Aluminium as Al A WLAB015 0.129

Antimony as Sb A WLAB050 <0.001

Arsenic as As A WLAB050 <0.001

Barium as Ba N WLAB050 0.009

Beryllium as Be N WLAB050 <0.001

Bismuth as Bi N WLAB050 <0.001

Boron as B N WLAB050 <0.001

Cadmium as Cd A WLAB050 <0.001

Caesium as Cs N WLAB050 <0.001

Cerium as Ce N WLAB050 <0.001

Chromium as Cr N WLAB050 <0.001

Cobalt as Co N WLAB050 0.011

Copper as Cu N WLAB050 <0.001
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Sample Identification
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Dysprosium as Dy N WLAB050 <0.001

Erbium as Er N WLAB050 <0.001

Europium as Eu N WLAB050 <0.001

Gadolinium as Gd N WLAB050 <0.001

Galium as Ga N WLAB050 0.002

Germanium as Ge N WLAB050 <0.001

Gold as Au N WLAB050 0.001

Hafnium as Hf N WLAB050 <0.001

Holmium as Ho N WLAB050 <0.001

Indium as In N WLB050 <0.001

Iridium as Ir N WLAB050 <0.001

Iron as Fe A WLAB015 0.309

Lanthanum as La N WLAB050 <0.001

Lead as Pb A WLAB050 0.001

Lithium as Li N WLAB050 0.002

Lutetium as Lu N WLAB050 <0.001

Manganese as Mn A WLAB015 0.215

Mercury as Hg A WLAB047 <0.001

Molybdenum as Mo N WLAB050 <0.001

Neodymium as Nd N WLAB050 <0.001

Nickel as Ni N WLAB050 <0.001

Niobium as Nb N WLAB050 <0.001

Osmium as Os N WLAB050 <0.001

Palladium as Pd N WLAB050 <0.001

Phosphorus as P N WLAB050 <0.001

Platinum as Pt N WLAB050 <0.001

Praseodymium as Pr N WLAB050 <0.001

Rhodium as Rh N WLAB050 <0.001

Rubidium as Rb N WLAB050 0.002
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% Balancing N --- 97.1

Page 9 of 9

A = Accredited  N =  Not Accredited S = Subcontracted 

Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Scope of Accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.

The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 

not the responsibility of WATERLAB (Pty) Ltd. Except for the full report, part of this report may not be reproduced without written approval of WATERLAB (Pty) 

Ltd. Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.

A. van de Wetering - Chemical Technical Signatory



WATERLAB (Pty) Ltd
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

 T0391

CERTIFICATE OF ANALYSES

GENERAL WATER QUALITY PARAMETERS

Date received: 

marius@mvbconsult.co.za

079 741 9595 Mobile: 

e-mail: 

Contact person: 

Facsimile: Telephone: 

Address: 

Client name:  

Date completed:  

Order number: Report number: Project number: 

2022-02-09 2022-02-23

MVB Consulting

107216

PO Box 2166, Rant en Dal, 1751

Mr. M. Van Biljon

1000

079 741 9595

23B De Havilland Crescent

Persequor Techno Park

Meiring Naudé Drive

Pretoria

P.O. Box 283, Persequor Park, 0020

Tel:        +2712 - 349 - 1066

Fax:       +2786 - 654 - 2570

e-mail:   admin@waterlab.co.za

Date/Time Sampled

Analyses in mg/ℓ

(Unless specified otherwise)

Sample Number

Method 

Identification

Sample Identification: TGME Project

CDM 05 FS 02

152665 152666

N/A N/A

pH - Value @ 25 ºC A WLAB065 6.2 5.5

Electrical Conductivity in mS/m @ 25°C A WLAB065 20.4 205

Total Dissolved Solids @ 180°C A WLAB003 130 2134

Total Alkalinity as CaCO₃ A WLAB007 20 20

Chloride as Cl A WLAB046 4 10

Sulphate as SO₄ A WLAB046 65 1279

Nitrate as N A WLAB046 0.9 2.0
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Barium as Ba A WLAB015 0.074 0.034

Boron as B A WLAB015 0.060 0.511
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Iron as Fe A WLAB015 1.13 23

Lead as Pb A WLAB050 0.006 0.003
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EXECUTIVE SUMMARY 

A waste classification and geochemical environmental risk assessment was conducted on the mineral 

waste, i.e. tailings. Numeric geochemical modelling was used in conjunction with laboratory analysis data 

to conduct the risk assessment. The following was concluded from the study: 

 The new tailings material does not have any parameters which exceed the LCT0 regulatory 

values. Overall, this waste classifies as Type 3. However, as the kinetic geochemical model 

has indicated that the exceedance of any of the parameters above the LCT0 values is 

unlikely, the waste should be managed as Type 4, i.e., inert. 

 The Old (historic) tailings material as well as the DMS Float waste material classifies as 

Type 2. However, the kinetic geochemical model indicates that although arsenic and 

sulphate concentrations in this waste material is likely to exceed the LCT0 values, it is not 

likely to exceed the LCT1 regulatory values for these parameters. Therefore, the Old 

tailings as well as the DMS waste material should be managed as Type 3, i.e., low risk. 
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1 INTRODUCTION 

GeoDyn Systems was requested by MvB Consulting to conduct a waste classification of mineral 

waste material from the newly proposed Pilgrims Rest Gold Mine. 

1.1 Project objectives 

The objective of the geochemical assessment is: 

a. Conduct a waste classification of the mineral waste material in accordance with NEMWA 

R635. 

b. Conduct a risk assessment of the mineral waste to inform the final classification 

1.2 Methodology 

The classification of mineral waste according to R635 (Regulation 635) of NEMWAA (National 

Environmental Management: Waste Amendment Act1) requires following the methodology in the 

regulations and integrating the regulatory classification with a risk assessment of the waste material. 

Integrating the regulatory classification and risk assessment allows recommendations for the risk 

Type, according to R635, for which a required engineered barrier system design is needed, 

according to R636 of NEMWAA. 

Geochemical modelling has been used for decades internationally to aid in regulatory decision 

making, especially in relation to environmental risk determination for mine and other industry 

mineral waste. Geochemical modelling uses chemical reactions and associated thermodynamic and 

kinetic data to model the rate at which pollutant source minerals break down and thus release 

contaminants into the natural environment. It also accounts for other geochemical processes, e.g. 

precipitation of secondary minerals, the formation of complexes in the water solutions and sorption 

of chemical constituents to mineral surfaces. All these factors contribute to the method in which a 

potential contaminant will be released into the pore water of the mineral waste material. It also 

accounts for the response of the contaminants when they interacts with the minerals of the waste 

material and the constituents dissolved in the water solution between the mineral waste pores. 

The regulatory classification according to NEMWAA in combination with the assessment of the 

geochemical system of the mineral waste facility is used to derive recommendations for the Class of 

waste depending on the risks it poses to the natural environment. 

 

2 WASTE CLASSIFICATION 

2.1 Leachate analysis 

The leachate assessment data is shown in Table 1. The data indicates that none of the lowest 

regulatory values (LCT0) are exceeded for the TGME New tailings material. The LCT0 values are 

 
1 Act 26 of 2014 
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exceeded for arsenic for the DS01 and DS02 old tailings as well as the DMS float material. The 

LCT0 value for sulphate is exceeded for the DS01 and DS02 old tailings material. 

