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Executive Summary 

Exxaro Resources Limited (Exxaro) is a South African-based diversified resources company with business 
interest in South Africa, Europe and United States of America. Exxaro is proposing to mine the Turfvlakte coal 
reserves located on the farm Turfvlakte 463. The coal reserves and proposed mining area is located within the 
existing Grootegeluk mining right area. Exxaro appointed Golder Associates Africa (Pty) Ltd (Golder) to carry 
out an Environmental Impact Assessment (EIA) for the proposed Turfvlakte Open Pit Mine Project. 

This report presents the findings of the Geochemistry Study required for the EIA and a Mine Residue Risk 
Assessment required by the Regulations Regarding the Planning and Management of Residue Stockpiles and 
Residue Deposits from a Prospecting, Mining, Exploration or Production Operation (GN R.632 of 2015). The 
following are the findings of the study: 

Softs Overburden  

 The soft overburden material is not potentially acid generating due to low content of sulphur content. The 
non-PAG characteristic was confirmed by kinetic modelling, which indicated that the source of acidity 
(sulphides) is likely to be depleted before neutralisation potential in the softs overburden material. Thus, 
the softs overburden materials are likely to produce near-neutral to alkaline drainage in the long term. 

 The main environmental risks of drainage from the softs overburden are likely to be elevated levels of 
EC, TDS, Cu and Zn, the management of which should drive the pollution control barrier design. 

Hards Overburden 

 The hard overburden material is potentially acid generating. The potential for acidity generation was 
confirmed by kinetic modelling, which indicated that neutralisation potential is likely to be depleted before 
sulphides in the hards overburden material. Thus, the hard overburden material is likely to generate 
acidic drainage in the long term.  

 The main environmental risks of seepage from the hard overburden dump are likely to be low pH and 
elevated levels of Mn, Zn, As, Ni, Co and Cu, the management of which should drive the pollution control 
barrier design. 

Interburden/discard  

 The interburden material is potentially acid generating. The potential for acidity generation was confirmed 
by kinetic modelling, which indicated that neutralisation potential is likely to be depleted before sulphides 
in the interburden material. Thus, the interburden material is likely to generate acidic drainage in the long 
term.  

 The main environmental risk of drainage from the interburden/discard dumps is driven by the discard 
waste stream, with acid rock drainage risk and leachate with elevated levels of EC, sulphate, Al, Fe, Mg, 
Mn, Ni and Zn, but the material will be disposed at Grootegeluk in accordance with existing licensed 
procedures. 

Coal  

 The coal material is non-hazardous, but potentially acid-generating with elevated levels of EC, Mn, Zn 
and sulphate, the management of which should drive the pollution control barrier design. 

Pit 1 and Pit 2 

 The water in Pit 1 and Pit 2 during the mining period is likely to be slightly acidic to near-neutral with 
elevated levels of total dissolved solids, sulphate, aluminium, calcium, iron, magnesium and manganese.  
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 The quality of water in the backfilled pits is expected to be acidic with elevated levels of total dissolved 
solids, sulphate, aluminium, calcium, cobalt, copper, iron, magnesium, manganese, nickel, lead and zinc. 

 The quality of pit water during the operational phase will be influenced mainly by the quality of inflowing 
groundwater, which is high in TDS in the Pit 1 area, and during the post-closure period, the predicted 
groundwater chemistry is well within the observed range in the baseline groundwater. This means that 
the potential pit water qualities cannot be confidently predicted as different to the variation in the baseline 
groundwater quality. 

The following are recommendations from the study: 

 Consideration should be given to separate handling of calcrete in the soft overburden so that this 
material, which is high in neutralisation potential as confirmed by kinetics of the soft overburden, can be 
used in covers for the backfilled pits, and the base of the final void of Pit 1; 

 During trial mining or grade control drilling, samples of different lithologies in the hard overburden should 
be subjected to further acid-base accounting tests to confirm whether they should be precautionarily 
considered to be potentially acid-generating; and 

 The geochemical model should be rerun once further geochemical data is available following trial mining 
(as per previous bullet), and when there is a longer database of groundwater quality from the new 
monitoring boreholes in the Turfvlakte area, and there is a greater degree of confidence in this 
component of the pit water qualities. 

 

 

 



April 2020 1784950-325695-10

 

 
 i

 

Table of Contents 
 

1.0  PROJECT INTRODUCTION AND BACKGROUND .................................................................................. 1 

2.0  SPECIALIST STUDY INTRODUCTION ..................................................................................................... 1 

2.1  Method .............................................................................................................................................. 1 

2.1.1  Introduction ................................................................................................................................... 1 

2.1.2  Sampling ....................................................................................................................................... 3 

2.1.3  Analytical Programme ................................................................................................................... 2 

2.1.3.1  Static tests: .................................................................................................................................... 2 

2.1.3.2  Kinetic tests ................................................................................................................................... 2 

2.1.4  Acid Rock Drainage Assessment .................................................................................................. 2 

2.1.5  Modelling Methodology, Assumptions and Limitations ................................................................. 4 

2.1.6  Mine Residue Risk Assessment ................................................................................................... 5 

2.1.6.1  Introduction ................................................................................................................................... 5 

2.1.6.2  Mine Residue Characterisation ..................................................................................................... 6 

2.1.6.3  Risk Assessment ........................................................................................................................... 8 

3.0  PROJECT DESCRIPTION .......................................................................................................................... 9 

3.1  Location ............................................................................................................................................. 9 

3.2  Mining Operations ........................................................................................................................... 12 

3.3  Other Operations ............................................................................................................................. 12 

3.3.1  Materials and Waste Management ............................................................................................. 12 

3.3.1.1  Topsoil ......................................................................................................................................... 12 

3.3.1.2  Overburden ................................................................................................................................. 12 

3.3.1.3  Interburden .................................................................................................................................. 12 

3.3.1.4  Plant Discard ............................................................................................................................... 12 

3.3.1.5  Hydrocarbon and hazardous waste ............................................................................................ 13 

3.3.1.6  General waste ............................................................................................................................. 13 

3.3.2  Haul Roads ................................................................................................................................. 13 

3.3.3  Access Roads ............................................................................................................................. 13 

3.3.4  Infrastructure Laydown Area ....................................................................................................... 13 

3.3.5  Storm Water Management .......................................................................................................... 13 

3.3.6  Utilities ......................................................................................................................................... 14 



April 2020 1784950-325695-10

 

 
 ii

 

3.3.6.1  Potable Water ............................................................................................................................. 14 

3.3.6.2  Fire Water ................................................................................................................................... 14 

3.3.6.3  Sanitation .................................................................................................................................... 14 

3.3.6.4  Electricity Supply ......................................................................................................................... 14 

3.4  Other Background Information ........................................................................................................ 14 

3.4.1  Topography and Surface Drainage ............................................................................................. 14 

3.4.2  Geology ....................................................................................................................................... 14 

4.0  POLICY LEGAL AND ADMINISTRATIVE FRAMEWORK ...................................................................... 19 

5.0  BASELINE DATA ..................................................................................................................................... 19 

5.1  Initial Conceptual Model .................................................................................................................. 19 

5.2  Data Interpretation .......................................................................................................................... 20 

5.2.1  Introduction ................................................................................................................................. 20 

5.2.2  Environmental Mineralogy .......................................................................................................... 20 

5.2.3  Total Elemental Concentrations .................................................................................................. 21 

5.2.4  Acid-Base Accounting ................................................................................................................. 24 

5.2.5  Particle size distribution .............................................................................................................. 28 

5.2.6  Drainage Chemistry (Short-Term) ............................................................................................... 28 

5.2.6.1  Introduction ................................................................................................................................. 28 

5.2.6.2  Coal ............................................................................................................................................. 33 

5.2.6.3  Hard Overburden / Interburden ................................................................................................... 33 

5.2.6.4  Soft Overburden .......................................................................................................................... 34 

5.2.7  Drainage Chemistry (Long-term) ................................................................................................ 38 

5.2.7.1  Introduction ................................................................................................................................. 38 

5.2.7.2  Hard Overburden/Interburden ..................................................................................................... 38 

5.2.7.3  Soft Overburden .......................................................................................................................... 38 

5.3  Ecotoxicology .................................................................................................................................. 43 

6.0  IMPACT PREDICTION.............................................................................................................................. 43 

6.1  Mass Balance .................................................................................................................................. 43 

6.2  Conceptual Model ........................................................................................................................... 45 

6.3  Geochemical Modelling ................................................................................................................... 45 

6.3.1  Acid Rock Drainage Rates .......................................................................................................... 45 

6.3.2  Pit Water Quality ......................................................................................................................... 47 



April 2020 1784950-325695-10

 

 
 iii

 

6.3.2.1  Operational phase ....................................................................................................................... 47 

6.3.2.2  Closure phase ............................................................................................................................. 47 

6.4  Mine Residue Risk Assessment...................................................................................................... 49 

7.0  CONCLUSIONS ........................................................................................................................................ 56 

8.0  RECOMMENDATIONS ............................................................................................................................. 57 

9.0  REFERENCES .......................................................................................................................................... 57 

10.0  CONCLUDING REMARKS ....................................................................................................................... 59 

 

TABLES 

Table 1: Geochemistry Sample Record ................................................................................................................ 1 

Table 2: Acid Generation Potential Assessment Criteria. .................................................................................... 3 

Table 3: Cut-off values/concentration limits for hazard classes ........................................................................... 7 

Table 4: Description of Turfvlakte geological units (Adapted from table supplied by Exxaro) ........................... 18 

Table 5: Elements enriched in coal, interburden and overburden based on Geochemical Abundance Index. . 22 

Table 6: Statistical summary of Acid Base Accounting Results ......................................................................... 25 

Table 7: Coal, Hard Overburden/Interburden and soft overburden Australian Standard Leach Procedure 
leachate (1:20 solid: liquid ratio) results compared to water quality guidelines and RQO. ................................ 29 

Table 8: Coal, hards/interburden and softs overburden NAG leachate (1:100 solid: liquid ratio) results 
compared to water quality guidelines and RQO. ................................................................................................ 30 

Table 9: Ecotoxicology results ............................................................................................................................ 43 

Table 10: Parameters used in waste mass balance ........................................................................................... 44 

Table 11: Pit volumes and voids ......................................................................................................................... 44 

Table 12: Fate of mineral residues ..................................................................................................................... 44 

Table 13: Fate of mined-out pits ......................................................................................................................... 45 

Table 14: Oxidation rates and time to depletion of sulphide and NP in hards/interburden and softs overburden
 ............................................................................................................................................................................ 46 

Table 15: ROM Stockpile Risk Assessment ....................................................................................................... 50 

Table 16: Hard Overburden (to Dump 6) Risk Assessment ............................................................................... 51 

Table 17: Soft Overburden (to Dump 6) Risk Assessment ................................................................................ 52 

Table 18: Pit A Backfill Risk Assessment ........................................................................................................... 54 

Table 19: Pit B Backfill Risk Assessment ........................................................................................................... 55 

 

FIGURES 

Figure 1: Impact Prediction Methodology, based on BGP (DWAF, 2008). .......................................................... 2 

Figure 2: Location of exploration boreholes sampled for geochemical assessment study .................................. 4 



April 2020 1784950-325695-10

 

 
 iv

 

Figure 3: Flowchart for mine residue characterisation in terms of GN R. 632 of 2015 ........................................ 6 

Figure 4: Flow diagram for waste assessment in terms of GN R. 635 of 2013 .................................................... 7 

Figure 5: Flowchart for mining residue facility environmental risk assessment in terms of GN R. 632 of 2015 .. 8 

Figure 6: Locality Map. ....................................................................................................................................... 10 

Figure 7: Tufvlakte Site Layout. .......................................................................................................................... 11 

Figure 8: Stratigraphy of the Karoo Supergroup in the north-eastern part for the main Karoo Basin and the 
Springbok Flats, Ellisras, Tshipise and Tuli Basins (from Johnson et al., 2006). ............................................... 16 

Figure 9: Turfvlakte Local Geology. .................................................................................................................... 17 

Figure 10: Generalised Stratigraphy of Turfvlakte Project Area (Adapted from figure supplied by Exxaro). ..... 18 

Figure 11: Initial conceptual site model .............................................................................................................. 20 

Figure 12: Mineralogical composition of overburden, interburden and coal materials from Turfvlakte. ............. 21 

Figure 13: Ratios of elemental concentrations in softs overburden against average crustal concentrations .... 23 

Figure 14: Bulk NP, acid potential and net neutralisation potential of samples ................................................. 26 

Figure 15: Plot of paste pH versus net potential ratio (SNPR) of samples. ....................................................... 26 

Figure 16: Plot of net potential ratio (SNPR) versus sulphide sulphur content of samples. ............................... 27 

Figure 17: Plot of NAG pH versus SNPR of samples. ........................................................................................ 27 

Figure 18: Particle size distribution for softs overburden and hards/interburden humidity cell samples. .......... 28 

Figure 19: Classification of coal, hards/interburden and softs overburden ASLP leachate based on pH and 
sulphate levels (modified after INAP, 2010). ...................................................................................................... 35 

Figure 20: Classification of coal, hards/interburden and softs overburden NAG leachate based on pH and 
sulphate levels (modified after INAP, 2010). ...................................................................................................... 36 

Figure 21: Ficklin diagram showing composition of coal, hards/interburden and softs overburden ASLP 
leachate. ............................................................................................................................................................. 37 

Figure 22: Ficklin diagram showing composition of coal, hards/interburden and softs overburden NAG 
leachate. ............................................................................................................................................................. 37 

Figure 23: Variation of pH in humidity cell leachate over time ........................................................................... 39 

Figure 24: Variation of TDS and sulphate production rates in humidity cell leachate over time. ....................... 39 

Figure 25: Variation of calcium and magnesium production rates in humidity cell leachate over time. ............. 40 

Figure 26: Variation of sodium and chloride production rates in humidity cell leachate over time. .................... 40 

Figure 27: Variation acid production and neutralisation potential rates in humidity cell leachate over time. ..... 40 

Figure 28: Ficklin diagram showing composition of humidity cell leachate. ....................................................... 41 

Figure 29: Classification of humidity cell leachate based on pH and sulphate levels (modified after INAP, 
2010). .................................................................................................................................................................. 42 

 

APPENDICES 

APPENDIX A 
Method Statement 

APPENDIX B 



April 2020 1784950-325695-10

 

 
 v

 

Detailed Geochemical Results 

APPENDIX C 
Laboratory Certificates 

APPENDIX D 
Static and Kinetic Test Results from Grootegeluk Discard 

APPENDIX E 
Document Limitations 

APPENDIX F 
Ecotoxicology Report 

 

 

 

 



April 2020 1784950-325695-10

 

 
 1

 

1.0 PROJECT INTRODUCTION AND BACKGROUND 
Exxaro Resources Limited (Exxaro) is a South African-based diversified resources company with business 
interest in South Africa, Europe and United States of America.  

Exxaro manages six coal mines in the Limpopo and Mpumalanga provinces of South Africa. The six mines 
jointly produce 39 Mtpa of power station, steam and coking coal.  Most of the power station coal is supplied to 
Eskom. Semi-coke and related products are produced for the ferroalloys industry. The six managed coal 
mines are:  

 Grootegeluk Coal Mine, Lephalale, Limpopo Province;  

 Leeuwpan Coal Mine, Delmas, Mpumalanga Province;  

 Matla Coal Mine, Kriel, Mpumalanga Province; 

 North Block Coal Operations, Belfast, Mpumalanga Province;  

 Tshikondeni Coal Mine, Musina, Limpopo Province; and  

 Arnot Coal Mine, eMalahleni, Mpumalanga Province (currently under decommissioning, rehabilitation, 
care and maintenance). 

Exxaro is proposing to mine the Turfvlakte coal reserves located on the farm Turfvlakte 463. The coal 
reserves and proposed mining area is located within the existing Grootegeluk mining right area. 