2.2 Total concentration analysis 

The total concentration assessment data is shown in Table 2. The lowest total concentration threshold 

values for copper and manganese are exceeded for all wastes. The TCT1 value for arsenic is 

exceeded to the DS01 and DS02 old tailings as well as for the DMS Float waste material. In 

addition, the TCT0 values for barium, lead and antimony are exceeded in the DS01 waste, while 

the TCT0 values for lead and antimony are exceeded for the DS02 old tailings waste. The TCT0 

values for barium and antimony are exceeded as well in the DMS Float waste. In addition to 

copper and manganese, only arsenic exceeded the TCT0 value in the new tailings material. 

 

2.3 Waste classification results 

Based on the criteria in Section 7 of R635, the mineral waste classifies as the following types: 

 Type 3: TGME New tailings 

 Type 2: DS01 Old tailings, DS02 Old tailings, DMS float. 

The mineral waste contains sulphide minerals, which are unstable once exposed to the Earth’s 

atmosphere. Most of the LCT and TCT exceedances are generally contained in sulphide minerals. 

2.4 Waste risk assessment 

Geochemical modelling was used to conduct a risk assessment of the TGME Pilgrims Rest mineral 

waste materials. Geochemical modelling is useful in assessing the risk of leaching of contaminants 

from mineral waste, as it takes the rates at which contaminant source minerals break down into 

account. The R635 waste classification methodology does not consider time and thus has the 

potential to under assess as well as over assess the concentration of contaminants that may leach 

from the mineral waste material. 

The mineralogy of the various mineral wastes as well as the waste classification results were used 

to develop the geochemical models and to identify processes related to the release of 

contaminants into mineral waste leachate as well as its response given the environmental conditions 

in which the effluent will occur. These conditions include environments in contact with the Earth’s or 

isolated from the Earth’s atmosphere and thus containing limited oxygen to react with the source 

minerals. Details of the geochemical models are summarised in the Appendix A. The results of 

these models are discussed below. 
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Table 1 Leach concentration threshold assessment results 

 

 

LCT0 LCT1 LCT2 LCT3 DS01
old tailings

DS02
old tailings

DMS Float
DMS plant

TGME New
new tailings

mg/L mg/L mg/L mg/L

Arsenic As 0.01 0.5 1 4 0.027 0.040 0.020 0.001
Boron B 0.5 25 50 200 b.d. b.d. b.d. b.d.
Barium Ba 0.7 35 70 280 0.036 0.028 0.002 0.001
Cadmium Cd 0.003 0.15 0.3 1.2 b.d. b.d. b.d. b.d.
Cobalt Co 0.5 25 50 200 0.007 0.005 <0.001 0.005
Chromium (Total) Cr(Total) 0.1 5 10 40 b.d. b.d. b.d. b.d.
Chromium (VI) Cr(VI) 0.05 2.5 5 20 b.d. b.d. b.d. b.d.
Copper Cu 2.0 100 200 800 b.d. b.d. b.d. b.d.
Mercury Hg 0.006 0.3 0.6 2.4 0.002 0.001 b.d. b.d.
Manganese Mn 0.5 25 50 200 0.256 0.098 b.d. b.d.
Molybdenum Mo 0.07 3.5 7 28 0.002 0.001 0.003 b.d.
Nickel Ni 0.07 3.5 7 28 b.d. b.d. b.d. 0.005
Lead Pb 0.01 0.5 1 4 b.d. b.d. b.d. b.d.
Antimony Sb 0.02 1.0 2 8 0.001 0.009 0.006 b.d.
Selenium Se 0.01 0.5 1 4 b.d. b.d. b.d. b.d.
Vanadium V 0.2 10 20 80 b.d. b.d. b.d. b.d.
Zinc Zn 5.0 250 500 2 000 b.d. b.d. b.d. b.d.

Total Dissolved Solids TDS 1 000 12 500 25 000 100 000 396 436 60 38
Chloride Cl 300 15 000 30 000 120 000 8 6 b.d. b.d.

Sulphate SO4 250 12 500 25 000 100 000 265 279 19 <2

Nitrate as Nitrogen NO3-N 11 550 1 100 4 400 b.d. b.d. b.d. b.d.

Fluoride F 2 75 150 600 b.d. b.d. b.d. b.d.

Cyanide (Total) CN-(Total) 0 4 7 28 b.d. b.d. b.d. b.d.

Inorganic Anions

R635 Leach Concentration Threshold 
Values

Abbreviation
Inorganic Waste 

constituents

TGME Pilgrim's Rest Mineral Waste Material

Metal Ions

mg/L
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Table 2 Total concentration threshold assessment results 

 

 

TCT0 TCT1 TCT2
DS01

old tailings
DS02

old tailings
DMS Float
DMS plant

TGME New
new tailings

mg/kg mg/kg mg/kg

Arsenic As 5.8 500 2 000 1 528 1 808 568 31.6
Boron B 150 15 000 60 000 b.d. b.d. b.d. b.d.
Barium Ba 62.5 6 250 25 000 223.6 59.2 169.6 1.2
Cadmium Cd 7.5 260 1 040 0.8 0.4 b.d. b.d.
Cobalt Co 50 5 000 20 000 18.4 8.4 5.2 5.2
Chromium (Total) Cr(Total) 46 000 800 000 n.a 215.2 150.4 71.2 16.8
Chromium (VI) Cr(VI) 6.5 500 2 000 b.d. b.d. b.d. b.d.
Copper Cu 16.0 19 500 78 000 1 228 1 128 167.6 16.4
Mercury Hg 0.93 160 640 b.d. b.d. b.d. b.d.
Manganese Mn 1 000 25 000 100 000 6 400 2 412 4 400 3 316
Molybdenum Mo 40 1 000 4 000 2 2 4.4 b.d.
Nickel Ni 91 10 600 42 400 81.6 38 24 14.8
Lead Pb 20 1 900 7 600 256.4 31.2 2.8 3.2
Antimony Sb 10 75 300 88 78 32 b.d.
Selenium Se 10 50 200 0.4 b.d. b.d. b.d.
Vanadium V 150 2 680 10 720 60.8 28.8 32.4 11.6
Zinc Zn 240.0 160 000 640 000 171.6 106.8 30.8 18.4

Fluoride F 100 10 000 40 000 b.d. b.d. 2.96 6.03

Cyanide (Total) CN
-
(Total) 14 10 500 42 000 b.d. b.d. b.d. b.d.

Metal Ions

Inorganic Anions

R635 Total Concentration 
Threshold Values

Waste constituents Abbreviation

TGME Pilgrim's Rest Mineral Waste Material

mg/kg
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2.4.1 TGME New Tailings 

A kinetic geochemical model was developed for the TGME new tailings mineral waste material. 

The paramaterisation is summarised in Appendix A. 

The geochemical model results indicate that the tailings leachate is likely to remain alkaline, mostly 

due to the low concentration of sulphide minerals in the material (Table 3). The metal and metalloid 

concentrations, specifically arsenic, copper, manganese and iron in the leachate is likely to be low, 

i.e. lower than the LCT0 values for these elements. This implies that the risk for metal and metalloid 

contamination from the new tailings material is negligible. The model sulphate concentration is 

likely to be lower than the LCT0, implying that the risk of elevated sulphate concentrations in the 

natural environment due to the new tailings material is negligible. 

 

Table 3 Geochemical model results of the old (historic) tailings 
material 

Parameter Abbreviation Units Value 
pH pH pH units 8.2 
Total dissolved 
solids 

TDS 

mg/L 

105 

Bicarbonate HCO3 59 

Sulphate SO4 19 

Aluminium Al 0.003 

Arsenic As <0.001 

Calcium Ca 25 

Copper Cu <0.001 

Iron Fe <0.001 

Magnesium Mg 1.1 

Manganese Mn <0.001 

Silicon Si 1.2 

 

Overall, addition of the rate at which geochemical reactions take place in the new tailings material 

indicates that the material is unlikely to present an environmental risk and can be classified as 

Type 4, i.e. inert. 

 

2.4.2 Old (historic) tailings material and DMS Float 

A kinetic geochemical model was developed for the TGME old, i.e. historic, tailings mineral and 

DMS Float waste material. The model for these material types are combined due to the similarity 

of the material chemical and mineral compositions. The paramaterisation is summarised in 

Appendix A. 
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The geochemical model indicates that the pH of leachate from the DMS Float and old tailings 

material is likely to be alkaline. This is due to the sufficient neutralisation capacity of the carbonate 

minerals, i.e. dolomite [CaMg(CO3)2] and calcite [CaCO3], in the waste material. The model 

indicates that the sulphate and TDS concentrations are likely to exceed the LCT0 regulatory value, 

but not the LCT1 value. Similarly, arsenic is likely to exceed the LCT0 value, but not the LCT1 

value. Manganese is unlikely be present in detectable quantities due to the precipitation of 

pyrolusite [MnO2], which forms when water is in contact with oxygen in the Earth’s atmosphere. 

Copper concentrations are also likely to occur in concentrations in the leachate of the DMS Float 

and Old tailings material in concentrations not exceeding the LCT0 value. 

 

Table 4 Geochemical model results of the old (historic) tailings 
material 

Parameter Abbreviation Units Value 
pH pH pH units 7.6 
Total dissolved solids TDS 

mg/L 

2 299 

Bicarbonate HCO3 29 

Sulphate SO4 1 547 

Aluminium Al 0.001 

Arsenic As 0.17 

Calcium Ca 683 

Copper Cu 1.6 

Iron Fe <0.001 

Magnesium Mg 32 

Manganese Mn <0.001 

Potassium K 0.2 

Silicon Si 6.3 

 

The geochemical model results indicate that although the leachate concentration of arsenic and 

sulphate are likely to exceed the LCT0 values of these elements, they are not likely to exceed the 

LCT1 values. Therefore this waste material should be classified as Type 3, i.e. low risk. 

 

3 CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions follow from the geochemical assessment: 

 The new tailings material does not have any parameters which exceed the LCT0 regulatory 

values. Overall this waste classifies as Type 3. However, as the kinetic geochemical model 

has indicated that the exceedance of any of the parameters above the LCT0 values is 

unlikely, the waste should be managed as Type 4, i.e. inert. 
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 The Old (historic) tailings material as well as the DMS Float waste material classifies as 

Type 2. However, the kinetic geochemical model indicates that although arsenic and 

sulphate concentrations in this waste material is likely to exceed the LCT0 values, it is not 

likely to exceed the LCT1 regulatory values for these parameters. Therefore the Old tailings 

as well as the DMS waste material should be managed as Type 3, i.e. low risk. 
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4 APPENDIX A – MODEL SETUP, PARAMETERISATION AND UNCERTAINTY 

This section describes the model setup and parameterisation as well as the uncertainties associated with 

the geochemical models for the tailings on the TGME Pilgrim’s Rest gold mine mineral waste facilities. 

4.1 Tailings material 

4.1.1 Conceptual model 

The tailings material is conceptualised as a facility open to the Earth’s atmosphere (Figure 1). A summary 

of the main geochemical processes considered is shown in Figure 2. The Earth’s atmosphere, which contains 

oxygen [O2(g)] and carbon dioxide [CO2(g)]. The atmosphere also contains mostly nitrogen [N2(g)] and 

small amounts of argon [Ar] and other gasses, but they are inert, rendering their influence on the tailings 

geochemical system negligible. CO2(g) is added to the geochemical model, as it has the tendency to 

dissolve in water, according to: 

CO𝟐 𝒈 ⇌ CO𝟐 𝒂𝒒          Equation 1 

In Equation 1, (g) denotes the gas phase, (aq) denotes dissolved in the aqueous phase and the double 

arrow implies an equilibrium reaction. Once CO2(g) has dissolved in water, it can dissociate according to: 

CO𝟐 𝒈 H𝟐O 𝓵 ⇌ H HCO𝟑        Equation 2 

In Equation 2, (ℓ  denotes the liquid phase. Equation 2 shows that the dissociation reaction of dissolved 

CO2(g) provides some acid neutralisation and buffer capacity to the resulting solution. 

O2(g) also dissolves in water and in its gaseous as well as dissolved forms acts as a strong oxidant, 

oxidising minerals containing reduced chemical species, e.g. pyrite [FeS2]. Pyrite oxidises in the presence 

of O2 according to: 

FeS𝟐 𝒔
𝟕

𝟐
O𝟐 𝒂𝒒 H𝟐O 𝓵 → Fe𝟐 𝟐SO𝟒

𝟐 𝟐H      Equation 3 

The (s) in Equation 3 denotes the solid phase. The ferrous iron [Fe2+] forming according to the reaction 

in Equation 3 can further be oxidised in the presence of O2 to ferric iron [Fe3+]: 

FeS𝟐 𝒔 𝟏𝟒Fe𝟑 𝟖H𝟐O → 𝟏𝟓Fe𝟐 𝟐SO𝟒
𝟐 𝟏𝟔H     Equation 4 

The reaction in Equation 4 indicates that the oxidation of pyrite by Fe3+ produces 8 times more acidity 

per mole of pyrite oxidised than when pyrite is oxidised by O2(g). The reaction in Equation 4 can only 

occur when Fe3+ is dissolved, which occurs at pH values less than 3. Above pH 3, Fe3+ will tend to 

precipitate in the form of a number of oxyhydroxide minerals, e.g. goethite [FeOOH]. 

The reaction in Equation 3 was described kinetically, using a modified version of the rate law of 

Williamson and Rimstidt (1994): 
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Figure 1 Conceptual model of the tailings facilities. The geochemical processes modelled are shown in Figure 2.
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Figure 2 Geochemical processes considered in the geochemical models 

 

𝐫 𝟏𝟎 𝟏𝟐.𝟏𝟗 O𝟐 𝐚𝐪
𝟎.𝟓

H
𝟎.𝟏𝟏          Equation 5 

The TGME tailings contains a number of silicate minerals, e.g. actinolite [Ca2Fe5Si8O22(OH)2], which also 

dissolves in acidic solutions: 

Ca𝟐Fe𝟓Si𝟖O𝟐𝟐 OH 𝟐 𝒔 𝟏𝟒H → 𝟐Ca𝟐 𝟓Fe𝟐 𝟖SiO𝟐 𝒂𝒒 𝟖H𝟐O 𝓵   Equation 6 

The dissolution of silicate minerals, of which the dissolution of actinolite in Equation 6 is an example, 

releases cations, e.g. calcium, magnesium, aluminium and potassium, into the pore water solution. The 

breakdown of the silicate minerals are described in the model kinetically, using a general rate law 

(Bethke, 2008, Brantley, 2008): 

𝒓 𝒌𝟏 H 𝒏 𝟏 𝛀          Equation 7 

In Equation 7, r is the reaction rate in mol/L/s, k1 is an empirically derived rate constant, n is an 

empirically derived exponent, which depends on the sensitivity of the dissolution of a particular mineral 

to the pH and, Ω is the saturation index of the mineral being described. The curly brackets denote 

activity. 