2.0 SPECIALIST STUDY INTRODUCTION 
This report presents the Geochemistry Study for the Environmental Impact Assessment (EIA) for the proposed 
Turfvlakte Open Pit Mine Project.  

2.1 Method 
2.1.1 Introduction 

Golder undertakes work on the environmental impact of mining in South Africa within the framework of the 
Best Practice Guidelines for Water Resource Protection in the South African Mining Industry, (also known as 
“BPG”). The guidelines have been developed by the Department of Water Affairs and are expected to be the 
benchmark against which support information for IWUL, IWWMP, and EIA/EMP applications are assessed. 
With respect to this project, guideline BPG G4 “Impact Prediction” is of relevance. BPG G4 documents and 
defines general strategies, techniques and tools for predicting water impacts on mine sites. It presents a 
methodology for impact prediction which is generally applied in the approach proposed for the geochemistry 
study (DWAF, 2008) – Figure 1. 
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Figure 1: Impact Prediction Methodology, based on BGP (DWAF, 2008) 



April 2020 1784950-325695-10

 

 
 3

 

2.1.2  Sampling 

Samples of overburden (softs and hards), interburden and coal material were selected from bagged 
exploration percussion boreholes drillings chips made available by Exxaro geologists. A total of 33 discrete 
samples were collected from 11 boreholes that were selected to cover spatial variability within the proposed 
Pit areas (Figure 2).  

The discrete samples were sent to UIS laboratory in Pretoria, which is accredited by the South African 
National Accreditation System (SANAS), where they were composited according material and rock type 
(Table 1). It should be emphasised that compositing limits assessment of spatial variability in characteristics of 
materials. However, compositing of samples is appropriate for the purpose of understanding the overall 
geochemical behaviour of different rock types. 
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Figure 2: Location of exploration boreholes sampled for geochemical assessment study 
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Table 1: Geochemistry Sample Record 

Borehole From (m) To (m) Discrete 

sample 

Composite 

sample 

Description 

BH ID TESPES29 41 50 C Bench9 Coal: Bench 9 

BH ID TESPES33 35 44 C 

BH ID TESPES29 58 61 C Bench11 Coal: Bench 11 

BH ID TESPES33 49 55 C 

BH ID TESPES27 26 28 CAS/C CASC Carbonaceous Shale/Coal- 
Interburden 

BH ID TESPES33 29 35 CAS/C 

BH ID TESPES27 1 3 CC CCE Calcrete: Eastern area 

BH ID TESPES30 1 3 CC 

BH ID TESPES33 1 4 CC CCW Calcrete: Western area 

BH ID TESPES38 1 4 CC 

BH ID TESPES44 1 4 CC CCN Calcrete: Northern area 

BH ID TESPES29 23 29 CLA CLA Clay 

BH ID TESPES33 20 23 CLA 

BH ID TESPES27 18 20 CLASH CLASHE Shale with some Clay: Eastern 
area 

BH ID TESPES29 16 23 CLASH 

BH ID TESPES30 23 25 CLASH 

BH ID TESPES33 10 20 CLASH CLASHW Shale with some Clay: Western 
area 

BH ID TESPES38 7 10 CLASH 

BH ID TESPES41 4 14 CLASH CLASHN Shale with some Clay: Northern 
area 

BH ID TESPES44 5 9 CLASH 

BH ID TESPES29 29 32 DBC DBCS Clay: Southern area (Dark 
brown?) 

BH ID TESPES33 23 29 DBC 

BH ID TESPES41 14 16 DBC DBCN Clay: Northern area (Dark 
Brown?) 

BH ID TESPES44 19 25 DBC 

BH ID TESPES33 4 10 SD SD Sand 
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Borehole From (m) To (m) Discrete 

sample 

Composite 

sample 

Description 

BH ID TESPES30 3 12 SD 

BH ID TESPES38 4 7 SD 

BH ID TESPES41 2 4 SD 

BH ID TESPES44 4 5 SD 

BH ID TESPES27 47 60 SS Bench12 Sandstone: Bench 12- Interburden 

BH ID TESPES29 61 72 SS 

BH ID TESPES29 50 58 SS Bench10 Sandstone: Bench 10- Interburden 

BH ID TESPES33 44 49 SS 

 

2.1.3 Analytical Programme 

The analytical programme comprised two stages: 

2.1.3.1 Static tests:  

 Mineralogical determination by X-ray diffraction; 

 Acid base accounting with sulphur and carbon speciation; 

 Whole rock analyses to determine total concentrations of inorganic potential constituents of concern 
(PCOCs; 

 Australian Standard Leach Procedure (ASLP) with the appropriate extractions required for the specific 
disposal options, followed by ICP scan to determine leachable concentrations of inorganic PCOCs, 
including determination of cation and anion concentrations, total dissolved solids and pH; and 

 Net acid generation leach tests followed by ICP scan to determine leachable concentrations of inorganic 
PCOCs after complete oxidation, including determination of cation and anion concentrations, total 
dissolved solids and pH. 

2.1.3.2 Kinetic tests 

Two composite samples, one comprising of soft overburden and the other of hard overburden and interburden 
samples, were subjected to kinetic testing to determine the weathering characteristics of the material. The 
tests were carried out according to ASTM D5744-18. Details of the composite samples submitted for kinetic 
testwork and a description of the method used is presented in APPENDIX B. 

2.1.4 Acid Rock Drainage Assessment 

The screening criteria used in this study to assess the acid rock drainage (ARD) generation potential of the 
spoils, discard, slurry and coal samples was based on guidelines from Price et al. (1997) in conjunction with 
Soregaroli and Lawrence (1997), Morin and Hutt (2007) and MEND (2009), as well as Usher et al. (2003) -  
are summarised in Table 2. 
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Table 2: Acid Generation Potential Assessment Criteria 

Guidelines from Price et al. (1997) and Soregaroli and Lawrence (1997). 

Sulphide sulphur NPR (Bulk NP /AP) Potential for ARD Comments 

<0.3% ---- None No further ARD testing required provided there are no 
other metal leaching concerns. Exceptions: host rock 
with no basic minerals, sulphide minerals that are 
weakly acid soluble. 

>0.3% <1 Likely Likely to be ARD generating. 

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

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

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

Guidelines from Morin and Hutt (2007) and MEND (2009) 

Paste pH NPR Potential for ARD Comments 

<6 <1 Acid generating 
(AG) 

Net acid generating, and already acidic. 

>6 Potentially acid 
generating (PAG) 

Potentially acid generating unless sulphide minerals 
are non-reactive. Thus, samples are net acid 
generating, but not yet acidic.  

<6 and >6 1 ≤ NPR ≤ 2 Uncertain Possibly acid generating if NP is insufficiently reactive 
or is depleted at a rate faster than sulphides. 

>6 >2 Not potentially 
acid generating 
(Non-PAG) 

Not expected to generate acidity i.e. samples are net 
acid neutralizing. 

<6 Theoretically not possible 

Guidelines from Usher et al. (2003). 

Nett Neutralisation Potential Potential for ARD 

< -20 kg CaCO3 eqvt. / tonne Potentially acid generating (PAG) 

> -20 kg and < +20 CaCO3 eqvt. / tonne Uncertain 

> +20 kg CaCO3 eqvt. / tonne Not potentially acid generating (Non-PAG) 
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2.1.5 Modelling Methodology, Assumptions and Limitations 

Geochemical modelling made use of the geochemical code PHREEQC, a computer program for simulating 
chemical reactions and mass- transfer in natural or contaminated water (Parkhurst and Appelo, 1999). 
PHREEQC has the ability to simulate the pertinent processes occurring in aqueous systems such as mixing of 
multiple solutions, precipitation/dissolution of selected solids, redox reactions and adsorption of metals. The 
MINTEQ.V4 geochemical database (Allison et.al., 1991) was used in conjunction with PHREEQC because it 
contains an extensive thermodynamic compilation that is adequate for addressing a broad range of 
geochemical conditions involving both major ions and trace elements.  

Consideration of geochemical controls: The geochemical modelling in PHREEQC included an evaluation 
of metals speciation, redox (Eh), pH, alkalinity, and saturation indices for mineral phases. The effect of 
equilibrium with appropriate atmospheric gases (i.e. carbon dioxide and oxygen) was also evaluated. 
Supersaturated mineral phases that are potential solubility controls were identified and assessed for their 
likelihood to precipitate from the solution. Feasible and credible minerals were allowed to precipitate during 
the simulation resulting in estimated final mine residue seepage quality. 

Use of geochemical modelling to predict seepage qualities essentially requires use of assumptions due to the 
general inability to explicitly define the physical and geochemical characteristics of the complex systems being 
modelled. Thus, assumptions are necessary to account for uncertainties related to differences between 
laboratory and field conditions. The following assumptions are intrinsic to the prediction of water qualities for 
the geochemical modelling: 

 The leachate quality used in the modelling is representative of the mine residue seepage. Input 
seepage qualities were developed using results of the geochemical testing program. Concentrations that 
were recorded as less than detection limit were assumed to be half of the limit value. It was assumed 
that the tested materials are representative of the waste materials in the mine residue facility 

 The leachate qualities were used directly in the modelling, without adjustment. The direct use of 
humidity cell results as input to a water quality introduces uncertainty into the overall predictions. As 
stated in MEND (2009), ‘drainage chemistry depends on both primary mineral reactions and the 
precipitation and dissolution of the resulting secondary minerals. Undeniably these are processes that 
can be controlled by site-specific factors such as climate and the solid–to-liquid contact ratio that is 
imparted by the scale of the laboratory test versus site conditions and development of preferential flow 
paths due to low infiltration rates; 

 It is assumed that full thermodynamic equilibrium is attained. The equilibrium assumption is the 
standard, computational basis of PHREEQC, although kinetic considerations can be taken into account 
should this be deemed critical. On a detailed scale, such equilibrium is unlikely to be the case for all 
chemical components in water. However, geochemical evaluations of natural and mine waters over the 
last few decades have shown that the equilibrium assumption is a powerful tool that in many 
circumstances produces results that accurately describe the nature of the general chemistry of such 
waters; 

 The PHREEQC model is assumed to appropriately simulate chemical reactions and to contain the 

appropriate thermodynamic constants; 

 Precipitation of credible mineral phases may limit dissolved phase concentrations. Geochemical 
model simulations included an evaluation of the potential for mineral controls to limit dissolved phase 
concentrations. Geochemically-credible supersaturated mineral phases were identified and assessed for 
their likelihood to precipitate from the solution. However, lower concentrations may be a result of other 
processes; 
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 Dissolved phase metals concentrations were modelled. Dissolved phase results were applied to 
define input water qualities for geochemical modelling as the dissolved fraction represents the 
geochemically reactive fraction; and 

 The modelled water has uniform density and temperature. 

In addition to the assumptions above, the following site-specific assumptions were also made during the 
geochemical modelling: 

 The modelling was done for un-rehabilitated dumps and backfilled pits as information on rehabilitation 
design was not available at the time of water quality predictions. The conditions inside dumps and 
unsaturated backfill was therefore assumed to be sub-oxic to oxic; 

 It was assumed that the particle sizes that will be reactive in the dumps and pit backfill are similar to 
particle sizes in the humidity cell sample, and oxygen would be fully available throughout the dumps and 
backfilled pits as in the humidity cell, as they would not be rehabilitated. As a result, the concentrations 
from humidity cells used as input data were used as is, without adjustments; and 

 The predictions did not consider variations in water quality due effects of rainfall (flushing of solutes), 
dilution by groundwater and evaporation processes.  

Due to the assumptions and inherent limitations of predictive modelling, results of the modelling should be 
considered an order of magnitude estimates. 

2.1.6 Mine Residue Risk Assessment 

2.1.6.1 Introduction 

The management of mine residues (stockpiles and waste deposits) is governed by regulations under the 
National Environmental Management: Waste Act (Act no. 59 of 2008): Regulations Regarding the Planning 
and Management of Residue Stockpiles and Residue Deposits from a Prospecting, Mining, 

Exploration or Production Operation (GN R.632 of 2015), which provide for the characterisation of mine 
residues (all forms of mine waste and stockpiles) as the basis for a risk assessment. 

When promulgated, GN R.632 of 2015 also provided that the pollution control barrier system be driven by the 
Waste Classification and Management Regulations (GN R.634 - 636 of 2013), based upon the leachable 
and total concentrations of specified constituents of concern. However, GN R.632 of 2015 was amended 21 
September 2018, removing the reference to the Waste Classification and Management Regulations, and 
instead requiring that the pollution control barrier system be driven by a risk assessment based upon the 
geochemical hazard and toxicology of the waste material and the risk of the water resource and other 
receptors. 

In addition to the environmental authorisation, the disposal or stockpiling of mining residues typically requires 
a water use license (WUL) in terms of Section 21(g) of the National Water Act (Act No 36 of 1998): disposing 
of waste in a manner which may detrimentally impact on a water resource. Regulation GN R.704 of 1999 
provides for the protection of the water resource in the context of mining and related activities. The standard 
that is applied by the Department of Water and Sanitation (DWS) in considering the acceptability of a pollution 
control barrier system in this regulatory context is either: 

 A “compliant design”, which the DWS bases on the Waste Classification and Management 
Regulations (GN R.634 - 636 of 2013), notwithstanding these regulations no longer being applicable in 
terms of the amended GN R.632 of 2015; or 

 A “risk-based approach” to pollution control barrier design, per the exchange of memoranda between the 
DWS and the Minerals Council (ref. WULA/1/2016 and EPC/60/16, respectively). 
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If the risk assessment required for the purpose of compliance with GN R.632 of 2015 demonstrates that a 
proposed pollution control barrier provides an acceptable outcome in terms of environmental impact, then it is 
likely that DWS would also accept the proposed pollution control barrier as a risk-based design. Nevertheless, 
the two approvals are independent. 

2.1.6.2 Mine Residue Characterisation 

Golder’s approach to characterisation of mine residues incorporates: 

 Waste characterisation in terms of GN R.632 of 2015, summarised in Figure 3; 

 Waste assessment in term of GN R.635 of 2013 (summarised in Figure 4), since this approach, while no 
longer the driver of pollution control barrier design, provides a useful reference point for engagement with 
the regulator as well as for the development of a “compliant design”, should this prove desirable; and 

 Waste classification in terms of GN R.634 of 2013 (summarised in Table 3), since all waste generators 
must ensure that their waste is within 180 days of generation and re-classified every 5 years and the 
classification is required in terms of SANS10234 (based on the Global Harmonised System) for the 
transport of waste materials. 

 
Figure 3: Flowchart for mine residue characterisation in terms of GN R.632 of 2015 
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Figure 4: Flow diagram for waste assessment in terms of GN R.635 of 2013 

The waste assessment terminology is as follows:   

 LC = means the leachable concentration of a particular contaminant in a waste, following the appropriate leach test 
protocols (Australian Standards AS4439.1, AS4439.2 and 44396.3), expressed as mg/l; 

 TC = means the total concentration of a particular contaminant in a waste, expressed as mg/kg; 

 LCT= means the leachable concentration thresholds for particular contaminants in a waste (LCT0, LCT1, LCT2, 
LCT3); and 

 TCT= means the total concentration thresholds for particular contaminants in a waste (TCT0, TCT1, TCT2). 

 

Table 3: Cut-off values/concentration limits for hazard classes 

Hazard class Cut-off value (concentration limit) % 

Acute toxicity  > 1.0 

Skin corrosion  > 1.0 

Skin irritation  > 1.0 

Serious damage to eyes  > 1.0 

Eye irritation  > 1.0 

Respiratory sensitisation  > 1.0 

Skin sensitisation  > 1.0 

Mutagenicity: 
Category 1 
Category 2 

> 0.1 
> 1.0 
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Hazard class Cut-off value (concentration limit) % 

Carcinogenicity  > 0.1 

Reproductive toxicity  > 0.1 

Target organ systemic toxicity > 1.0 

Hazardous to the aquatic environment > 1.0 

Where specific South African guidance is lacking, classification will take cognisance of European Regulation 
(EC) No. 1272/2008 on the Classification, Labelling and Packaging of Substances and Mixtures (CLP 
Regulation) which adopts, within the European community, the GHS as published by the United Nations 
Social and Economic Council. 

In addition to the hazard classification based upon cut-off values for individual constituents, the aquatic 
whole effluent toxicity testing was used to determine the overall hazard associated with the samples, 
including the synergistic affects that may occur from multiple constituents. 

 

2.1.6.3 Risk Assessment 

Based upon the requirements of Regulations 5 and 9 of GN R.632 of 2015, Golder has developed a 
transdisciplinary framework for mining residue facility environmental risk assessment – see Figure 5. 

 
Figure 5: Flowchart for mining residue facility environmental risk assessment in terms of GN R.632 of 2015 
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The framework includes: 

1) Characterisation of the mining residue waste streams in terms of Regulation 4: 

a) Geochemical characteristics; 

b) Physical characteristics; and 

c) Toxicity. 

2) Aggregation and integration of the mining residue characterisation into the profile of the completed mine 
residue facility; 

3) Waste classification for the purpose of SANS10234 and transportation risk; 

4) Waste assessment as a point of reference; 

5) Determination – using the source-pathway-receptor modelling approach – of the impact on the receiving 
groundwater and surface water environment, considering: 

a) The characterisation of the mining residues; 

b) The vulnerability of the local aquifer(s); 

c) The presence of vulnerable ecosystems; and 

d) The predicted runoff and seepage chemistry, with classification of the predicted mine water in terms 
of baseline water quality, DWAF (1996) water use guidelines and the water quality planning limits 
(WQPL) applicable to the receiving water bodies. 

6) Determination of the impact on biodiversity based upon the impact on groundwater and surface water; 
and 

7) Prevention of pollution in order to satisfactorily mitigate the impact on groundwater and surface water 
and on biodiversity, such prevention measures to potentially include: 

a) The minimisation of runoff and seepage – e.g. through dewatering and compaction; 

b) The interception of runoff and seepage – this is the pollution control barrier system, which may be a: 

- Physical barrier like a liner or stormwater berm, or 

- Pressure barrier created in groundwater by a pumping well, prevents groundwater flow 
and decant, and 

c) The reuse or treatment and release of intercepted mine waters. 

3.0 PROJECT DESCRIPTION 

3.1 Location 
The Turfvlakte Project is situated approximately 30 km north-west of Lephalale, located in the Waterberg 
region (which forms part of the Bushveld region) of the Limpopo Province of South Africa. More specifically, 
the Turfvlakte project is located on the farm Turfvlakte 463 LQ directly south of Grootegeluk Mine (Figure 6).  

A general and typical layout of the project, including position of the pits, haul roads, infrastructure laydown 
area and topsoil stockpile is presented in Figure 7.  

Directly south of the pit is a property border that separates Exxaro-owned land from Eskom-owned land. A 
provincial road close to this boundary traverses the Eskom property in an east-west direction.  
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Figure 6: Locality Map 
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Figure 7: Turfvlakte Site Layout 
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3.2 Mining Operations  
Exxaro is proposing to expand their existing mining operations by extending the opencast mining operation to 
the farm Turfvlakte 463 LQ (Figure 7). The farm is located within the existing Grootegeluk Coal Mine’s Mining 
Right, LP 46 MRC. The opencast operations will consist of two pits, namely Pit 1 and Pit 2. Pit 1 will be 158 ha 
in size and will be 88 m deep, while Pit 2 will be 64 ha and 109 m deep.  

Sufficient coal reserves have been proven to support opencast mining. Due to faulting in the area, Benches 
9A and B and Bench 11 will be at quite shallow depths and high-quality coal can be mined at a favourable 
stripping ratio (Aurecon, 2018).  

Grootegeluk Coal Mine is considering two options for the mining of Pit 1 and Pit 2. The preferred option is to 
mine Pit 1 and then Pit 2 to produce 1.5 million tonnes per annum run of mine (ROM) coal over a period of 
twelve (12) years.  

The alternative option is to mine Pit 2 first and then Pit 1, to produce 3 million tonnes per annum ROM coal 
over a period of seven (7) years.   

The interburden and coal mined from Pit 1 and Pit 2 will be transported to and handled at the existing 
Grootegeluk Coal Mine plants.   

The mining operations will be undertaken 24 hrs, six days a week. 

3.3 Other Operations 
The proposed infrastructure to be established at surface in support of the coal mining operation includes haul 
roads connecting the proposed pits to the existing Grootegeluk Coal Mine operations, laydown area for the 
mine equipment and offices, water management infrastructure (sumps and pipelines), waste management 
area (waste skips), and a sub-station. 

3.3.1 Materials and Waste Management 

The following types of mining related materials and wastes will be handled because of the proposed mining 
activities:  

3.3.1.1 Topsoil  

The topsoil from the open pit areas will be stripped prior to mining and will be stored on a dedicated topsoil 
stockpile located in the north western section of the project area. The topsoil stockpile will be 21 ha in size.  

3.3.1.2 Overburden  

The overburden (material that lies above the coal, such as the hards and softs) generated during the creation 
of the box cuts (first cut into the overburden to access the coal and interburden) will be stockpiled on the existing 
Grootegeluk Coal Mine Dump 6.   

3.3.1.3 Interburden 

The interburden (material that separates the coal seams within strata) will be transported with the coal to the 
existing Grootegeluk Coal Mine plants for further beneficiation.  

3.3.1.4 Plant Discard 

Discard from the beneficiation process will report to a common discard conveyor, which will also include the 
fines discard, from where it will be conveyed to backfill the existing Grootegeluk Coal Mine pit.     
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3.3.1.5 Hydrocarbon and hazardous waste  

Small amounts of hydrocarbon waste, including solid and liquid waste of a petrochemical nature (fuel, grease, 
oil, etc.) as well as other hazardous waste, will be stored in designated skips or drums for recycling or disposal 
at a licenced hazardous waste facility in accordance with existing hazardous waste management procedures 
implemented at Grootegeluk Coal Mine.  

3.3.1.6 General waste  

General waste that includes paper, plastic, glass, etc. will be stored in designated containers for disposal in 
accordance with the Grootegeluk Coal Mine waste management procedures.  

3.3.2 Haul Roads 

The proposed haul roads will be constructed to tie into the existing Grootegeluk Coal Mine haul roads. The haul 
roads will connect the Turfvlakte Pit 1, Pit 2, the infrastructure laydown area, topsoil stockpile with the 
Grootegeluk Coal Mine Dump 6 and the rest of the Grootegeluk Coal Mine operational areas.   

The haul roads have been designed to accommodate large off-highway trucks and will be:  

Dual carriageway;  

Gravel surfaces; and 

38.2 m wide, allowing for 11 m lane widths and 5.4 m wide earth berms on the side and in the centre of the 
road.  

3.3.3 Access Roads 

Access to the Turfvlakte mining area will be via the existing Grootegeluk Coal Mine access gate. The proposed 
new access roads will be constructed to tie into the existing Grootegeluk Coal Mine access roads. The access 
roads will provide access to all the infrastructure areas.   

The access roads have been designed to accommodate light vehicles and will be:  

 Dual directional roads;  

 Gravel surfaces; and  

 10 m wide.  

3.3.4 Infrastructure Laydown Area 

The infrastructure laydown area will be 18 ha and will serve as an area for safe parking, offices and equipment 
storage.  

3.3.5 Storm Water Management  

The storm water management infrastructure will be designed as per the requirements of Regulation 704 under 
the National Water Act to ensure separation of clean and dirty water catchments.   

Cut-off berms and earth canals will be located upstream of the infrastructure areas to divert the clean water run-
off around the dirty infrastructure areas. These canals will integrate into the existing Grootegeluk Coal Mine 
storm water management system. 

The contaminated run-off will be collected in concrete-lined channels that will connect with the existing 
Grootegeluk Coal Mine storm water management system via the pit pumping system that will pump pit water to 
the relevant Grootegeluk water storage facilities for reuse.  
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3.3.6 Utilities 

3.3.6.1 Potable Water  

A potable water tank, with a capacity of 25 m3, will be constructed to supply potable water for the mining 
operations. The potable water will be pumped from the existing Grootegeluk Coal Mine potable water system.   

3.3.6.2 Fire Water 

A fire water tank, with a capacity of 25 m3, will be constructed to supply fire water for the mining operations. The 
fire water will be pumped from the existing Grootegeluk Coal Mine fire water system.   

3.3.6.3 Sanitation 

Sewage from the Turfvlakte operations will be transferred to the existing Grootegeluk Coal Mine for treatment 
at the existing sewage treatment facilities.  

3.3.6.4 Electricity Supply  

A substation will be constructed inside the infrastructure laydown area to supply electricity to the mining 
operations. The substation will be fed from the future Grootegeluk Coal Mine GG1/GG2 33 kV switching station 
as well as directly from the main Eskom 132/33 kV substation. 

    

3.4 Other Background Information 
3.4.1 Topography and Surface Drainage 

The Turfvlakte investigation and surrounding area general topography is described as plains, with slopes that 
vary between 0 and 3%. Altitudes around the Grootegeluk mine vary from 900 to 922 m above mean sea level 
(mamsl), whereas altitudes on Turfvlakte range from 877 to 890 mamsl. The area is generally featureless 
except for Nelsonkop (922 m) in the north and the Waterberg Mountain Range (1 500 m) in the south. 
Drainage appears to be in an east-north-easterly direction towards the Mokolo River and consists mainly of 
dry sandy gullies such as the Sandloopspruit (Golder 2017).  

The Mokolo River is approximately 810 mamsl, while the Turfvlakte investigation area is approximately 
877 mamsl. This results in an almost negligible gradient of 80:21000 m or 0.0038%. General topographical 
drainage appears to be in an east-north-easterly direction towards the Mokolo River. No natural drainage 
channels occur on the Turfvlakte investigation area (Figure 6). Due to the flat topography, highly permeable 
sands and the absence of any surface water drainage courses, the Grootegeluk mining area and Turfvlakte 
project area have limited impact on the surface hydrology of the Mokolo Catchment. 

3.4.2 Geology 

Based on the 1:250 000 Geological Map Series 2326 Ellisras, Council for Geoscience, the regional geology in 
the area is characterised by the igneous and sedimentary rocks of the Karoo Supergroup. The Turfvlakte 
Project is situated on the southern portion of the Limpopo Depression, a relatively small corridor between the 
Limpopo River in the west and the Palala-Pietersburg Plateau in the east (Golder 2017). 

The Turfvlakte Project Area is located on the Waterberg Coal Field and includes all the major units of the 
Karoo Supergroup (Figure 8), comprising from surface of the Stormberg Group, Beaufort Group, Ecca Group 
and the Dwyka group forming the basement.  

The Waterberg Coal Field covers an area of approximately 88 km (east to west) and 40 km north-south. The 
coalfield also extends westward into Botswana. The Waterberg Coal Field is part of the late Palaeozoic to 
early Mesozoic (100 - 200 Ma) Erathems of the Karoo Supper Group. The coalfield is fault-bounded and forms 
a graben structure. The Eenzaamheid Fault forms the southern boundary, with rocks of the Waterberg Group 
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occurring to the south and the Karoo to the north. The northern boundary is delineated by the Zoetfontein 
Fault with Archaean granites outcropping north of the fault (Golder 2017). 

The coal seams of the Waterberg Coal Field occur in the Volksrust and Vryheid Formations of the Karoo 
Super Group. These are also referred to as the Grootegeluk and Goedgedacht Formations, respectively. 

The coalfield is further subdivided by the Daarby Fault that delineates a shallower western part of the 
coalfield, which is suitable for opencast mining and a deep north-eastern part, which is not suitable for 
opencast mining. The Zoetfontein Fault was tectonically active before and during Karoo deposition, while the 
Eenzaamheid and Daarby faults, as most of the other faults in the Waterberg Coalfield, are younger than the 
Karoo Sequence. 

Sedimentation occurred in a shallow east-west striking trough and the general direction of transport was ENE-
WSW. Karoo sediments are deposited on the Waterberg Group in the southern portion of the coalfield, while 
the basement rocks to the north of the Zoetfontein Fault are Archaean rocks. The paleo-floor in the eastern 
portion consists of granite and basic rocks of the Bushveld Igneous Complex. Relatively few dolerite dykes 
outcrop in the south-eastern portion of the coalfield and no sills have been intersected in any of the 
exploration boreholes (Golder 2017). 

Three major geological fault zones intersect the greater study area, i.e. Zoetfontein Fault (to the north of 
Grootegeluk mine), Daarby Fault (north – east trending fault) and Eenzaamheid Fault to the south of 
Turfvlakte, as well as several minor faults and fractures which have been delineated by Exxaro as indicated 
on Figure 9. 
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Figure 8: Stratigraphy of the Karoo Supergroup in the north-eastern part for the main Karoo Basin and the 
Springbok Flats, Ellisras, Tshipise and Tuli Basins (from Johnson et al., 2006) 
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Figure 9: Turfvlakte Local Geology 
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The Turfvlakte Project Area is dominated by the geology of three major Karoo Super Group Formations, 
namely the Volksrust, the Vryheid and the Clarence Formations. The local geology of the Waterberg Coal 
Field as found in the vicinity of the project area is presented in Figure 9. 

The general stratigraphy of the Turfvlakte Project Area consists of weathered formation which is 
approximately 25 to 30 m thick and is made up of topsoil, calcrete, minor ferricrete, a sandy alluvium, 
weathered shale, clay and non-reactive carbonaceous material. A generalized stratigraphy for the Turfvlakte 
project areas is shown in Figure 10 and codes assigned to the different lithologies are presented with 
descriptions in Table 4.  

The overburden overlays minor occurrences of Volksrust Formation coals in the western portion of the project 
area that disappears to the east of the project area. These coal measures are predominately material from what 
is defined as Benches 4 and 5 at Grootegeluk mine. In the eastern portion of the farm, the Vryheid Formation 
lies directly under the overburden. The thickness distribution of the overburden is shown in Figure 10. 

 
Figure 10: Generalised Stratigraphy of Turfvlakte Project Area (Adapted from figure supplied by Exxaro). 

Table 4: Description of Turfvlakte geological units (Adapted from table supplied by Exxaro) 

Geological unit Code Description 

Topsoil SL Completely weathered, cohesive/non-cohesive, upper most part of 
profile 
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Geological unit Code Description 

Calcrete CC Calcareous material forming part of a pedogenic layer with varying 
degrees of hardness and cementation 

Sand SD Loose to moderately cemented (calcified) alluvial sand with abundant 
quartz grains throughout and quartz pebbles and fragments at base  

Clay CLA Very fine grained and powdery, easily moulded when compressed in 
hand, stains hands when wet 

Shale with some Clay CLASH Shale shards and chips in a very fine powdery clay matrix, moulds in 
hand, has overall granular feel when moulded 

Shale S Shale chips of varying degrees of weathering (from very soft to hard), 
minor amounts of clayey matrix material, does not easily mould in hand 

Weathered non-
reactive carbonaceous 
material 

CWM Dark coloured, highly weathered carbonaceous material, clayey and 
mouldable with soft shale chips, material will not spontaneously 
combust 

Carbonaceous 
material 

CM Moderate to slightly weathered carbonaceous material likely to 
spontaneously combust  

Coal C Black, fine grained coal, minimal carbonaceous shale laminae  

Carbonaceous shale CAS Dark grey to black shale with high carbon content 

Carbonaceous 
Shale/Coal 

CAS/C Black to dark grey, closely inter-bedded/laminated coal and 
carbonaceous shale 

Sandstone SS Dark grey to grey, medium to gritty, micaceous sandstone, very hard 
chips 

 

4.0 POLICY LEGAL AND ADMINISTRATIVE FRAMEWORK 
This study was undertaken within the framework of the Best Practice Guidelines for Water Resource 
Protection in the South African Mining Industry “Impact Prediction”. 