The cations released by the breakdown of secondary minerals are available to form secondary minerals, 

e.g. gypsum [CaSO4.2H2O]: 

Ca𝟐 SO𝟒
𝟐 𝟐H𝟐O 𝓵 ⇌ CaSO𝟒. 𝟐H𝟐O 𝐬       Equation 8 

Secondary minerals which form from the breakdown of primary minerals, e.g. pyrite and silicates, have 

the capacity to remove pollutants from the mineral waste leachate by co-precipitation of sorption. Iron 
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and manganese oxides and hydroxides and clay minerals are particularly important in this regard. The 

sorption process can be described as: 

𝑺OH Me𝟐 ⇌ 𝑺OMe H        Equation 9 

In Equation 9, >S denotes a mineral surface and Me2+ is a divalent metal ion. 

If sufficient carbonate minerals, e.g. calcite [CaCO3] are present, they will be able to neutralise acidity 

produced by the dissolution of primary sulphide minerals and buffer the pH at near-neutral pH values: 

CaCO𝟑 𝒔 H ⇌ Ca𝟐 HCO𝟑        Equation 10 

Figure 1 indicates that the tailings is composed of two geochemical zones. The top layer is the oxidation 

zone, where sulphide minerals have been oxidised and abundant secondary minerals have formed. The 

geochemical zone directly beneath that is the unoxidised transition zone. At the boundary between the 

two zones, sulphide minerals have started to oxidise and as depth increases, the tailings material 

becomes more pristine, i.e. the sulphide minerals are unoxidised as O2(g) has not been able to penetrate 

to greater depths within the tailings. This is due to the generally slow diffusion of O2(g) through water 

and fine particulate matter. Only the oxidation zone tailings oxidation zone was modelled, to provide 

a conservative estimate of long-term geochemical environmental impacts. 

4.1.2 Gas phase parameterisation 

For the model developed for the TGME tailings material the gas phase is the Earth’s atmosphere, with a 

partial oxygen gas pressure of 0.21 atm, nitrogen of 0.79 atm and carbon dioxide of 4.2x10-4 atm. 

4.1.3 Liquid phase parameterisation 

The model liquid phase represents the pore water in between the interstices of the mineral waste particles 

and which results in leachate as it exits the mineral waste facility. Initially, at the initiation of the model, 

i.e. t (time) = 0 s, the water is clean, i.e. devoid of dissolved solids. As the model progresses and minerals 

are allowed to react, the pore water becomes more concentrated with dissolved solids, until the modelling 

time has lapsed, or the system reaches dynamic equilibrium. The initial liquid is set to have a pH of 7 

and default pe of 4, containing no dissolved ions. 

4.1.4 Solid phase parameterisation 

The solid phase included in the model are the mineral and chemical composition of the mineral waste 

material. This mineral composition includes the primary minerals of the material, provided by the X-ray 

diffraction (XRD) mineralogical analysis results. The mineral composition also includes secondary minerals, 

i.e. minerals that may precipitate from the mineral waste pore water liquid as the primary minerals react 

over time (Table 5). 
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Table 5 Mineral inputs to the geochemical model showing which minerals were described kinetically for the tailings material 

Amount (weight %) Ideal mineral formula 
Mr amount 

model 
amounts kinetic 

description 
g/mol wt% mol 

Quartz SiO2 60.0843 61.6 10.2563 yes 

Dolomite CaMg(CO3)2 184.4008 23.5 1.2744 no 

Pyrite FeS2 119.975 5.2 0.4334 yes 

Goethite FeOOH 88.85174 2.5 0.28137 no 

Muscovite KAl2(Si3Al)O10(OH)2 398.308094 4.6 0.1155 yes 

Talc Mg3Si4O10(OH)2 379.26568 1.0 0.0264 yes 

Gypsum CaSO4.2H2O 172.17116 1.3 0.0755 no 

Calcite CaCO3 100.0869 0.5 0.0500 no 
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4.1.5 Model simulation period 

The model simulation time is 100 years to simulate long-term post-closure geochemical processes. 

4.1.6 Model uncertainty 

4.1.6.1 Water-rock ratio 

The water-rock ratio was set to 1:1. Although this ratio is usually different in the real waste systems, 

extensive experience has shown that the model results are insensitive to the water:rock ratio and a 1:1 

ratio is sufficient to model environmental risks. 

4.1.6.2 Empirical rate-law constants 

The empirical rate laws used to describe the kinetic dissolution of primary minerals requires data on 

several empirical constants. These constants were sourced from literature. These constants are derived 

from laboratory studies, which are generally more rapid than the rates for the same minerals in natural 

settings (White and Brantley, 2003). Therefore, the use of the literature constants usually overestimates 

the rate, i.e. the rates are more rapid than in a natural setting, rendering the model conservative from 

the environmental context. The values used are shown in Table 6. 

 

Table 6 Rate law parameters of kinetically described minerals in the tailings 
material 

Mineral 

Mineral 
surface area 

kinetic rate 
constant 

pH 
dependence 

exponent 

m2/g logk1 n 

Quartz 600 -12.28 0.00 

Pyrite 600 -12.19 -0.11 

Muscovite 600 -15.80 0.14 

Talc 600 -12.50 0.00 

 

4.1.6.3 Formation of secondary minerals 

Secondary minerals generally form rapidly relative to the weathering of the primary minerals; therefore 

these minerals are controlled by thermodynamic equilibrium relations. 

4.1.7 Model limitations 

The model was developed using the conceptual model (Section 4.1.1, Figure 1 and Figure 2) as basis, 

i.e. tailings material open to the Earth’s atmosphere. This is the most conservative case. The model was 

also developed and parameterised using the laboratory data generated for the TGME mine site tailings 
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material specifically and can therefore not be used in a general sense and applied to tailings or other 

mineral waste material on other mine sites. 
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Mineral 
Amount (weight %)

 

Composition (%) [o] 

DS01 DS02 DMS Float TGME New 

136331 136332 136333 136334 

Quartz 61.7 61.5 55.0 14.2 

Dolomite 22.3 24.6 39.1 74.5 

Pyrite 3.5 6.8 1.2 0 

Goethite 2.5 2.5 0 0 

Muscovite 6.3 2.9 4.5 1.3 

Talc 2.0 0 0 2.3 

Gypsum 1.5 1.1 0 0 

Calcite 0.3 0.6 0 2.9 

Chlorite 0 0 0.2 3.0 

Plagioclase 0 0 0 1.9 
 

 [o] = Outsourced 
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Notes: 

The material was prepared for XRD analysis using a back loading preparation method.  
Diffractograms were obtained using a Malvern Panalytical  Aeris diffractometer with PIXcel detector and fixed 
slits with Fe filtered  Co-Kα radiation. The phases were identified using X’Pert Highscore plus software. 
The relative phase amounts (weight %) were estimated using the Rietveld method.  
 
Comment:  

 In case the results do not correspond to results of other analytical techniques, please let me know for 
further fine tuning of XRD results.  

 Mineral names may not reflect the actual compositions of minerals identified, but rather the 
mineral group.  

 Lizardite (serpentine), chlorite, smectite, vermiculite and kaolinite peaks overlap and further test would be 
necessary to distinguish. Identification is largely based on peak shapes and positions. 

 Due to preferred orientation and crystallite size effects, results may not be as accurate as shown. 
 Traces of additional phases may be present. Quantities below 0.5% may be unreliable. 
 Amorphous phases, if present, were not taken into consideration during quantification.  