The classification and characterisation of the mineral waste streams was conducted according to the 
Characterisation of residue stockpiles and deposits as per the Regulations regarding the planning and 
management of Residue Stockpiles and Residue Deposits from prospecting, mining, exploration or production 

operation (GN R.632 of 24 July 2015)., as amended September 2018. 

5.0 BASELINE DATA 

5.1 Initial Conceptual Model  
An initial conceptual model was prepared from an understanding of the Turfvlakte stratigraphy (see section 
3.4.2 above), and available borehole logs, see Figure 11. 
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Figure 11: Initial conceptual site model 

5.2 Data Interpretation 
5.2.1 Introduction 

Following the sampling and analytical programmes described in sections 2.1.2 above and 2.1.3 above, the 
results were interpreted. 

Although no fresh discard will be available from Turfvlakte until production has commenced, the geochemical 
risk of discard from the adjacent Grootegeluk Pit has been previously evaluated (Golder report No. 1528677-

313737-2_Rev. 2, May 2017, see APPENDIX D). 

5.2.2 Environmental Mineralogy 

Detailed mineralogical results are provided in APPENDIX C and summarised in Figure 12. It should be noted 
that the carbonaceous phases (organic matter or macerals) is represented by the phase “Organic C” in coal 
and interburden samples (Figure 12). 

Pyrite occurred as an accessory1 phase (1.4 - 1.8%) in coal from bench 9 and bench 11, was a rare phase in 
the interburden and softs overburden samples and was not detected in humidity cell composite samples TFR 
interburden-HC and TFR softs overburden-HC. Gypsum (Ca(SO4) 2H2O), a hydrated sulphate mineral, 
occurred as an accessory phase in sandstone from bench 10 and carbonaceous shale interburden samples 
indicating oxidation of pyrite before analyses. 

 
1 Semi-quantitative classification of mineral phases: dominant (>40% of the mineral fraction), major (10-40%), minor (2-10%), accessory (1-2%) and rare (<1%) 

Grootegeluk 

product 

    Bench 12 
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This mineral precipitate from sulphate-rich solutions, acting as temporary sinks for dissolved metals, 
frequently dissolving again during rainfall events as it is highly soluble (MEND, 2009). 

Calcite was identified as a major phase in sand and calcrete samples from the eastern and northern area; was 
a minor phase in humidity cell overburden sample (TFR Softs Overburden-HC) and was a rare phase in the 
other samples, including the humidity cell discard sample (TFR Hards/Interburden-HC). Dolomite and siderite 
were rare phases in all samples. 

Kaolinite was a major to dominant phase, and muscovite was a minor phase in all samples. Feldspar mineral 
microcline was a rare to accessory phase, whilst plagioclase was an accessory phase in coal and interburden 
samples. The feldspars were not detected in softs overburden samples. Smectite was a rare phase in softs 
overburden samples and was not detected in coal and hards/interburden samples. 

The bulk of the neutralisation capacity in the softs overburden, coal and hards/interburden materials is 
expected to be provided by carbonates (dolomite and calcite), which are fast-reacting (dissolving) buffering 
minerals; and silicate minerals though at a slow rate as they are slow to very slow weathering minerals. While 
siderite is a carbonate mineral, it does not have a net neutralisation capacity under aerobic conditions due to 
the oxidation and hydrolysis of iron, which produces equivalent acidity to that consumed by carbonates 
(MEND, 2009). 

 
Figure 12: Mineralogical composition of overburden, interburden and coal materials from Turfvlakte 

5.2.3 Total Elemental Concentrations 

Detailed results of total element concentrations in Turfvlakte coal, hards/interburden and softs overburden 
samples are provided in APPENDIX B. 
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The extent of element enrichment in samples of the different materials was assessed using the geochemical 
abundance index (GAI). GAI compares the measured concentration of an element with the estimated median 
crustal abundance after Fortescue (1992) and Price (1997), using the equation: 

𝐺𝐴𝐼 𝑙𝑜𝑔 𝐶𝑛 1.5 𝐵𝑛⁄   

Where 𝐶𝑛  is the concentration of the element in the sample and Bn is the crustal abundance of that element.  

The GAI is expressed in integer increments from 0 through to 6, where a GAI of 0 indicates the element is 
present at a concentration similar to or less than the crustal abundances; GAI of 3 corresponds to a 12-fold; 
and so forth, up to a GAI of 6, which indicates a 96-fold or greater enrichment above the median crustal 
abundances. 

The elements that were found to be enriched in samples of coal, hards/interburden and softs overburden 
material are summarised in Table 5. Element enrichment was also assessed for Turfvlakte softs overburden 
materials using ratios of elemental concentrations against average crustal concentrations Figure 13. 

Table 5: Elements enriched in coal, interburden and overburden based on Geochemical Abundance Index 

Material 

Type 

Composite 

sample ID 
 Rock Name 

Elements with GAI > 0 (Elements with GAI ≥3 are highlighted in 

bold) 

Coal 
Bench9 

Coal 
Ag, As, Bi, C, Mo, Pt, S, Sb, Se, Te 

Bench11 Ag, As, Bi, C, Li, Mo, Pt, S, Se, Te, W 

Hard 
Overburden
/ 
Interburden  

Bench10 
Sandstone 

Ag, As, Bi, C, Hf, Li, Mo, Pt, S, Se, Sn, Te, W, Zr 

Bench12 Ag, As, Bi, C, Hf, Li, Mo, Pt, S, Se, Te, W 

CASC 
Carbonaceous 
Shale/Coal 

Ag, B, Bi, C, Hf, Li, Mo, Pb, Pt, S, Sb, Se, Sn, Te, W 

TFR Hards/Interburden-HC* Ag, As, Bi, C, Hf,  Li, Mo, Pt, S,  Se, Te, W 

Softs 
Overburden 

CCE 

Calcrete 

Ba, Bi, C, Ca, La, Mo, Pt, Se, Te 

CCW Bi, C, Ca, Mo, Pt, Se, Te 

CCN Bi, C, Ca, Mo, Pt, S, Se, Te 

CLA Clay Ag, As, B, Be, Bi, C, Hf, Li, Mo, Pb, Pt, Sb, Se, Sn, Te, W 

CLASHE 

Shale with 
some Clay 

Ag, As, B, Be, Bi, C, Hf, Li, Mo, Pb, Pt, Sb, Se, Sn, Te, U, W 

CLASHW Ag, As, B, Bi, C, Hf, Mo, Pb, Pt, Sb, Se, Sn, Te, W 

CLASHN Ag, As, B, Bi, C, Hf, Li, Mo, Pb, Pt, Sb, Se, Sn, Te, U, W 

DBCS Dark brown 
Clay 

Ag, As, B, Ba, Be, Bi, C, Hf, Li, Mo, P, Pb, Pt, Sb, Se, Sn, Te, U, W, Zr 

DBCN Ag, As, B, Ba, Ba, Bi, C, Hf, Li, Mo, Pb, Pt, Sb, Se, Te, W 

SD Sand As, Bi, C, Ce, La, Mo, Pt, Sb, Se, Te, Th, Y 

TFR Softs Overburden-HC* Ag, As, B, Bi, C, Ce, Hf, Li, Mo, Pt, Sb, Se, Te, W 
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*Humidity cell composite sample 

The following are elemental enrichments (in order of abundance) in the different materials: 

 Coal: carbon, molybdenum, bismuth, tellurium, sulphur, selenium, silver, arsenic, tungsten and hafnium; 

 Hards/Interburden: carbon, bismuth, molybdenum, tellurium, sulphur, selenium, tungsten, silver, arsenic, 
hafnium and lithium; and 

 Softs Overburden: molybdenum, carbon, bismuth, tellurium, selenium, lanthanum, tungsten, antimony, 
sulphur, uranium, arsenic, boron, silver, tin, calcium, yttrium, lead, lithium, barium, cerium and hafnium.  

These elements are potential constituents of concern in drainage from overburden, discard and RoM 
stockpiles as they occur in sulphide and carbonate minerals, which are very reactive.  

 
Figure 13: Ratios of elemental concentrations in softs overburden against average crustal concentrations  
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5.2.4 Acid-Base Accounting 

The ABA results of coal, hards/interburden and softs overburden samples are summarised in Table 6 - 
detailed results are provided in APPENDIX B and laboratory certificates in APPENDIX C. 

The content of total sulphur was high in coal (2.1-2.5%) and was moderate to high in hards/interburden (0.42 -
1.1%), including in the humidity cell sample (TFR Hards/Interburden-HC). The total sulphur content was low in 
overburden (0.008 - 0.17%), including in the humidity cell composite sample (TFR softs overburden-HC). 
Similar trends were observed for sulphide sulphur (Table 6). The sulphate sulphur and organic sulphur content 
was low in all samples apart from coal where organic sulphur content was moderate. 

Bulk neutralisation potential (Bulk NP) was low in samples of coal (7.2 - 15 kg CaCO3 eqv/t) and 
hards/interburden (0.87 - 13 kg CaCO3 eqv t-1), including in the humidity cell composite sample; and was 
highly variable in samples of softs overburden materials (4.8 - 463 kg CaCO3 eqv t-1). The very high Bulk NP 
values were recorded in samples of calcrete and sand. The carbonate based NP (CaNP) for the two samples 
of coal (175 - 192 kg CaCO3 eqv t-1) and two interburden samples (7.5 and 50 kg CaCO3 eqv t-1) was much 
higher than the Bulk NP suggesting that siderite represented a significant proportion of total carbonates in the 
samples. However, siderite was not detected by XRD method in these samples. Siderite has limited 
neutralising capacity under oxidising field conditions as ferrous iron is an extra source of acidity due to the 
strong hydrolysis of the ferrous iron in solution (MEND, 2009).  

The paste pH was acidic in coal (average pH=5.8, Std. Dev. = 0.27) and hards/interburden samples (average 
pH=6.0, Std.Dev. = 0.87) indicating that the samples had insufficient reactive NP to buffer acidity generated by 
the initial oxidation of sulphides during the testing procedure. The paste pH was near-neutral to alkaline 
(6.6≤pH≤8.3) in softs overburden samples confirming the variable NP in overburden samples. However, the 
TAP was less than the Bulk NP in all softs overburden samples. The TAP exceeded Bulk NP in coal and 
hards/interburden samples resulting in negative net neutralisation potential values indicative of insufficient 
buffering capacity in the materials (Figure 14). 

Either sulphide sulphur or total sulphur content can be used to estimate AP and classify ARD potential. 
Although classification of samples’ AP based on total sulphur content is considered to be conservative, 
classification using sulphide sulphur is preferred for coal or carbonaceous-bearing sediment samples, due to 
the presence of organic sulphur in coal. 

Classification of acid rock drainage (ARD) potential show that all coal and hards/interburden samples, 
including the humidity cell composite, are potentially acid generating (PAG), whilst all softs overburden 
samples are not potentially acid generating per the guidelines of Morin and Hutt (2007) and MEND (2009) 
(Figure 15). The guidelines of Price et al. (1997) and Soregaroli and Lawrence (1997) (Figure 16) although 
classification according to NAG pH and NPR suggested that half of the softs overburden samples classified as 
having uncertain acid generating potential (Figure 17). 
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Table 6: Statistical summary of Acid Base Accounting Results  

Material Type Parameter 
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Classification of ARD potential 

based on TNPR 

s.u. % kg CaCO3 eqv/t No units PAG5 Uncertain Non-PAG5 

Coal 

Minimum 

2 

5.5 2.1 1.5 0.007 0.63 40 2.1 38 7.2 175 46 66 -39 -65 0.16 0.11 

2 0 0 
Average 5.8 2.3 1.5 0.036 0.78 44 2.3 41 11 192 47 73 -36 -62 0.23 0.15 

Maximum 6.0 2.5 1.5 0.064 0.94 47 2.5 45 15 209 48 79 -34 -59 0.30 0.18 

Std.Dev 0.27 0.22 0.034 0.029 0.15 3.9 0.20 3.7 3.7 17 1.1 6.7 2.7 3.0 0.074 0.038 

Hard 
Overburden/ 
Interburden  

Minimum 

3 

5.3 0.42 0.21 0.010 0.060 4.8 0.090 4.7 0.94 7.5 6.6 13 -25 -33 0.036 0.028 

3 0 0 
Average 6.0 0.67 0.48 0.025 0.16 9.9 0.26 9.6 5.3 22 15 21 -9.7 -16 0.47 0.34 

Maximum 7.2 1.1 0.84 0.048 0.24 19 0.60 18 13 50 26 34 0.78 -2.6 1.1 0.83 

Std.Dev 0.87 0.30 0.26 0.016 0.077 6.2 0.24 5.9 5.5 20 8.2 9.3 11 13 0.43 0.35 

TFR Hards/Interburden-HC* 1 6.0 0.42 0.34 0.032 0.053 13 0.66 12 0.87 55 10 13 -10 -12 0.083 0.066 1 0 0 

Soft 
Overburden 

Minimum 

10 

6.6 0.008 0.001 0.008 0.005 0.21 0.003 0.19 4.8 0.25 0.031 0.3 4.8 4.1 77.3 4.6 

0 0 10 
Average 7.4 0.041 0.002 0.012 0.031 1.7 1.3 0.32 125 111 0.053 1.3 125 124 1959 156 

Maximum 8.3 0.17 0.004 0.020 0.16 5.3 5.1 0.58 463 426 0.13 5.4 463 462 7410 659 

Std.Dev 0.56 0.047 0.0009 0.003 0.046 1.8 1.9 0.14 165 155 0.028 1.5 165 165 2447 230 

TFR soft overburden-HC* 1 7.3 0.012 0.0020 0.0063 0.0032 1.1 0.76 0.31 65 64 0.063 0.36 65 64 1034 180 0 0 1 

Notes 
1Bulk NP is NP measured by Sobek titration. CaNP is NP calculated on the basis of inorganic carbon LECO analysis. Measured NP is used for the NPR calculation   
2SAP - acid potential based on sulphide sulphur; TAP - acid potential based on the total sulphur content           3SNNP - the difference between bulk NP and SAP; TNNP - the difference between bulk NP and TAP  
4SNPR - Ratio of SAP and bulk NP; TNPR - Ratio of TAP and bulk NP          5PAG – Potentially acid generating; Non-PAG – not potentially acid generating  
* Humidity cell composite sample
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Figure 14: Bulk NP, acid potential and net neutralisation potential of samples  

 
Figure 15: Plot of paste pH versus net potential ratio (SNPR) of samples 
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Figure 16: Plot of net potential ratio (SNPR) versus sulphide sulphur content of samples 

 
Figure 17: Plot of NAG pH versus SNPR of samples 
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5.2.5 Particle size distribution 

Particle size distributions for softs overburden and hards/interburden humidity cell samples are summarised in 
Figure 18 and detailed laboratory results are provided in APPENDIX C. The particle size distribution shows 
that 74% of the particles in the hards/interburden humidity cell sample, and 79% of particles in the softs 
overburden sample were less than 3.35 mm, with most occurring in the sand range (0.05 - 2 mm diameter). 

 
Figure 18: Particle size distribution for softs overburden and hards/interburden humidity cell samples 

5.2.6 Drainage Chemistry (Short-Term) 

5.2.6.1 Introduction 

Australian Standard leaching procedure (ASLP) and net acid generation (NAG) leach tests were carried out 
on coal, hards/interburden and softs overburden samples, in order to obtain indications of the potential 
drainage quality and potential constituents of concern (PCOC) from ore stockpiles, hards dump, softs dump, 
interburden/discard dumps and backfilled open pits at Turfvlakte. These short-term leach tests measure 
readily soluble components of geological materials but do not predict long term water quality. Water-rock 
interactions often develop over periods of time that are much greater than can be represented in an 18 to 24-
hour extraction test (INAP, 2010).  

Leachate generated by net acid generation (NAG) leach test represents complete and instantaneous oxidation 
and leaching of all reactive minerals. This test was done to assess the maximum (worst case) quality of 
drainage from the different facilities. Under field conditions, sulphide oxidation and release of elements will 
occur gradually and concentrations in mine drainage are expected to be lower than NAG leachate chemistry 
at any given time.  