 

 

Ideal Mineral compositions: 
 
 

Compound Name Chemical Formula

Calcite  CaCO3
Chlorite (Mg,Fe)5Al(AlSi3O10)(OH)8 
Dolomite  CaMg(CO3)2 
Goethite  FeO(OH )
Gypsum  Ca(SO4)(H2O)2 
Muscovite KAl2((OH)2AlSi3O10)
Plagioclase (Na,Ca)(Si,Al)4O8 
Pyrite  FeS2 
Quartz  SiO2
Talc  Mg3(Si2O5)2(OH)2

 
 
 



Telephone: +2712 – 349 – 1066 
Facsimile: +2712 – 349 – 2064 
Email: accounts@waterlab.co.za 

 WATERLAB (Pty) Ltd 
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891 

 
 
 
 
 
 

CERTIFICATE OF ANALYSES 
X-RAY DIFFRACTION 

 

  

Date received: 2021-08-12                 Date completed:  2021-09-03 
Project number: 1000       Report number: 102707    Order number: Kloof Project 
 
 

Client name: MvB Consulting                Contact person: Marius van Biljon 
Address: P.O. Box 2166, Rant en Dal, 1751            Email: marius@mvbconsult.co.za  
Telephone: ---         Facsimile: ---        Cell: 079 741 9595 
 

E. Botha__________________ 
Geochemistry Project manager  
 
                
 
The information contained in this report is relevant only to the sample/samples supplied to WATERLAB (Pty) Ltd. Any further use of the above information is 
not the responsibility or liability of WATERLAB (Pty) Ltd. Except for the full report, parts of this report may not be reproduced without written approval of 
WATERLAB (Pty) Ltd. 
 

Page 3 of 3 

23B De Havilland Crescent 
Persequor Techno Park, 
Meiring Naudé Road, Pretoria 
P.O. Box 283, 0020 

 
 
 

 



CERTIFICATE OF ANALYSES

EXTRACTIONS AS 4439.3

Date received: 2021/08/13 2021/09/17

Project number: 1000 102792 TGME Project

Client name: MvB Consulting Marius van Biljon
Address: P.O. Box 2166, Rant en Dal, 1751 marius@mvbconsult.co.za 
Telephone: --- 079 741 9595

DS01 ‐ Old 

tailings 

sample

DS02 ‐ Old 

tailings 

sample

DMS Float ‐ 

DMS plant 

sample

TGME New ‐ 

tailings 

sample

Sample Number 136331 136332 136333 136334

TCLP / Borax / Distilled Water 
Distilled 

Water
Distilled 

Water
Distilled 

Water
Distilled 

Water

Ratio* 1:20 1:20 1:20 1:20

Units mg/ℓ mg/ℓ mg/ℓ mg/ℓ LCT0 mg/l LCT1 mg/l LCT2 mg/l LCT3 mg/l

Al, Aluminium <0.100 <0.100 <0.100 <0.100
As, Arsenic 0.027 0.040 0.020 0.001 0.01 0.5 1 4
B, Boron <0.001 <0.001 <0.001 <0.001 0.5 25 50 200
Ba, Barium 0.036 0.028 0.002 0.001 0.7 35 70 280
Ca, Calcium 103 112 10 5
Cd, Cadmium <0.001 <0.001 <0.001 <0.001 0.003 0.15 0.3 1.2
Co, Cobalt 0.007 0.005 <0.001 0.005 0.5 25 50 200
CrTotal, Chromium Total <0.001 <0.001 <0.001 <0.001 0.1 5 10 40
Cr(VI), Chromium (VI) <0.010 <0.010 <0.010 <0.010 0.05 2.5 5 20
Cu, Copper <0.001 <0.001 <0.001 <0.001 2.0 100 200 800
Fe, Iron <0.025 <0.025 <0.025 <0.025
Hg, Mercury 0.002 0.001 <0.001 <0.001 0.006 0.3 0.6 2.4
K, Potassium 0.6 0.5 0.7 1.0
Mg, Magnesium 3 5 4 3
Mn, Manganese 0.256 0.098 <0.025 <0.025 0.5 25 50 200
Mo, Molybdenum 0.002 0.001 0.003 <0.001 0.07 3.5 7 28
Na, Soduim 10 <1 3 5
Ni, Nickel <0.001 <0.001 <0.001 0.005 0.07 3.5 7 28
Pb, Lead <0.001 <0.001 <0.001 <0.001 0.01 0.5 1 4
Sb, Antimony 0.001 0.009 0.006 <0.001 0.02 1.0 2 8
Se, Selenium <0.001 <0.001 <0.001 <0.001 0.01 0.5 1 4
V, Vanadium <0.001 <0.001 <0.001 <0.001 0.2 10 20 80
Zn, Zinc <0.001 <0.001 <0.001 <0.001 5.0 250 500 2000
Inorganic Anions mg/ℓ mg/ℓ mg/ℓ mg/ℓ

Total Dissolved Solids* 396 436 60 38 1000 12 500 25 000 100 000
Total Alkalinity as CaCO3 20 20 28 36
Chloride as Cl 8 6 <2 <2 300 15 000 30 000 120 000
Sulphate as SO4 265 279 19 <2 250 12 500 25 000 100 000
Nitrate as N <0.1 <0.1 <0.1 0.1 11 550 1100 4400
Free & Saline Ammonia as N 1.7 0.5 <0.1 <0.1
Ammonium as NH4 (calc) 2.2 0.6 <0.3 <0.3
Fluoride as F <0.2 <0.2 <0.2 <0.2 1.5 75 150 600
Ortho Phosphate as P 0.1 <0.1 0.1 <0.1
Total Cyanide as CN [o] <0.07 <0.07 <0.07 <0.07 0.07 3.5 7 28
pH 7.3 7.3 7.9 8.6
Electrical Conductivity in mS/m at 25˚C 60.5 59.3 10.9 8.0
Moisture % 20.41 16.72 N/A 1.55
X-ray Diffraction [o]
[o] = Outsourced

E. Botha__________________
Geochemistry Project Manager

*Please note:  1.  The samples were used as received.  
2.  A moisture content were determined for wet or moist samples.
3.  In cases where the sample were a slurry, a solid to liquid ratio were done (reported).
      Moisture content were determined after filtration
4.  The results are reported as received.  The moisture content were not taken into account.
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Sample Number 135949

TGME RW Water Sample
Method

Identification

Sample Identification

Date\Time Sampled N/A

pH - Value @ 25 ºC 5.8A WLAB065

Electrical Conductivity in mS/m @ 25°C 526A WLAB002

Total Dissolved Solids @ 180°C 3682A WLAB003

Total Alkalinity as CaCO₃ 8A WLAB007

Chloride as Cl 311A WLAB046

Sulphate as SO₄ 2090A WLAB046

Nitrate as N 9.5A WLAB046

Sodium as Na 859A WLAB015

Potassium as K 435A WLAB015

Calcium as Ca 8A WLAB015

Magnesium as Mg 9A WLAB015

Aluminium as Al <0.100A WLAB015

Arsenic as As <0.001A WLAB050

Barium as Ba 0.266A WLAB015

Boron as B <0.025A WLAB015

Total Chromium as Cr <0.025A WLAB015

Cobalt as Co 0.041A WLAB015

Copper as Cu 1.89A WLAB015

Iron as Fe 146A WLAB015

Lead as Pb <0.001A WLAB050

Manganese as Mn 8.28A WLAB015

Mercury as Hg <0.001A WLAB047

Nickel as Ni 0.493A WLAB015

Selenium as Se <0.001A WLAB050

Strontium as Sr 0.032N WLAB015

Zinc as Zn 0.066A WLAB015

% Balancing 96.6N ---

A. van de Wetering  - Chemical Technical Signatory

Page 1 of 1

A = Accredited  N =  Not Accredited S = Subcontracted 
Tests marked “Not SANAS Accredited” in this report are not included in the SANAS Schedule of Accreditation for this Laboratory.

Results marked “Subcontracted Test” in this report are not included in the SANAS Schedule of accreditation for this Laboratory.

Sample condition acceptable unless specified on the report.
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Details of sample conducted by Waterlab (PTY) Ltd according to WLAB/Sampling Plan and Procedures/SOP are available on request.
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SUBMISSION OF GEOCHEMISTRY AND WATER SAMPLES – TGME PROJECT 

TGME collected four (4) tailings samples and one (1) water samples from the TGME Project. The 
sample numbers are as follows: 

• DS01 – Old tailings sample 

• DS02 – Old tailings sample 

• DMS Float – DMS plant sample 

• TGME New – tailings sample 

• TGME RW – return water sample 

 
A waste classification according to R635 (Regulation 635) of the National Environmental 
Management Waste Act (2008) is required. 

The following analyses are required for the waste classifications: 

• X-Ray diffraction to analyse for the mineral compositions of the rocks.  

• Distilled water leach test and analysis of the following parameters (the metals and 
metalloids should be analysed via ICP-MS): pH, TDS, EC, total alkalinity, Ca, Mg, Na, K, 
Al, V, Cr(total), Cr(hexavalent), Mn, Fe, Ba, Co, Ni, Cu, Zn, As, Se, Mo, Cd, Sb, Hg, Pb, 
B, NO3-N, NH4-N, F, PO4-P, SO4, Cl, CN (total) 

• Aqua Regia digest and analysis for the following parameters (the metals and metalloids 
should be analysed via ICP-MS): Ca, Mg, Na, K, Al, V, Cr(total), Cr(hexavalent), Mn, Fe, 
Co, Ni, Cu, Zn, As, Se, Mo, Cd, Ba, Sb, Hg, Pb, B, F, CN (total) 

 
Please analyse the water samples for the following parameters. 
pH  
Electrical conductivity  

Total dissolved solids  
Total alkalinity 
Nitrate  



2 

 
 
Waterlab_TGME_12August2021_r1 

Chloride 
Sulphate 
11-20 element ICP analysis (Na, K, Ca, Mg, Al, Mn, Fe, Zn, Pb, As, B, Ba, Co, Cu, Ni, U, Cr, Hg, 
Sr & Se) 
 

Invoice should be addressed to: 
 Transvaal Gold Mining Estate (Pty) Ltd 
 P.O. Box 21 

 Pilgrims Rest 
 1290 
 Vat No. 4250118520 
Can you please provide a quote for these analyses and I will arrange for Waterlab to be added to 
their Vendor list. Please send the quote to Marius van Biljon (E-mail: marius@mvbconsult.co.za 
Cell: 079 741 9595). 
Should you require any additional information please contact me at any time. 
Regards 

 

Marius van Biljon (PhD. Pr SciNat)        

Geohydrologist           
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EXECUTIVE SUMMARY 

Numerous studies have been conducted on the Pilgrim’s Rest Mine mineral waste material during 2020 

and 2021 (GeoDyn, 2020-2021). These included studies on historic impacts on the Blyde river, which 

flows adjacent to the mine site (GeoDyn, 2021). Comparison to the mineralogical composition between 

the CDM and Frankfort waste rock and the waste rock from other facilities on the Pilgrim’s Rest Mine site 

indicates that the composition between material from all the waste rock facilities are similar. They all 

contain abundant amounts (>50 wt%) of dolomite [CaMg(CO3)2), a carbonate mineral capable of 

neutralising any acid that may be produced from the waste rock material. Therefore, the risk of the 

development of AMD (acid mine drainage conditions) is negligible, as was shown for all the waste rock 

material on the Pilgrim’s Rest Mine site. 

The CDM and Frankfort, as well as the other waste rock material on the mine site, contains minerals e.g., 

clay minerals and iron hydroxides, which have the capacity to immobilise potential contaminants e.g. 

arsenic and mercury, so that it does not end up in the natural environment. 

Therefore, although the CDM and Frankfort mineral waste material classifies as Type 3, it can be 

managed as Type 4 i.e., inert, material. 
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1 INTRODUCTION 

GeoDyn Systems was requested by MvB Consulting to conduct a waste classification of mineral 

waste material from the CDM and Frankfort waste rock facilities at the TGME Pilgrim’s Rest Gold 

Mine site. 

1.1 Project objectives 

The objective of the geochemical assessment is: 

a. Conduct a waste classification of the mineral waste material in accordance with NEMWA 

R635. 

b. Conduct a risk assessment in terms of the mineral composition of the CDM and Frankfort 

waste rock including data from previous studies conducted on waste rock material from the 

Pilgrim’s Rest mine site. 

1.2 Methodology 

South African legislation, specifically the National Environmental Management Act and its 

regulations, requires mineral waste from mine sites to be classified for environmental and water use 

approval. The legislation requires classification according to R635 (Regulation 635) of NEMWA as 

well as a risk-based approach to determine the risk of hazardous substances potentially leaching 

from the mineral waste material as well as the ability of these substances to be transported in the 

natural environment by predominantly surface water and groundwater. 

R635 requires a two-tier classification to be conducted. The LCT (Leach Concentration Threshold) 

classification is designed to identify the risk of hazardous substances potentially leaching from the 

material in leachate from the mineral waste material. The TCT (Total Concentration Threshold) 

classification is designed to determine whether hazardous substances contained in the solid material 

may leach from the material due solely to its high concentrations. The LCT and TCT classifications 

are then combined to reach a final type for the waste material. 

As the regulated classification as specified in R635 does not take geochemical processes in the 

waste material nor of the hazardous substances in the natural environment nor the length of time 

these processes occur in into account, a risk approach needs to be followed to place the results of 

the R635 classification into perspective. 

Mineralogical analyses are conducted on the waste material. Some minerals are the sources of 

potential contaminants and others have the potential to immobilise potential contaminants. 

Knowledge of the mineral composition of the mineral waste material is thus of vital importance to 

accurately assess the environmental risk posed by mineral waste material.
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2 WASTE CLASSIFICATION 

2.1 Leachate analysis 

The leachate assessment of the tailings mineral waste data is shown in Table 1. The R635 LCT0 

value for mercury is exceeded in the CDM waste rock material. No other parameters are 

exceeded and none of the LCT0 values are exceeded for the Frankfort waste rock material. 

2.2 Total concentration analysis 

The total concentration assessment of the tailings mineral waste data is shown in Table 2. The R635 

TCT0 values for arsenic and manganese are exceeded for the CDM and Frankfort waste rock. 

The TCT0 value for copper is exceeded for the CDM waste rock. 

2.3 Waste classification results 

Both the CDM and Frankfort waste rock material classify as Type 3 i.e., low risk, waste. 

2.4 Risk assessment of the waste rock material 

Numerous studies have been conducted on the Pilgrim’s Rest Mine mineral waste material during 

2020 and 2021 (GeoDyn, 2020-2021). These included studies on historic impacts on the Blyde 

river, which flows adjacent to the mine site (GeoDyn, 2021). Comparison to the mineralogical 

composition between the CDM and Frankfort waste rock and the waste rock from other facilities 

on the Pilgrim’s Rest Mine site indicates that the composition between material from all the waste 

rock facilities are similar. They all contain abundant amounts (>50 wt%) of dolomite 

[CaMg(CO3)2), a carbonate mineral capable of neutralising any acid that may be produced from 

the waste rock material. Therefore, the risk of the development of AMD (acid mine drainage 

conditions) is negligible, as was shown for all the waste rock material on the Pilgrim’s Rest Mine 

site. 

The CDM and Frankfort, as well as the other waste rock material on the mine site, contains minerals 

e.g., clay minerals and iron hydroxides, which have the capacity to immobilise potential 

contaminants e.g. arsenic and mercury, so that it does not end up in the natural environment. 