The ASLP and NAG leach tests results are summarised and compared against DWAF (1996) water quality 
standards (Table 7 and Table 8) – full results are available in APPENDIX B. The results are also screened 
against DWS (2017) resource quality objectives (RQO) for Sandloop quaternary.  
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Table 7: Coal, Hard Overburden/Interburden and soft overburden Australian Standard Leach Procedure leachate (1:20 solid: liquid ratio) results compared to water quality guidelines and RQO. 

Potential constituent 

of concern 
Units 

South African DWAF (1996) water 

RQO for 

Sandloop 

quaternary 

Coal Hard Overburden/Interburden Soft Overburden 

Domestic 

Use 
Livestock Irrigation 

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Coal Sandstone 

C
ar

b
o

n
ac

e
o

u
s 

S
h

al
e/

C
o

al
 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

pH s.u 6-9 ng 6.5-8.4 6.5-8.5 7.6 7.4 8.1 4.5 5.7 8.3 8.7 8.4 7.9 8.1 8.1 8.2 7.2 7.8 8.5 

TDS mg/l 450 1000 ng ng 508 272 84 86 160 81 74 170 250 160 138 114 170 58 110 

Electrical Conductivity mS/m ng ng 40 ≤ 55 67 42 14 14 23 11 11 22 35 22 19 14 24 7.5 15 

Sulphate mg/l 200 1000 ng ng 298 148 31 60 84 8.7 10 18 95 42 36 15 39 7.6 12 

Fluoride mg/l 1 2 2 ng 0.32 0.30 0.74 0.17 0.09 0.45 0.74 0.43 1.3 1.0 0.42 0.31 0.57 0.54 0.35 

Chloride mg/l 100 1500 ng ng 1.4 1.7 5.2 3.7 12 0.28 0.69 23 38 23 21 8.3 23 3.3 5.0 

Nitrate mg/l 6 ng ng ≤ 0.1 <0.1 <0.1 <0.1 <0.1 0.14 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

Aluminium mg/l 0.15 5 5 ≤ 0.062 0.0051 0.00093 0.24 0.0087 0.0066 <0.001 0.14 <0.001 0.0070 0.0056 3.8 <0.001 <0.001 0.0070 0.0037 

Arsenic mg/l 0.01 1 0.1 ng 0.0025 0.0022 0.25 0.0016 0.017 0.0082 0.17 0.0052 0.015 0.0031 3.9 0.012 0.0062 0.0074 0.0055 

Boron mg/l ng 5 0.5 ng 0.033 0.032 0.035 0.051 0.11 0.036 0.019 0.084 0.065 0.033 0.015 0.065 0.059 0.098 0.050 

Beryllium mg/l ng 0.1 ng ng <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Calcium mg/l 32 1000 ng ng 96 46 24 15 21 18 15 17 33 21 13 5.7 22 6.5 12 

Cadmium mg/l 0.005 0.01 0.01 ng <0.0001 0.000069 <0.0001 0.0010 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.00011 <0.0001 

Cobalt mg/l ng 1 0.05 ≤ 0.05 0.017 0.020 0.0029 0.12 0.0063 0.0041 0.0034 0.0036 0.0036 0.0047 0.0033 0.0055 0.0035 0.0050 0.0031 

Copper mg/l 1 0.5 0.2 ≤ 0.0048 <0.001 <0.001 <0.001 0.0080 <0.001 0.0026 0.00065 <0.001 <0.001 <0.001 0.0029 <0.001 0.011 0.034 <0.001 

Iron mg/l 0.1 10 5 ≤ 0.1 0.00056 0.0019 0.0040 0.10 0.0045 0.84 0.011 0.0081 0.030 0.089 0.11 0.029 0.40 0.70 0.74 

Mercury mg/l 0.001 0.001 ng ng <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Potassium mg/l 50 ng ng ng 1.1 1.4 1.6 1.8 2.2 2.4 1.6 2.4 2.5 2.3 1.4 1.0 6.9 1.6 2.0 

Lithium mg/l ng ng 2.5 ng 0.0063 0.018 0.0081 0.042 0.026 <0.001 <0.001 0.0017 0.0059 0.0034 <0.001 0.0014 0.018 0.013 0.0032 

Magnesium mg/l 30 500 ng ng 30 19 3.2 4.3 6.9 1.9 6.8 11 11 7.1 7.1 4.5 10 3.5 6.9 

Manganese mg/l 0.05 10 0.02 ≤ 0.15  1.4 1.3 0.011 0.71 0.19 0.020 <0.001 <0.001 <0.001 0.0043 <0.001 <0.001 0.023 0.033 0.0047 

Molybdenum mg/l ng 0.01 0.01 ng <0.001 0.00093 0.035 <0.001 <0.001 0.0014 0.0012 0.00093 0.0035 0.016 0.0041 0.00082 0.0022 0.0016 0.0011 
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Potential constituent 

of concern 
Units 

South African DWAF (1996) water 

RQO for 

Sandloop 

quaternary 

Coal Hard Overburden/Interburden Soft Overburden 

Domestic 

Use 
Livestock Irrigation 

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Coal Sandstone 

C
ar

b
o

n
ac

e
o

u
s 

S
h

al
e/

C
o

al
 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

sodium mg/l 100 2000 70 ng 1.6 2.1 3.2 3.2 7.4 1.4 2.5 14 19 11 20 18 14 10 8.7 

Nickel mg/l ng 1 0.2 ≤ 0.07 0.033 0.074 0.0057 0.33 0.0096 0.0076 0.0058 0.0060 0.0074 0.0069 0.0055 0.0052 0.0092 0.010 0.0050 

Lead mg/l 0.01 0.1 0.2 ≤ 0.0057 <0.001 0.0012 <0.001 0.0022 0.00084 0.00063 <0.001 <0.001 <0.001 0.00097 <0.001 <0.001 0.0067 0.025 <0.001 

Selenium mg/l 0.02 50 0.02 ng 0.0021 0.0016 0.00053 <0.001 0.0035 0.0012 0.0035 <0.001 0.0028 <0.001 0.010 0.00063 0.00064 0.0050 0.0028 

Uranium mg/l ng ng 0.01 ng 0.00018 0.000076 0.00015 <0.0001 <0.0001 0.00023 0.00018 0.00030 0.00017 0.000082 0.00010 0.000079 0.00051 0.0012 0.00021 

Vanadium mg/l 0.1 1 0.1 ng <0.001 <0.001 0.0058 <0.001 <0.001 0.014 0.10 0.077 0.0045 0.0051 0.058 0.046 0.0032 0.056 0.044 

Zinc mg/l 3 20 1 ≤ 0.002  0.071 0.075 0.030 0.58 0.072 0.097 0.025 0.017 0.055 0.046 0.023 0.022 0.23 0.090 0.033 

Notes 

ng- no guideline;  

blue background – exceeds DWAF guideline for domestic use 

brown background – exceeds DWAF guidelines for livestock and domestic use  

green background – exceeds DWAF guidelines for irrigation and domestic use  

Bold exceed RQO for Sandloop quaternary 
 

Table 8: Coal, hards/interburden and softs overburden NAG leachate (1:100 solid: liquid ratio) results compared to water quality guidelines and RQO. 

Potential constituent 

of concern 
Units 

South African DWAF (1996) water 

quality guidelines (SAWQG) 

RQO for 

Sandloop 

quaternary 

Coal Hard Overburden/Interburden Soft Overburden 

Domestic 

Use 
Livestock Irrigation 

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Coal Sandstone 
C

ar
b

o
n

ac
e

o
u

s 
S

h
al

e/
C

o
al

 
Calcrete Clay Shale with some Clay Dark brown Clay Sand 

pH s.u 6-9 ng 6.5-8.4 6.5-8.5 2.1 2.1 2.9 2.3 2.3 7.0 7.2 7.1 5.4 4.3 4.1 4.4 4.4 4.1 6.3 

TDS mg/l 450 1000 ng ng 1070 916 348 386 446 370 372 392 310 208 268 228 250 268 320 

Electrical Conductivity mS/m ng ng 40 ≤ 55 166 128 64 59 62 48 52 51 42 31 31 31 30 30 44 

Fluoride mg/l 1 2 2 ng <0.1 <0.1 0.17 0.15 <0.1 0.32 0.28 0.16 0.14 0.15 <0.1 <0.1 0.22 0.14 0.13 

Chloride mg/l 100 1500 ng ng 7.0 6.8 7.3 4.9 <0.25 4.8 0.26 <0.25 9.8 6.7 0.28 3.3 5.2 6.5 <0.25 
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Potential constituent 

of concern 
Units 

South African DWAF (1996) water 

quality guidelines (SAWQG) 

RQO for 

Sandloop 

quaternary 

Coal Hard Overburden/Interburden Soft Overburden 

Domestic 

Use 
Livestock Irrigation 

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Coal Sandstone 

C
ar

b
o

n
ac

e
o

u

s 
S

h
al

e/
C

o
al

 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

Nitrate as N mg/l 6 ng ng ≤ 0.1 25 15 <0.1 6.0 <0.1 0.14 0.15 <0.1 <0.1 <0.1 0.12 1.4 4.7 0.095 0.20 

Sulphate mg/l 200 1000 ng ng 477 431 147 259 107 17 17 16 32 14 9.4 6.5 16 15 16 

Aluminium mg/l 0.15 5 5 ≤ 0.062 3.1 3.8 4.8 4.4 10 0.082 0.28 0.028 0.55 1.2 1.1 1.1 1.9 1.9 0.11 

Arsenic mg/l 0.01 1 0.1 ng 0.049 0.094 0.035 0.037 0.014 0.061 0.011 0.016 0.023 0.010 0.0055 0.0070 0.043 0.010 0.0038 

Boron mg/l ng 5 0.5 ng 0.27 0.23 0.26 0.26 0.53 0.13 0.14 0.17 0.22 0.20 0.20 0.20 0.18 0.24 0.15 

Beryllium mg/l ng 0.1 ng ng 0.014 0.021 0.0069 0.0078 0.042 <0.001 <0.001 <0.001 0.0026 0.0081 0.0044 0.0031 0.012 0.012 <0.001 

Calcium mg/l 32 1000 ng ng 54 21 43 17 23 49 47 44 25 14 8.8 12 16 8.2 33 

Cadmium mg/l 0.005 0.01 0.01 ng 0.0031 0.0017 0.0014 0.0012 0.0010 <0.0001 0.000433 <0.0001 0.000106 0.000258 <0.0001 0.000123 0.000175 <0.0001 <0.0001 

Cobalt mg/l ng 1 0.05 ≤ 0.05 0.089 0.095 0.11 0.087 0.018 0.037 0.015 0.013 0.008 0.014 0.012 0.034 0.0080 0.016 0.024 

Copper mg/l 1 0.5 0.2 ≤ 0.0048 0.29 0.38 0.25 0.26 0.33 0.019 0.016 0.019 0.042 0.046 0.022 0.032 0.076 0.074 0.0090 

Iron mg/l 0.1 10 5 ≤ 0.1 129 132 4.2 27 29 0.10 0.26 0.032 0.19 0.33 0.25 0.26 0.51 0.35 0.081 

Mercury mg/l 0.001 0.001 ng ng <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 0.00011 0.00023 <0.0001 <0.0001 0.00029 0.00027 <0.0001 

Potassium mg/l 50 ng ng ng 1.0 1.4 1.2 1.1 2.3 2.9 3.5 2.3 1.4 1.3 1.8 1.2 1.5 1.3 2.6 

Lithium mg/l ng ng 2.5 ng 0.0073 0.014 0.033 0.020 0.021 0.0045 0.0061 0.0089 0.020 0.019 0.011 0.012 0.012 0.0098 0.0051 

Magnesium mg/l 30 500 ng ng 17 9.1 8.3 2.2 4.1 3.6 13 11 5.9 4.0 4.7 6.0 4.5 4.0 9.2 

Manganese mg/l 0.05 10 0.02 ≤ 0.15 0.79 0.51 0.70 0.24 0.34 2.4 0.30 0.68 0.32 0.22 0.43 0.95 0.16 0.61 1.37 

Molybdenum mg/l ng 0.01 0.01 ng 0.010 0.018 0.017 0.11 0.0075 0.0050 0.0039 0.0044 0.0051 0.011 0.0044 0.0048 0.0073 0.0045 0.0042 

Sodium mg/l 100 2000 70 ng 47 49 49 48 48 47 43 51 51 50 51 52 45 49 49 

Nickel mg/l ng 1 0.2 ≤ 0.07 0.19 0.55 0.25 0.55 0.070 0.090 0.018 0.023 0.028 0.031 0.024 0.034 0.032 0.024 0.040 

Lead mg/l 0.01 0.1 0.2 ≤ 0.0057 0.033 0.16 0.013 0.033 0.014 0.00075 0.00085 <0.001 0.0076 0.013 0.0083 0.0088 <0.001 <0.001 <0.001 

Selenium mg/l 0.02 50 0.02 ng 0.015 0.0099 0.00024 0.0071 0.013 0.0 0.0019 0.0 0.0068 0.0037 0.0017 0.0065 0.0089 0.0062 -0.00038 

Uranium mg/l ng ng 0.01 ng 0.0034 0.0035 0.0019 0.0013 0.010 0.00016 0.00021 0.00022 0.0011 0.0014 0.00066 0.00070 0.0099 0.0016 0.00069 

Vanadium mg/l 0.1 1 0.1 ng 0.036 0.055 0.068 0.035 0.10 0.11 0.14 0.13 0.19 0.19 0.15 0.13 0.12 0.50 0.13 
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Potential constituent 

of concern 
Units 

South African DWAF (1996) water 

quality guidelines (SAWQG) 

RQO for 

Sandloop 

quaternary 

Coal Hard Overburden/Interburden Soft Overburden 

Domestic 

Use 
Livestock Irrigation 

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Coal Sandstone 

C
ar

b
o

n
ac

e
o

u

s 
S

h
al

e/
C

o
al

 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

Zinc mg/l 3 20 1 ≤ 0.002 1.1 0.74 1.4 1.4 2.2 0.14 0.25 0.11 0.21 0.25 0.18 0.18 0.19 5.7 0.15 

Notes 

ng- no guideline;  

blue background – exceeds DWAF guideline for domestic use 

brown background – exceeds DWAF guidelines for livestock and domestic use  

green background – exceeds DWAF guidelines for irrigation and domestic use  

Bold exceed RQO for Sandloop quaternary 
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5.2.6.2 Coal 

The ASLP leachate results show that the quality of the drainage from coal materials is likely to be near-neutral 
drainage with low metal content upon first exposure to rainfall (Figure 19 and Figure 21). The following 
constituents in Table 7 are likely to be elevated in short-term drainage (upon first exposure to rainfall) from 
coal materials at Turfvlakte:  

 The levels of total dissolved solids, sulphate, calcium and manganese are likely to exceed domestic use 
and irrigation (manganese) water quality guidelines; 

 The electrical conductivity levels are likely to exceed the irrigation water quality guideline and RQO limit 
for Sandloop quaternary; and 

 The levels of zinc are likely to exceed the RQO limit. 

The NAG results indicate that coal materials exposed for prolonged time (complete oxidation) could produce 
acid rock drainage with high metal content (Figure 20 and Figure 22).  

The following constituents are likely to be elevated and are potential constituents of concern in drainage from 
coal (Table 8): 

 The levels of iron and lead are likely to exceed domestic use, irrigation and livestock water quality 
guidelines as well as the RQOs limit for Sandloop quaternary;  

 The pH (acidic) and levels of manganese are likely to exceed domestic use and irrigation water quality 
guidelines as well as RQO limits; 

  Total dissolved solids levels are likely to exceed domestic and livestock water quality guidelines;  

 The levels of electrical conductivity, cobalt, copper, molybdenum and nickel are likely to exceed irrigation 
water quality guidelines as well as RQO limits (apart from nickel); and 

 Nitrate, sulphate, aluminium, arsenic and calcium are likely to exceed domestic use water quality 
guidelines; and zinc is likely to exceed the RQO limit.  

5.2.6.3 Hard Overburden / Interburden 

The ASLP leachate results show that the quality of the drainage from the hards/interburden materials is likely 
to be near-neutral to acid rock drainage with low metal content upon first exposure to rainfall (Figure 19 and 
Figure 21). The following constituents in Table 7 are likely to be elevated in drainage from hards/interburden 
materials upon first exposure to rainfall:  

 The pH (acidic), and levels of arsenic and manganese are likely to exceed the domestic and irrigation 
water quality guidelines;  

 Aluminium levels are likely to exceed domestic use water quality guideline; and  

 The levels of cobalt, molybdenum and nickel are likely to exceed the irrigation water quality guidelines. 

These constituents (except for arsenic and molybdenum) as well as, copper and zinc are also likely to exceed 
the RQO limits. 

The NAG results indicate that hards/interburden materials exposed for prolonged time (complete oxidation) 
could produce acid rock drainage with high metal content (Figure 20 and Figure 22). The following 
constituents are potential constituents of concern in drainage from hards/interburden materials exposed for 
long time periods (Table 8):  
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 The levels of aluminium and iron are likely to exceed domestic use, irrigation and livestock guidelines 
as well as RQO limits for Sandloop quaternary.  

The pH and manganese are likely to exceed domestic use and irrigation water quality guidelines as well as 
RQO limits 

 The levels of electrical conductivity, cobalt, copper, molybdenum and nickel are likely to exceed irrigation 
water quality guidelines as well as RQO limits; and 

 The levels of nitrate, sulphate, arsenic, calcium and lead are likely to exceed domestic use water quality 
guidelines; and  

 Zinc is likely to exceed the RQO limit. 

5.2.6.4 Soft Overburden 

The ASLP leachate results show that the quality of the drainage from softs overburden materials is likely to be 
near-neutral drainage with low metal content upon first exposure to rainfall (Figure 19 and Figure 21). The 
following constituents in Table 7 are likely to be elevated in short term drainage (upon first exposure to rainfall) 
from softs overburden materials at Turfvlakte:  

 The levels of arsenic are likely to exceed domestic and irrigation water quality guidelines;  

 The pH (alkaline) and levels of manganese and molybdenum are likely to exceed irrigation water quality 
guidelines;  

 The levels of aluminium, calcium, iron and lead levels are likely to exceed domestic water quality 
guidelines; and   

 The pH, aluminium, copper, iron, lead and zinc are likely to exceed the RQO limits. 

The NAG results indicate that softs overburden materials could produce near-neutral to acid rock drainage 
with low metal content after being exposed for long time periods (Figure 20 and Figure 22). The following 
constituents are likely to be elevated in drainage (Table 8) and exceed water quality guidelines: 

 The pH (acidic), manganese and vanadium are likely to exceed domestic use and irrigation water quality 
guidelines as well as RQO limits for Sandloop quaternary; 

 Levels of electrical conductivity are likely to exceed irrigation water quality guidelines; 

 The aluminium, arsenic, calcium, iron and zinc concentrations are likely to exceed domestic use water 
quality guidelines as well as RQO limits (except for arsenic); and  

 Copper, nitrate and lead are likely to exceed the RQO limits. 

It should be noted that the NAG results indicate a worst case scenario under acidic and complete oxidation 
conditions. Therefore, drainage similar to NAG leachate is unlikely to occur in softs overburden materials 
given that they are not potentially acid generating. 
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Figure 19: Classification of coal, hards/interburden and softs overburden ASLP leachate based on pH and sulphate levels (modified after INAP, 2010).  
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Figure 20: Classification of coal, hards/interburden and softs overburden NAG leachate based on pH and sulphate levels (modified after INAP, 2010). 
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Figure 21: Ficklin diagram showing composition of coal, hards/interburden and softs overburden ASLP leachate 

 
Figure 22: Ficklin diagram showing composition of coal, hards/interburden and softs overburden NAG leachate 
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5.2.7 Drainage Chemistry (Long-term) 

5.2.7.1 Introduction 

The results of leachate from the hard overburden/interburden and soft overburden humidity cell composite 
samples are presented as time series graphs in Figure 23, Figure 24, Figure 25, Figure 26 and Figure 27. The 
leachate is classified based on pH and sulphate as well as pH and trace elements in Figure 29 and Figure 28, 
respectively. The full results of the kinetic testing are in APPENDIX C. 

5.2.7.2 Hard Overburden/Interburden 

The leachate from the hards/interburden humidity cell sample was slightly acidic to acidic throughout the 
testing period (Figure 23).  

The production rate of TDS was 465 mg/kg/wk in leachate from initial flushing event (week 0) and it decreased 
to 143 mg/kg/wk by week 4 flushing event. The TDS production rate was relatively stable, with occasional 
fluctuations between 98 mg/kg/wk and 154 mg/kg/wk in leachate from week 4 to week 19 flushing events, and 
it decreased to 59 mg/kg/wk in leachate from week 20 flushing event (Figure 24). Similar trends were 
observed for sulphate, calcium and magnesium production rates (Figure 25). The production rates of sodium 
and chloride were on a downward trend throughout the testing period, with decreases being steep during the 
first 4 flushing events for sodium and first 13 flushing events for chloride, with gradual decreases thereafter 
(Figure 26). 

The acid potential (AP) and neutralisation potential (NP) for hards/interburden sample were relatively elevated 
in leachate from week 0 flushing event and decreased substantially in the subsequent week. The AP and NP 
were relatively stable in leachate thereafter with occasional fluctuations to the end of the testing period  
(Figure 27). The NP exceeded AP in leachate throughout the testing period indicating availability of sufficient 
neutralisation capacity to buffer acidity generated by oxidation of sulphides in the materials (Figure 27). 

The substantial decreases in production rates of constituents in leachate from week 0 to week 1 is attributed 
to flushing of historical oxidation products from the material. 

Classification of leachate from the weekly flushing events on the basis of pH and concentrations of sulphate 
and trace elements indicate that the hards/interburden materials is likely to generate neutral to acid rock 
drainage with high metal content in the long term (Figure 29 and Figure 28). 

5.2.7.3 Soft Overburden 

The leachate from softs overburden humidity cell sample was near-neutral to alkaline from week 0 to week 20 
flushing events (Figure 23).  

The TDS production rate was 846 mg/kg/wk in leachate from week 0 leaching event and it decreased to 294 
mg/kg/wk in leachate from the subsequent flushing event was 95 mg/kg/wk in leachate from the week 3 
flushing event. Thereafter the production rate decreased gradually to 26 mg/kg/wk in leachate from week 8 
flushing event and it fluctuated between 18 mg/kg/wk and 37 mg/kg/wk in leachate from week 9 and week 14 
flushing events. The TDS production rate increased to 66 mg/kg/wk in leachate from week 15 flushing event 
and generally decreased gradually to the end of the testing event (Figure 24). Similar trends were observed in 
production rates of calcium and magnesium (Figure 25) as well as sodium and chloride (Figure 26). The 
production rate of sulphate was on a downward trend in leachate from week 0 to week 14, increased in 
leachate from week 15 flushing event, was relatively stable until week 19, and it decreased in leachate from 
the week 20 flushing event (Figure 24). 

The AP and NP for softs overburden sample were elevated in leachate from week 0 flushing event and 
decreased substantially in the subsequent week. 
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The AP was on downward trends until the week 14 flushing event whilst the NP decreased gradually until 
week 8 and was relatively stable thereafter to week 14 flushing event. The AP and NP increased in leachate 
from week 15 flushing event and were relatively stable until week 19, and they decreased in leachate from the 
week 20 flushing event (Figure 27).  

The trends suggest that from week 15 more carbonate minerals began to dissolve, resulting in a substantial 
increase in NP production, a slight increase in pH, and increases in sodium, calcium and magnesium 
concentrations in the leachate. 

The NP exceeded AP in leachate from the softs overburden samples throughout the testing period indicating 
availability of sufficient neutralisation capacity to buffer acidity generated by oxidation of sulphides in the 
materials (Figure 27). 

Classification of leachate from the weekly flushing events on the basis of pH and concentrations of sulphate 
and trace elements indicate that the softs overburden materials is likely to generate neutral mine drainage in 
the long term (Figure 29 and Figure 28).  

  
Figure 23: Variation of pH in humidity cell leachate over time 

 
Figure 24: Variation of TDS and sulphate production rates in humidity cell leachate over time 
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Figure 25: Variation of calcium and magnesium production rates in humidity cell leachate over time 

 
Figure 26: Variation of sodium and chloride production rates in humidity cell leachate over time 

 
Figure 27: Variation acid production and neutralisation potential rates in humidity cell leachate over time 

0.1

1

10

100

1000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

P
ro

d
u

ct
io

n
 r

at
e 

(m
g

/k
g

/w
k)

Week  

Hards/Interburden _Calcium Softs Overburden_Calcium

Hards/Interburden _Magnesium Softs Overburden_Magnesium

0.1

1

10

100

1000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

P
ro

d
u

ct
io

n
 r

at
e 

(m
g

/k
g

/w
k)

Week  

Hards/Interburden _Sodium Softs Overburden_Sodium

Hards/Interburden _Chloride Softs Overburden_Chloride

0.01

0.1

1

10

100

1000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

A
P

 a
nd

 N
P

 (
m

g/
kg

/w
k)

 

Week

Hards/Interburden_AP Softs Overburden_AP Hards/Interburden_NP Softs Overburden_NP



April 2020 1784950-325695-10

 

 
 41

 

 
Figure 28: Ficklin diagram showing composition of humidity cell leachate. 
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Figure 29: Classification of humidity cell leachate based on pH and sulphate levels (modified after INAP, 2010)

1

10

100

1,000

10,000

100,000

1,000,000

10,000,000

‐1.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Hards/Interburden HC Leachate

Softs Overburden HC Leachate

pH

Su
lp
h
a
te
 (m

g/
L)

Acid Rock Drainage

Saline Drainage

Global mine waters (INAP, 2010)

South African coal mine waters (Love, 2018)

South African coal ash waters (Golder & WRC, 2018)

Neutral Mine Drainage



April 2020 1784950-325695-10

 

 
 43 

 

5.3 Ecotoxicology 
Whole effluent toxicity testing was undertaken by the Golder Associates Research Laboratory (GARL) on 
three composite samples: 

 Soft overburden from Turfvlakte; 

 Hard interburden from Turfvlakte; and 

 Discard from Grootegeluk coal washing plants (assumed to be similar to the discard that will be 
generated from coal to be mined at Turfvlakte, as no test discard is available). 

The results (detailed report presented in APPENDIX F) show the soft overburden to present a slight acute 
hazard, the interburden an acute hazard and the discard a high acute hazard, see Table 9. 

Table 9: Ecotoxicology results 

Sample Test species affected Hazard classification 

Soft overburden Vibrio fischeri (bacteria), Daphnia pullex 
(invertebrate), Poecilia reticulata (fish) 

Sight acute hazard 

Hard interburden Selenastrum capricornutum (algae),  Acute hazard 

Discard from Grootegeluk Vibrio fischeri, Daphnia pullex, Poecilia 
reticulata, Selenastrum capricornutum 

High acute hazard 

 

6.0 IMPACT PREDICTION 

6.1 Mass Balance 
In order to predict the geochemical profile of mine residue facilities, for modelling source-terms and as well as 
for the mining residue facility environmental risk assessment (Figure 5), the proportions of different lithologies 
and waste streams contributing to each facility needs to be understood. This has been done using the revised 
mining schedules supplied by Exxaro on 26 and 27 September 2019: 

 Mine Pit 1 (Pit A), then Pit 2 (Pit B) at 1.5 mtpa (preferred option: file OVB smoothed_equipment (SA) 

2019_TE_Pit1Pit2_1.5mtpa_Years New Application.xls); and 

 Simultaneous mining of both pits (S4) at 3.0 mtpa (alternative option: file OVB Smoothed_equipment (SA) 

2019_TE_S4_3mtpa_Years New Application.xls). 

The schedule was interpreted as follows: 

 Softs and Hards from the initial box cut will be placed on Dump 6. Not shaped, but only placed for later 
rehabilitation of the dump; 

 ROM coal will be handled at the GG plants and discard and interburden will be backfilled in the GG Pit; 

 For Pit 1 then Pit 2, the schedule assumes: 

 Schedule covers 16 years, and produces 53 Mt of contaminated ROM; 

 Year 2 from Pit 1 and 50% of Year 3 from Pit 1 constitutes the initial box cut which is placed on Dump 
6 (no waste in year 1); and 

 Year 12 from Pit 2 constitutes the initial box cut which is placed on Dump 6. 
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 For Simultaneous mining of both pits (S4), the schedule assumes: 

 Schedule covers 8 years, and produces 53 Mt of contaminated ROM; and 

 Year 2 from both pits and 50% of Year 3 from both pits constitutes the initial box cut which is placed 
on Dump 6 (no waste in year 1). 

The mass balance was then modelled using the parameters shown in Table 10. The results show that: 

 In both scenarios over half of the waste ends up at Grootegeluk: in the main pit or on Dump 6 (see 
Table 12); and 

 In both scenarios the void in Pit 1 is slightly over 50% and in Pit 2 at least 70% (see Table 13). 

Table 10: Parameters used in waste mass balance 

Parameters   Value Unit Reference 

Density discard 2.1 t/m3 GGX-000191-
PMG-RPT-0020 

ROM coal 1.8 t/m3 

power station coal 1.8 t/m3 WRC Report 
No. 2142/1/14 

metallurgical coal 2.1 t/m3 

Bulking Soft overburden 110% % Sweby (CSIR) 
1997 

Hard overburden 128% 

Interburden 115% 

Discard 115% 

 

Table 11: Pit volumes and voids 

  Volumes m3 Year 7 Year 8 

  Total Pit Backfilled Void Proportion Backfilled Void 

Pit 2  23 256 648  14 184 162  9 072 486  16% 23 284 634   -27 986 * 

Pit 1 48 199 377   -  48 199 377  84% 30 018 583  18 180 794  

* allowance for additional volume to create free-draining surface 

Table 12: Fate of mineral residues 

Waste Pit 1 then Pit 2 at 1.5 mtpa schedule Simultaneous mining at 3.0 mtpa schedule  

 Dump 6  23% 27% 

 Pit 2  9% 6% 
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Waste Pit 1 then Pit 2 at 1.5 mtpa schedule Simultaneous mining at 3.0 mtpa schedule  

 Pit 1  33% 33% 

 GG  34% 34% 

 

Table 13: Fate of mined-out pits 

Void Pit 1 then Pit 2 at 1.5 mtpa schedule Simultaneous mining at 3.0 schedule 

 Pit 2  70% 82% 

 Pit 1  51% 51% 

 

6.2 Conceptual Model 
Geochemical impact prediction is based upon an understanding of the risks associated with the various mine 
workings and residue facilities over the construction, operations and post-closure phases of a mining 
operation. For Turfvlakte this understanding is summarised in a conceptual model.  

During the operational phase, mining will take place in open pits 1 then 2, using free digging on soft 
overburden and normal drill and blast techniques on hard overburden, coal and interburden. The overburden 
will be rolled over into the pits after the initial box cut.  

Weathering processes, including oxidation of sulphides and dissolution of carbonates and silicate minerals 
(ARD processes) is expected to take place in the backfill, on the wall rock and at the bottom of the pit. The 
weathering products, including efflorescent salts are likely to be flushed by runoff, rainfall infiltration and 
inflowing groundwater, which collects on the pit floor, from where it is pumped out of the pit. It is expected that 
the bulk of the salts will be from inflowing groundwater during the dry season and that some of the salts will 
remain in the backfill due to low rainfall and preferential flow of infiltrating rainwater and the inflowing 
groundwater.  