Therefore, although the CDM and Frankfort mineral waste material classifies as Type 3, it can be 

managed as Type 4 i.e., inert, material. 
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Table 1 Leach concentration threshold assessment results 

 

LCT0 LCT1 LCT2 LCT3 Frankfort CDM

mg/L mg/L mg/L mg/L mg/kg mg/kg

Arsenic As 0.01 0.5 1 4 0.007 0.006
Boron B 0.5 25 50 200 b.d. b.d.
Barium Ba 0.7 35 70 280 0.001 0.002
Cadmium Cd 0.003 0.15 0.3 1.2 b.d. b.d.
Cobalt Co 0.5 25 50 200 b.d. b.d.
Chromium (Total) Cr(Total) 0.1 5 10 40 b.d. b.d.
Chromium (VI) Cr(VI) 0.05 2.5 5 20 b.d. b.d.
Copper Cu 2.0 100 200 800 b.d. b.d.
Mercury Hg 0.006 0.3 0.6 2.4 0.003 0.019
Manganese Mn 0.5 25 50 200 b.d. 0.071
Molybdenum Mo 0.07 3.5 7 28 b.d. b.d.
Nickel Ni 0.07 3.5 7 28 b.d. b.d.
Lead Pb 0.01 0.5 1 4 b.d. b.d.
Antimony Sb 0.02 1.0 2 8 b.d. 0.004
Selenium Se 0.01 0.5 1 4 b.d. 0.003
Vanadium V 0.2 10 20 80 b.d. b.d.
Zinc Zn 5.0 250 500 2 000 b.d. b.d.

Total Dissolved Solids TDS 1 000 12 500 25 000 100 000 66 104
Chloride Cl 300 15 000 30 000 120 000 b.d. 3

Sulphate SO4 250 12 500 25 000 100 000 2 33

Nitrate as Nitrogen NO3-N 11.0 550 1 100 4 400 0.1 b.d.

Fluoride F 1.5 75 150 600 0.2 0.2

Cyanide (Total) CN-(Total) 0.1 3.5 7 28 b.d. b.d.

Inorganic Anions

R635 Leach Concentration Threshold 
Values

Abbreviation
Inorganic Waste 

constituents

TGME Mineral Waste Rock 
Material

Metal Ions
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Table 2 Total concentration threshold assessment results 

 

 

TCT0 TCT1 TCT2 Frankfort CDM
mg/kg mg/kg mg/kg mg/kg mg/kg

Arsenic As 5.8 500 2 000 7.20 76.80
Boron B 150 15 000 60 000 b.d. b.d.
Barium Ba 62.5 6 250 25 000 22.8 59.2
Cadmium Cd 7.5 260 1 040 b.d. b.d.
Cobalt Co 50 5 000 20 000 b.d. 1.2
Chromium (Total) Cr(Total) 46 000 800 000 n.a 1.6 4.4
Chromium (VI) Cr(VI) 6.5 500 2 000 b.d. b.d.
Copper Cu 16.0 19 500 78 000 15.6 34.8
Mercury Hg 0.93 160 640 b.d. b.d.
Manganese Mn 1 000 25 000 100 000 3 136 2 896
Molybdenum Mo 40 1 000 4 000 b.d. b.d.
Nickel Ni 91 10 600 42 400 2.0 4.8
Lead Pb 20 1 900 7 600 0.8 0.4
Antimony Sb 10 75 300 b.d. 1.2
Selenium Se 10 50 200 b.d. b.d.
Vanadium V 150 2 680 10 720 1.6 4.0
Zinc Zn 240.0 160 000 640 000 1.6 5.6

Fluoride F 100 10 000 40 000 3.75 19.3

Cyanide (Total) CN-(Total) 14 10 500 42 000 b.d. b.d.
* b.d. - below detection

Inorganic Anions

R635 Total Concentration 
Threshold ValuesWaste constituents Abbreviation

Metal Ions

TGME Mineral Waste 
Rock Material
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3 CONCLUSIONS 

The following conclusions follow from the geochemical assessment: 

 The CDM and Frankfort waste rock material classifies as Type 3 i.e., low risk. 

 The abundance of carbonate minerals precludes the development of AMD conditions. 

 

4 RECOMMENDATIONS 

The following recommendation is made following the study: 

 Although the CDM and Frankfort waste rock material classifies as Type 3., it can be 

managed as Type 4 i.e., inert, material. This is due to the favourable mineral composition 

of the CDM and Frankfort as well as other waste rock material on the Pilgrim’s Rest Mine 

site, which precludes the leaching of hazardous substances from the waste rock. 
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CERTIFICATE OF ANALYSES

EXTRACTIONS AS 4439.3

Date received: 2022/02/09 2022/03/09

Project number: 1000 TGME_Project   

Client name: MvB Consulting Marius van Biljon
Address: P.O. Box 2166, Rant en Dal, 1751 Email: marius@mvbconsult.co.za 
Telephone: --- Cell: 079 741 9595

Frankfort CDM

Sample Number 152662 152663

TCLP / Borax / Distilled Water 
Distilled 

Water
Distilled 

Water
Ratio* 1:20 1:20

Units mg/ℓ mg/ℓ LCT0 mg/l LCT1 mg/l LCT2 mg/l LCT3 mg/l

Al, Aluminium <0.100 <0.100
As, Arsenic 0.007 0.006 0.01 0.5 1 4
B, Boron <0.001 <0.001 0.5 25 50 200
Ba, Barium 0.001 0.002 0.7 35 70 280
Ca, Calcium 7 15
Cd, Cadmium <0.001 <0.001 0.003 0.15 0.3 1.2
Co, Cobalt <0.001 <0.001 0.5 25 50 200
CrTotal, Chromium Total <0.001 <0.001 0.1 5 10 40
Cr(VI), Chromium (VI) <0.010 <0.010 0.05 2.5 5 20
Cu, Copper <0.001 <0.001 2.0 100 200 800
Fe, Iron <0.025 <0.025
Hg, Mercury 0.003 0.019 0.006 0.3 0.6 2.4
K, Potassium 0.7 0.7
Mg, Magnesium 3 4
Mn, Manganese <0.025 0.071 0.5 25 50 200
Mo, Molybdenum <0.001 <0.001 0.07 3.5 7 28
Na, Soduim <1 <1
Ni, Nickel <0.001 <0.001 0.07 3.5 7 28
Pb, Lead <0.001 <0.001 0.01 0.5 1 4
Sb, Antimony <0.001 0.004 0.02 1.0 2 8
Se, Selenium <0.001 0.003 0.01 0.5 1 4
V, Vanadium <0.001 <0.001 0.2 10 20 80
Zn, Zinc <0.001 <0.001 5.0 250 500 2000
Inorganic Anions mg/ℓ mg/ℓ

Total Dissolved Solids* 66 104 1000 12 500 25 000 100 000
Total Alkalinity as CaCO3 24 28
Chloride as Cl <2 3 300 15 000 30 000 120 000
Sulphate as SO4 2 33 250 12 500 25 000 100 000
Nitrate as N 0.1 <0.1 11 550 1100 4400
Free & Saline Ammonia as N <0.1 <0.1
Ammonium (calc) <0.3 <0.3
Fluoride as F 0.2 0.2 1.5 75 150 600
Ortho Phosphate as P <0.1 <0.1
Total Cyanide as CN [o] <0.07 <0.07 0.07 3.5 7 28
pH 9.2 8.1
Electrical Conductivity in mS/m at 25˚C 6.6 8.7
X-ray Diffraction [o]
[o] = Outsourced

Analyses

See attached report 107214 XRD

Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891
WATERLAB (PTY) LTD

Date completed: 