At closure pumping will cease and water will accumulate in the pits from runoff, direct rainfall, infiltration and 
groundwater inflows, filling the pits until the water level reaches pre-mining level. Complete dissolution of 
products of ARD processes is expected as the pit fills up. The ARD processes will continue in the unsaturated 
zone of backfill (much of which is expected to be located above the water level, but the quantity cannot be 
modelled until the final landform has been designed) and pit exposed walls. Due to seasonal recharge and 
evaporation from the voids, it is expected that the depth of the water level in the void and inside the backfill 
fluctuates substantially, with the exposed surface area for ARD processes in the unsaturated zone and pit 
walls increasing during the dry season.  

6.3 Geochemical Modelling 
6.3.1 Acid Rock Drainage Rates 

Kinetic tests using humidity cells give a measure of the rates of sulphide oxidation, elements (metals and 
semimetals) and salt release, acid generation and acid neutralisation under laboratory conditions. The 
measured rates are used to estimate the time required for reactive minerals in the mine facility to become 
depleted. The balance between the time to depletion of acid producing minerals and the time to depletion of 
neutralising minerals is then used to predict the future quality of drainage from the mine facility. 
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It should however be noted that long-term projections of acid generation are subject to several limitations, 
which include the short duration of tests, rapid oxidation rates, and flushing. It should also be noted that the 
time to NP depletion does not account for alumino-silicate dissolution. 

The results of primary (initial) and secondary (steady) oxidation rates calculated from the humidity cell 
leachate data are shown in Table 14. The primary oxidation rate is based on the first flushing event (weekly 
cycle 0) leachate quality and is considered to be conservative (worst case). The secondary oxidation rate, 
which was based on the rest of the recordings (weekly cycles 1- 20) is considered to represent likely long-term 
rates. The time to total pyrite oxidation and total consumption of NP, which were calculated using the total 
sulphur content and neutralisation potential, respectively, are also presented in Table 14. Golder O2-Diff 
oxygen diffusion model (Bezuidenhout and Rousseau, 2005) was used to estimate scaling factors for time to 
AP and NP depletion under field conditions in un-rehabilitated waste rock dump (Table 14). 

Results show that the source of neutralisation potential (NP) in hards/interburden will be depleted before 
sulphides suggesting that the hards and interburden material at Turfvlakte is likely to generate acid rock 
drainage in the long-term. The sulphides will be depleted before the NP in soft overburden indicating that the 
softs overburden is not potentially acid generating.  

Table 14: Oxidation rates and time to depletion of sulphide and NP in hards/interburden and softs overburden 

Parameter Hards/Interburden  Softs Overburden 

Secondary oxidation rate (g FeS2/ton/week) 53 14 

Primary oxidation rate (g FeS2/ton/week) 945 730 

Secondary neutralisation rate (g CaCO3/ton/week) 92 26 

Primary neutralisation rate (g CaCO3/ton/week) 1 864 2 723 

Depletion Projections   

Humidity Cell time to TAP depletion (years)* 6 0.6 

Humidity Cell time to SAP depletion (years)* 5 0.1 

Humidity Cell time to Bulk NP depletion (years)* 0.2 47 

Long-term ARD Status  PAG Non-PAG 

Depletion Projections Based on O2 diff model results un-rehabilitated facilities 

Estimated scaling factor  70 36 

Time to TAP depletion (years)* 420 21 

Time to SAP depletion (years)* 315 3.7 

Time to Bulk NP depletion (years)* 14 1 692 
Notes 
*Depletion calculations should be evaluated cautiously. The depletions are based on laboratory secondary sulphur oxidation rates and an 
assumption that all NP is from carbonate minerals only. Under field conditions long term oxidation rates will decrease over time. Slow to 
moderate weathering silicates will also contribute to NP under field conditions. Additionally, the amount of NP products removed due to 
dissolution of carbonates and aluminosilicates will be lower than in the rapidly flushed humidity cells. 
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6.3.2 Pit Water Quality  

6.3.2.1 Operational phase 

Baseline groundwater quality monitoring data, humidity cell leachate data and ASLP leachate data were used 
to define input data for pit water quality modelling for the operational phase pit water at Turfvlakte. The quality 
of Pit 1 and Pit 2 water was assumed to be influenced by:  

 Solutes from inflowing groundwater. The baseline groundwater quality is different in Pit 1 area and Pit 2 
area: 

 Pit 1 area is characterised by slightly acidic to near neutral groundwater (pH 5.8-6.9) and elevated 
concentrations of TDS (1,220 – 7,060 mg/L, average 4,168 mg/L), sulphate (326 - 2,450 mg/L, 
average 1,320 mg/L), chloride (153 – 2,320 mg/L, average 973 mg/L) and major cations; and 

 Pit 2 area is characterised by near neutral groundwater (pH 6.7 – 7.1) and lower concentrations TDS 
(average 694 mg/L), sulphate (average 138 mg/L), chloride (91 mg/L) and major cations compared to 
Pit 1 area. 

 Solutes from backfill. The solutes from backfill are expected to be mobilised by infiltrating rainwater:  

 Softs backfill: The softs overburden humidity cell leachate data from Week 0 flushing event was used 
as input for water quality predictions and was considered to be conservative; and 

 Hards backfill and wall rock: The hards/interburden humidity cell leachate data from week 0 flushing 
event was selected to be used as input as it was considered to the conservative. 

 Solutes from wall rock. The solutes from softs and hards overburden, interburden and coal exposed on 
pit walls will be mobilised mainly by rainfall runoff. The ASLP data for softs and hards overburden, 
Interburden and coal seams was used as input data; and 

 Solutes in direct rainfall. 

The water balance for Turfvlakte indicates that the bulk of water in Pit 1 and Pit 2 will from inflowing 
groundwater (77% and 83% respectively) followed by recharge through backfill (11% - only Pit 2 ), runoff from 
pit wall rock (10% and 14% respectively) and direct rainfall (2% and 3% respectively). Thus, the quality of pit 
water during the operational phase will be influenced mainly by the quality of inflowing groundwater.  

6.3.2.2 Closure phase 

As noted in the conceptual model (section 6.2), runoff, direct rainfall, rainfall recharge and inflowing 
groundwater will accumulate in the pit after cessation of mining. The quality of water in both Pit 1 and Pit 2 is 
expected to be influenced by quality of inflowing groundwater, and the complete dissolution of solutes in 
backfill materials, floor and pit wall rock, including the blast affected zones, as the pit fills up. This will result in 
accrual of salts in the pits until the water reaches the pre-mining groundwater level. According to the 
groundwater report (1784950-316664-1), the groundwater will continue to flow towards the pit due evaporation 
of water from the void. This means that the build-up will continue until salts are depleted in the unsaturated 
backfill and wall rock. The modelling of salt build-up focussed on mass from groundwater, pit wall rock and 
backfill and was provided as a source- for input into the plume transport model. 

The modelling of salt build-up in the pit followed a mass balance approach using total dissolved solids as 
indicator constituent of concern. The following aspect were considered: 

 Total volume of softs and hards overburden in the pits at post closure; 
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 Volume of reactive material on wall rock, which is a function of exposed surface areas of different rock 
types on the pit walls and thickness of blast affected zone; 

 The rate of recovery of water level in the pit; and  

 Time it will take for groundwater to reach pre-mining level. 

The information relating to groundwater inflow and recharge was provided by the groundwater model. The 
information on volumes of backfill was sourced from the mining schedule (file OVB smoothed_equipment (SA) 
2019_TE_Pit1Pit2_1.5mtpa_Years New Application.xls) whilst surface areas of exposed wall rock were 
estimated from perimeter of the pit and average thickness of the  rock unit, which was calculated from 
available geological log sheets. The simulation of the pit mass balance and pit water concentration per time 
step were carried out in an excel spreadsheet up to the time when the water reaches pre-mining level. 

The following assumptions were made regarding the pit water quality modelling post closure: 

 Salts will be added to the pit mainly from inflowing groundwater, seepage from backfill and wall rock blast 
affected zone; 

 The groundwater quality was assumed to be average of 2018 baseline data for boreholes in Turfvlakte 
farm Pit 1 and Pit 2 areas (see section 6.3.2.1) – it is noted that there is a wide variation in this data; 

 The average rates from week 1 to week 21 flushing events of softs overburden and hards/interburden 
humidity cell samples were used to estimate loading rates of salts from the backfill and wall rock; 

 The blast affected zone was assumed to be 15 m. However, a portion of the overburden will be free dug 
(not blasted); 

 All salts are completely dissolved at each time step by recharge and inflowing groundwater; 

 Salts from coal were not included due to absence of TDS loading rate data; 

 The mass from rainwater is assumed to be insignificant compared to mass from groundwater, backfill 
and wall rock; and 

 Effect of evaporation was not considered in the model. 

Simulated TDS load and concentration 

The results of the long-term TDS loads and concentrations are presented in Figure 30 and Figure 31. The 
concentration of TDS is expected to range from 5,485 mg/L to 4,941 mg/L in Pit 1 and to vary from 1,872 mg/L 
to 1,504 mg/L in Pit 2 water. The concentrations are simulated to decrease with time due to decreased load 
from backfill and wall rock and dilution from rainfall recharge.  
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Figure 30: Simulated TDS yearly load in Pit 1 water post closure 

 
Figure 31: Simulated Pit 1 and Pit 2 water quality post closure 

6.4 Mine Residue Risk Assessment 
A mine residue risk assessment has been carried out for each prospective mine waste facility, per the 
methodology for GN R.632 of 2015 (see Figure 4): 

 The ROM stockpiles are not hazardous waste, but require pollution control measures to protect the 
receiving catchment, irrigation and domestic water use receptors from acid rock drainage risk and 
leachate with elevated levels of EC, Mn, Zn and sulphate (Table 15); 
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 The hard overburden which will be dumped upon Dump 6 is predicted to be mainly not hazardous waste 
(carbonaceous bands are hazardous), but require pollution control measures to protect the receiving 
catchment, irrigation and domestic water use receptors from acid rock drainage risk and leachate with 
elevated levels of Mn, Zn, As, Ni, Co and Cu (Table 16); 

 The soft overburden which will be dumped upon Dump 6 predicted to not be hazardous waste, but 
require pollution control measures to protect the receiving catchment, irrigation and domestic water use 
receptors from leachate with elevated levels of EC, TDS, Cu and Zn (Table 17); and 

 The Pit 1 Backfill (Table 18) and the Pit 2 Backfill (Table 19) are composites of several waste streams, 
both of which contain some acid-generating waste and some hazardous waste and require pollution 
control measures to protect the receiving catchment, irrigation and domestic water use receptors from 
leachate with elevated levels of TDS/EC, sulphate, Al, Mn, Ni, Pb and Zn. 

Table 15: ROM Stockpile Risk Assessment 

Aspect Properties Risk 

Chemical Acid-base accounting Potentially acid-generating 

Chemical composition of leachate 
(short-term) 

Leachate exceeds RQO for Sandloop (EC, Mn, Zn), 
SWAQG for irrigation (EC, Mn) and domestic (TDS, 
Ca, Mn, SO42-) use 

Chemical composition of leachate 
(long-term) 

Not applicable to ROM stockpiles as material remains 
there only in the short-term 

Propensity for spontaneous 
combustion 

Not tested 

Propensity to oxidise and 
decompose, stability and reactivity 

The sulphide-containing discard materials react with 
oxygen and water in the process of ARD generation. 

Concentration of volatile organics Not applicable 

Mineralogy Acid-forming minerals Pyrite occurred as an accessory phase (1.4-1.8%) 

Acid-neutralising minerals Calcite, dolomite and siderite were rare phases 

Waste Physical hazards Not explosive, generally not flammable or oxidising 
and does not release toxic gases when in contact with 
water or acid 

Health hazards Total concentration of aluminium, iron and silicon 
exceeded 1% but none of these parameters exceed 
1% in leachate1 

Environmental hazard Total concentration of aluminium, iron and silicon 
exceeded 1% but none of these parameters exceed 
1% in leachate 

 
1 1% is 10 000 mg/L 
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Aspect Properties Risk 

Classification Not hazardous in terms of SAN10234 

Total concentrations TCT0 < TC (Ba, Cu, Mo, Pb) < TCT1 

Leachable concentrations LCT0 < LC (Mn, Ni, SO42-) < LCT1 

Assessment Type 3 

Toxicity Not tested 

Physical Properties Not assessed 

Vulnerability of the aquifer See Groundwater Impact Assessment 

Presence of vulnerable ecosystems See Biodiversity Assessment 

Prevention of pollution in order to satisfactorily 
mitigate the impact on groundwater and surface 
water and on biodiversity 

Pollution barrier design should be driven by the 
following: 
 Acid-generating risk of the coal; and 
 Leachate poses risk to receiving catchment, 

irrigation and domestic water use receptors. 

 

Table 16: Hard Overburden (to Dump 6) Risk Assessment 

Aspect Properties Risk 

Chemical Acid-base accounting Some material is potentially acid-generating 

Chemical composition of leachate 
(short-term) 

Leachate exceeds RQO for Sandloop (low pH, Co, Cu, 
Zn), SAWQG for irrigation (Co, Ni, Zn) and domestic 
(low pH, TDS, Mg, Mn, Fe, Ni, SO42-) use 

Chemical composition of leachate 
(long-term) 

Not applicable to stockpiles as material remains there 
only in the short-term 

Propensity for spontaneous 
combustion 

Not tested 

Propensity to oxidise and 
decompose, stability and reactivity 

The sulphide-containing discard materials react with 
oxygen and water in the process of ARD generation. 

Concentration of volatile organics Not applicable 

Mineralogy Acid-forming minerals Pyrite (rare) 

Acid-neutralising minerals Calcite (rare) 

Waste Physical hazards Not explosive, generally not flammable or oxidising 
and does not release toxic gases when in contact with 
water or acid 
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Aspect Properties Risk 

Health hazards Total concentration of aluminium, iron and silicon 
exceeded 1% but none of these parameters exceed 
1% in leachate. 
The total and leachable concentrations of carcinogenic 
trace elements (Cd, Ni, As and Cr (VI)) were <0.1% 
(0.1% is 1 000 mg/L) in the interburden samples. 
Therefore, none of these elements constitute a health 
risk. 

Environmental hazard Total concentration of aluminium, iron and silicon 
exceeded 1% but none of these parameters exceed 
1% in leachate 

Classification Not hazardous in terms of SAN10234 

Total concentrations TCT0 < TC (As, Ba, Mo, Pb) < TCT1 

Leachable concentrations LCT0 < LC (As, Mn, Ni, Sb) < LCT1 

Assessment Type 3 

Toxicity Ecotoxicology results show acute hazard, notably in 
terms of the potential impact of contaminated runoff on 
algae. 

Physical Properties Not assessed 

Vulnerability of the aquifer See Groundwater Impact Assessment 

Presence of vulnerable ecosystems See Biodiversity Assessment 

Prevention of pollution in order to satisfactorily 
mitigate the impact on groundwater and surface 
water and on biodiversity 

Pollution barrier design should be driven by the 
following: 
 Acid-generating risk of the coal; and 
 Leachate poses risk to receiving catchment, 

irrigation and domestic water use receptors. 

 

Table 17: Soft Overburden (to Dump 6) Risk Assessment 

Aspect Properties Risk 

Chemical Acid-base accounting Not potentially acid-generating 

Chemical composition of leachate 
(short-term) 

Leachate exceeds RQO for Sandloop (Cu, Zn), 
SAWQG for livestock (TDS) and domestic (TDS, Mg, 
Mn, Na, Cl-, F-, SO42-) use 

Chemical composition of leachate 
(long-term) 

Not applicable to stockpiles as material remains there 
only in the short-term 
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Aspect Properties Risk 

Propensity for spontaneous 
combustion 

Not tested 

Propensity to oxidise and 
decompose, stability and reactivity 

Not acid-generating - unlikely 

Concentration of volatile organics Not applicable 

Mineralogy Acid-forming minerals Pyrite (rare) 

Acid-neutralising minerals Calcite (rare) 

Waste Physical hazards Not explosive, generally not flammable or oxidising 
and does not release toxic gases when in contact with 
water or acid 

Health hazards Total concentration of aluminium, iron and silicon 
exceeded 1% but none of these parameters exceed 
1% in leachate. 
The total and leachable concentrations of carcinogenic 
trace elements (Cd, Ni, As and Cr (VI)) were <0.1% 
(0.1% is 1 000 mg/L) in the interburden samples. 
Therefore, none of these elements constitute a health 
risk. 