Order number: 

Contact person: 

Report number:  107214

23B De Havilland Crescent
Persequor Techno Park,
Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

Telephone: +2712 – 349 – 1066
Facsimile: +2712 – 349 – 2064
Email: accounts@waterlab.co.za



CERTIFICATE OF ANALYSES

 Digestion AS 4439.3

Date received: 2022/02/09 2022/03/09

Project number: 1000

Client name: MvB Consulting Marius van Biljon
Address: P.O. Box 2166, Rant en Dal, 1751 Email: marius@mvbconsult.co.za 
Telephone: --- Cell: 079 741 9595

Sample Number

Digestion

Dry Mass Used (g)

Volume Used (mℓ)

Units mg/ℓ mg/kg mg/ℓ mg/kg

Al, Aluminium 13 5200 51 20400
As, Arsenic 0.018 7.20 0.192 77 5.8 500 2000
B, Boron <0.001 <0.400 <0.001 <0.400 150 15000 6000
Ba, Barium 0.057 23 0.148 59 62.5 6250 25000
Ca, Calcium 57 22800 121 48400
Cd, Cadmium <0.001 <0.400 <0.001 <0.400 7.5 260 1040
Co, Cobalt <0.001 <0.400 0.003 1.20 50 5000 20000
CrTotal, Chromium Total 0.004 1.60 0.011 4.40 46000 800000 N/A
Cu, Copper 0.039 16 0.087 35 16 19500 78000
Fe, Iron 21 8400 137 54800
Hg, Mercury <0.001 <0.400 <0.001 <0.400 0.93 160 640
K, Potassium 9.8 3920 21 8400
Mg, Magnesium 44 17600 75 30000
Mn, Manganese 7.84 3136 7.24 2896 1000 25000 100000
Mo, Molybdenum <0.001 <0.400 <0.001 <0.400 40 1000 4000
Na, Soduim <1 <400 1 400
Ni, Nickel 0.005 2.00 0.012 4.80 91 10600 42400
Pb, Lead 0.002 0.800 0.001 0.400 20 1900 7600
Sb, Antimony <0.001 <0.400 0.003 1.20 10 75 300
Se, Selenium <0.001 <0.400 <0.001 <0.400 10 50 200
V, Vanadium 0.004 1.60 0.010 4.00 150 2680 10720
Zn, Zinc 0.004 1.60 0.014 5.60 240 160000 640000
Inorganic Anions mg/ℓ mg/kg mg/ℓ mg/kg

Cr(VI), Chromium (VI) Total [o] --- <2 --- <2 6.5 500 2000
Total Fluoride [o] --- 3.75 --- 19.30 100 10000 40000
Total Cyanide as CN [o] --- <1.55 --- <1.55 14 10500 42000
[o] = Outsourced
UTD = Unable to determine

S. Laubscher__________________
Assistant Geochemistry Project Manager

TGME_Project   

TCT0 mg/kg TCT1 mg/kg TCT2 mg/kg

Contact person: 

WATERLAB (PTY) LTD
Reg. No.: 1983/009165/07          V.A.T. No.: 4130107891

Report number:  107214

Date completed: 

Order number: 

Analyses

HNO3 : HF HNO3 : HF

100 100

0.25 0.25

Frankfort

152662

CDM

152663

23B De Havilland Crescent
Persequor Techno Park,
Meiring Naudé Road, Pretoria
P.O. Box 283, 0020

Telephone: +2712 – 349 – 1066
Facsimile: +2712 – 349 – 2064
Email: accounts@waterlab.co.za
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Mineral 
Amount (weight %)

 

Composition (%) [o] 

Frankfort 

152662 

Quartz 45.5 

Dolomite 50.4 

Muscovite 2.9 

Chlorite 0.6 

Calcite 0.6 
 

Mineral 
Amount (weight %)

 

Composition (%) [o] 

CDM 

152663 

Quartz 57.9 

Pyrite 4.74 

Dolomite 26.77 

Magnetite 0.91 

Muscovite 6.98 

Siderite 1.85 

Ilmenite 0.86 

Chlorite 0 

Actinolite 0 
 

[o] = Outsourced 
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Position [°2θ] (Cobalt (Co))
10 20 30 40 50 60 70

Counts

0

10000

20000

30000

40000

 WL_152662
Quartz low 45.5 %
Dolomite 50.4 %
Muscovite-2\ITM\RG#1 2.9 %
Clinochlore I Ib-2 0.6 %
Calcite 0.6 %

 Peak List

 Quartz low; O2 Si1

 Dolomite; C2 Ca1.07 Mg0.93 O6

 Muscovite-2\ITM\RG#1; ( K0.727 Na0.170 Ca0.011 ) ( Al0.933 Fe0.016 Mg0.011 )2 ( Si0.782Al0.221 Ti0.005 )4 O10 ( O H )2

 Clinochlore I Ib-2; H8 Al2.651 Fe1.69 Mg2.96 O18 Si2.624

 Calcite; C1 Ca1 O3
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Position [°2θ] (Cobalt (Co))
10 20 30 40 50 60 70

Counts

0

20000

40000

 WL_152663
Quartz low 57.9 %
Pyrite 4.7 %
Dolomite 26.8 %
Magnetite 0.9 %
Muscovite 2M1 7.0 %
Siderite 1.8 %
Ilmenite 0.9 %
Clinochlore IIb-2 0.0 %
Actinolite 0.0 %

 Peak List
 Quartz low; O2 Si1
 Pyrite; Fe1 S2
 Dolomite; C2 Ca1 Mg1 O6
 Magnetite; Fe3 O4
 Muscovite 2M1; H4 Al5.74 Fe0.26 K2 O24 Si6
 Siderite; C1 Fe1 O3
 Ilmenite; Fe1.04 O3 Ti0.96
 Clinochlore IIb-2; H8 Al2.651 Fe1.69 Mg2.96 O18 Si2.624
 Actinolite; H2 Al0.23 Ca1.68 Fe0.48 Mg4.59 Na0.1 O24 Si7.92
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Note: 

The material was prepared for XRD analysis using a back loading preparation method.  
Diffractograms were obtained using a Malvern Panalytical  Aeris diffractometer with PIXcel detector and fixed slits with Fe 
filtered  Co-Kα radiation. The phases were identified using X’Pert Highscore plus software. 
The relative phase amounts (weight %) were estimated using the Rietveld method.  
 
Comment:  

 In case the results do not correspond to results of other analytical techniques, please let me know for further fine 
tuning of XRD results.  

 Mineral names may not reflect the actual compositions of minerals identified, but rather the mineral group.  
 Smectite, lizardite (serpentine), vermiculite, chlorite and kaolinite peaks overlap and further test would be necessary 

to distinguish. Identification is largely based on peak shapes and positions. 
 

 Due to preferred orientation and crystallite size effects, results may not be as accurate as shown. 
 Traces of additional phases may be present. Amounts below 0.5 weight % may be unreliable. Sample 152663 may 

contain traces of actinolite and chlorite. 
 Amorphous phases, if present, were not taken into consideration during quantification.  

 
 
Ideal Mineral compositions: 
 

Compound Name Chemical Formula 

Actinolite Ca2(Mg,Fe)5Si8O22(OH ) 

Calcite Ca(CO3) 

Chlorite (Mg,Fe)5Al(AlSi3O10)(OH)8 

Dolomite CaMg(CO3)2 

Ilmenite FeTiO3 

Magnetite Fe3O4 

Muscovite KAl2((OH)2AlSi3O10) 

Pyrite FeS2 

Quartz SiO2 

Siderite Fe(CO3) 
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