Environmental hazard Total concentration of aluminium, iron and silicon 
exceeded 1% but none of these parameters exceed 
1% in leachate 

Classification Not hazardous in terms of SAN10234 

Total concentrations TCT0 < TC (As, Ba, Cu, Mo, Pb) < TCT1 

Leachable concentrations LCT0 < LC (As) < LCT1 

Assessment Type 3 

Toxicity Ecotoxicology results show slight acute hazard, 
notably in terms of the potential impact of 
contaminated runoff on invertebrates and bacteria. 

Physical Properties Not assessed 

Vulnerability of the aquifer See Groundwater Impact Assessment 

Presence of vulnerable ecosystems See Biodiversity Assessment 

Prevention of pollution in order to satisfactorily 
mitigate the impact on groundwater and surface 
water and on biodiversity 

Pollution barrier design should be driven by the 
following: 
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Aspect Properties Risk 

 Leachate poses risk to receiving catchment, 
irrigation, livestock and domestic water use 
receptors. 

 

Table 18: Pit 1 Backfill Risk Assessment 

Aspect Properties Risk 

Chemical Acid-base accounting Mixture of non-acid-generating and acid-generating 
material 

Chemical composition of leachate 
(short-term) 

Not applicable 

Chemical composition of leachate 
(long-term) 

Leachate exceeds RQO for Sandloop (low pH, Al, Co, 
Mn, Ni, Pb, Zn), SAWQG for livestock (TDS, Cu), 
irrigation (Co, Ni, Zn) and domestic (TDS, Al, Ca, Mg, 
Mn, Pb and SO42-) use 

Propensity for spontaneous 
combustion 

Not tested 

Propensity to oxidise and 
decompose, stability and reactivity 

The sulphide-containing discard materials react with 
oxygen and water in the process of ARD generation 

Concentration of volatile organics Not applicable 

Mineralogy Acid-forming minerals Pyrite occurred as a rare phase 

Acid-neutralising minerals Calcite and dolomite were rare to accessory phases 

Waste Physical hazards Not applicable: receives multiple waste streams 

Health hazards Not applicable: receives multiple waste streams 

Environmental hazard Not applicable: receives multiple waste streams 

Classification Around one third of the material classifies as 
hazardous in terms of SAN10234 

Total concentrations Not applicable: receives multiple waste streams 

Leachable concentrations Not applicable: receives multiple waste streams 

Assessment Type 3 

Toxicity Assume acute hazard, as the higher risk of the various 
waste streams that will be backfilled 

Physical Properties Not assessed 
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Aspect Properties Risk 

Vulnerability of the aquifer See Groundwater Impact Assessment 

Presence of vulnerable ecosystems See Biodiversity Assessment 

Prevention of pollution in order to satisfactorily 
mitigate the impact on groundwater and surface 
water and on biodiversity 

Pollution barrier design should be driven by the risk 
posed by the leachate to the receiving catchment, and 
domestic, livestock and irrigation water use receptors 

 

Table 19: Pit 2 Backfill Risk Assessment 

Aspect Properties Risk 

Chemical Acid-base accounting Mixture of non-acid-generating and acid-generating 
material 

Chemical composition of leachate 
(short-term) 

Leachate exceeds RQO for Sandloop (low pH, Al, Co, 
Mn, Ni, Pb, Zn), SAWQG for livestock (TDS, Cu), 
irrigation (Co, Ni, Zn) and domestic (TDS, Al, Ca, Mg, 
Mn, Pb and SO42-) use 

Chemical composition of leachate 
(long-term) 

Leachate exceeds RQO for Sandloop (Cu, Zn), 
SAWQG for livestock (TDS) and domestic (EC, Mg, 
Mn, Na, Cl-, F-, SO42-) use 

Propensity for spontaneous 
combustion 

Not tested 

Propensity to oxidise and 
decompose, stability and reactivity 

The sulphide-containing discard materials react with 
oxygen and water in the process of ARD generation 

Concentration of volatile organics Not applicable 

Mineralogy Acid-forming minerals Pyrite occurred as a rare phase 

Acid-neutralising minerals Calcite and dolomite were rare to accessory phases 

Waste Physical hazards Not applicable: receives multiple waste streams 

Health hazards Not applicable: receives multiple waste streams 

Environmental hazard Not applicable: receives multiple waste streams 

Classification Around one third of the material classifies as 
hazardous in terms of SAN10234 

Total concentrations Not applicable: receives multiple waste streams 

Leachable concentrations Not applicable: receives multiple waste streams 

Assessment Type 3 
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Aspect Properties Risk 

Toxicity Assume acute hazard, as the higher risk of the various 
waste streams that will be backfilled 

Physical Properties Not assessed 

Vulnerability of the aquifer See Groundwater Impact Assessment 

Presence of vulnerable ecosystems See Biodiversity Assessment 

Prevention of pollution in order to satisfactorily 
mitigate the impact on groundwater and surface 
water and on biodiversity 

Pollution barrier design should be driven by the risk 
posed by the leachate to the receiving catchment, and 
domestic, livestock and irrigation water use receptors  

 

7.0 CONCLUSIONS 
Softs Overburden  

 The soft overburden material is not potentially acid generating due to low content of sulphur content. The 
non-PAG characteristic was confirmed by kinetic modelling, which indicated that the source of acidity 
(sulphides) is likely to be depleted before neutralisation potential in the softs overburden material. Thus, 
the softs overburden materials are likely to produce near-neutral to alkaline drainage in the long term; 
and 

 The main environmental risks of drainage from the softs overburden are likely to be elevated levels of 
EC, TDS, Cu and Zn, the management of which should drive the pollution control barrier design. 

Hards Overburden 

 The hard overburden material is potentially acid generating. The potential for acidity generation was 
confirmed by kinetic modelling, which indicated that neutralisation potential is likely to be depleted before 
sulphides in the hards overburden material. Thus, the hard overburden material is likely to generate 
acidic drainage in the long term; and 

 The main environmental risks of seepage from the hard overburden dump are likely to be low pH and 
elevated levels of Mn, Zn, As, Ni, Co and Cu, the management of which should drive the pollution control 
barrier design. 

Interburden/discard  

 The interburden material is potentially acid generating. The potential for acidity generation was confirmed 
by kinetic modelling, which indicated that neutralisation potential is likely to be depleted before sulphides 
in the interburden material. Thus, the interburden material is likely to generate acidic drainage in the long 
term; and 

 The main environmental risk of drainage from the interburden/discard is driven by the discard waste 
stream, with acid rock drainage risk and leachate with elevated levels of EC, sulphate, Al, Fe, Mg, Mn, Ni 
and Zn, but the material will be disposed at Grootegeluk in accordance with existing licensed procedures. 

Coal  

 The coal material is non-hazardous, but potentially acid-generating with elevated levels of EC, Mn, Zn 
and sulphate, the management of which should drive the pollution control barrier design. 
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Pit 1 and Pit 2 

 The water in Pit 1 and Pit 2 during the mining period is likely to be slightly acidic to near-neutral with 
elevated levels of total dissolved solids, sulphate, aluminium, calcium, iron, magnesium and manganese; 

 The quality of water in the backfilled pits is expected to be acidic with elevated levels of total dissolved 
solids, sulphate, aluminium, calcium, cobalt, copper, iron, magnesium, manganese, nickel, lead and zinc; 
and 

 The quality of pit water during the operational phase will be influenced mainly by the quality of inflowing 
groundwater, which is high in TDS in the Pit 1 area, and during the post-closure period, the predicted 
groundwater chemistry is well within the observed range in the baseline groundwater. This means that 
the potential pit water qualities cannot be confidently predicted as different to the variation in the baseline 
groundwater quality. 

8.0 RECOMMENDATIONS 

 Consideration should be given to separate handling of calcrete in the soft overburden so that this 
material, which is high in neutralisation potential as confirmed by kinetics of the soft overburden, can be 
used in covers for the backfilled pits, and the base of the final void of Pit 1;  

 During trial mining or grade control drilling, samples of different lithologies in the hard overburden should 
be subjected to further acid-base accounting tests to confirm whether they should be precautionarily 
considered to be potentially acid-generating; and 

 The geochemical model should be rerun once further geochemical data is available following trial mining 
(as per previous bullet), and when there is a longer database of groundwater quality from the new 
monitoring boreholes in the Turfvlakte area, and there is a greater degree of confidence in this 
component of the pit water qualities. 
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 ASTM D-8187-18 Interpretation of Standard Humidity Cell Test Results (ASTM International). 

 USEPA600 Field and laboratory methods applicable to overburden and mine soils (US Environmental 
Protection Agency).  

Legislation 

 National Norms and Standards for the Assessment of Waste for Landfill Disposal (GN R.635 of 23 August 
2013). 

 Regulations Regarding the Planning and Management of Residue Stockpiles and Residue Deposits from 

a Prospecting, Mining, Exploration or Production Operation (GN R. 632 of 2015). 

10.0 CONCLUDING REMARKS 
Please contact the undersigned for discussion of any aspects of this report.
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APPENDIX A 

Method Statement  
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X-RAY DIFFRACTION FOR PHASE (MINERALOGICAL) ANALYSIS 
Mineralogy examinations identify minerals that can affect metal leaching, acid generation and neutralisation 
potential. Waste rock, coarse residue and fine residue samples were submitted by UIS laboratory to XRD 
Analytical and Consulting Company cc for X-ray diffraction (XRD) analysis using the Rietveld method to 
identify the major, minor and trace mineralogical assemblages.  

Pulverised samples were analysed by XRD using a PANalytical Empyrean diffractometer employing Fe 
filtered Co Kα radiation. The phases were identified using X’Pert Highscore plus analytical software and PDF2 
database. The relative phase amounts (weight %) was estimated using the Rietveld method.  

It should be noted that XRD cannot identify amorphous phases, and therefore semi-crystalline precipitate 
minerals may not be fully represented by the results of XRD. In addition, trace concentrations of minerals are 
difficult to identify due to the limitations of the analytical method: generally, the minimum detection limit for 
Rietveld method is approximately 0.1%. 

WHOLE ROCK GEOCHEMISTRY 
For major element analysis at UIS, the samples were crushed to less <3 mm. The bulk samples were then 
split by means of a ten-way rotary splitter. A subsample from the splitter was then pulverised to <75 µm and 
then dried at 105°C prior to analysis. 

Sodium-peroxide fusions were then prepared from the pulverised samples by fusing 0.5 g of sample and 3 g 
of Sodium-peroxide. The flux was then dissolved in diluted Hydrochloric Acid and the solution was then 
analysed by means of ICP-OES (Inductive Coupled Plasma – Optical Emission Spectrometer). The following 
parameters were determined: (major elements) SiO2, Al2O3, Fe2O3, MgO, CaO, K2O, TiO2, P2O5, MnO, P, 
(minor elements) Ba, Cr, Cu, Mo, Ni, Pb, Sr, V, Zn. Loss on ignition (LOI) was determined by igniting the 
sample at 1000°C for two hours.  

A bulk metals scan, using ICP-MS, was conducted on the multi acid digest of the solid samples at UIS 
Laboratory. The scans included the determination of trace element composition. It should be noted that the 
samples were digested by means of a high pressure, closed vessel, microwave digestion system to minimize 
loss of volatile elements e.g. B, As, Pb, Ge, Se, Sb. Some refractory minerals (especially oxide minerals) are 
only partially digested. Although the reported concentrations may not represent total concentration for these 
elements, the multi acid microwave digestion is considered the best digestion method to produce total to near 
digestion for most materials or minerals. 

ACID BASE ACCOUNTING 
Acid base accounting (ABA) tests were conducted to predict the samples’ acid neutralising potential (NP) and 
acid generation potential (AP). The ABA analysis included determination of the following:   

 Paste pH in a mixture of distilled water and pulverised sample; 

 Modified Sobek (Lawrence and Wang, 1996) neutralisation potential (NP) by acid digestion and base 
titration; 

 Total carbon (TC), organic carbon and inorganic carbon concentrations by LECO analyser; and 

 Acid potential (AP) by sulphur determination (total sulphur–S (T); sulphide sulphur-S (S2-); sulphate 
sulphur–S (SO42-) and organic sulphur).  

The method that UIS followed for the determination of different Sulphur species is based on ISO157 
(Determination of forms of Sulphur). Sulphate sulphur was determined by selectively dissolving the Sulphide 
Sulphur with diluted Hydrochloric acid (2:3). 
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The solution was filtered, and the Sulphate Sulphur was determined in the filtrate solution. The Sulphide 
Sulphur was then determined by the selective dissolution of the Sulphide Sulphur in the filter residue by using 
diluted Nitric acid (1:5). 

The total Sulphur was determined by using the LECO CS 230 instrument. The principle of the instrument is 
the analysis of total Sulphur by combustion of the sample in a high temperature induction furnace and infrared 
cell detection. 

Neutralisation potential ratio (TNPR or SNPR) is the ratio of NP to TAP or SAP. Both sulphide sulphur and 
total sulphur content were used to estimate AP. However, the overall classification of samples’ acid generation 
potential was based on total sulphur content as it is conservative. Bulk NP was used in the NPR calculations 
since it accounts for the more reactive carbonate minerals as well as the less reactive silicate minerals. It 
should however be noted that though silicate mineral dissolution does provide acid consumption capabilities, 
in most cases it is effective only at low pH conditions (pH ≤ 4). An exception is fast weathering silicates, which 
have buffering capabilities at pH range 5.5 – 11. 

NET ACID GENERATION PROCEDURE  
The NAG leach procedure test was carried out on crushed samples (<2.4 mm). Testing was performed 
according to the USEPA600 (section 3.2.11) method as modified by AMIRA (2002): soil materials and 
hydrogen peroxide were combined at 100:1 liquid to solids ratio and heated until the reaction is completed, 
and any residual hydrogen peroxide is bubbled off. [Note: for samples containing sulphates and carbonates, 
there is a preparatory step of leaching with hydrogen chloride and distilled water.] The NP of the sample can 
then be directly challenged by the acidity generated by rapidly-oxidising sulphides. If the sample has sufficient 
available NP, the alkalinity of the whole rock will not be entirely depleted, and the system is expected to 
remain circum-neutral. If there is inadequate available NP, then the pH of the test solution will fall below 4.5 
due to a net acidity, thereby indicating that the sample has an acid generation potential. All the waste 
materials from Voorspoed were subjected to NAG tests. The UIS Laboratory conducted NAG testing at a 
100:1 solid to solution ratio (2.5 g solid sample in 250 ml of lixiviant). 

AUSTRALIAN STANDARD LEACH PROCEDURE 
The Australian standard leach procedure test was carried out on crushed samples (<2.4 mm). Testing was 
performed as described in AS 4439-1997. Solids material and distilled water were combined at 20:1 liquid to 
solids ratio and shaken for a period of 24 hours using the bottle roll method.  

The ASLP leachate samples were analysed for: pH, TDS, EC, alkalinity, NO2-, NO3-, PO43-, F-, Cl-, SO42-, 
metals and metalloids by ICP-MS and ICP-OES. 

KINETIC TESTS 
Kinetic testing is used to estimate the longer-term potential of mined materials to generate and consume acid 
and produce contaminated leachate and to estimate rates of oxidation and dissolution of materials. Kinetic 
tests were carried out to determine the weathering characteristics of the waste rock materials as a function of 
time. The objectives for executing kinetic tests include: 

 Determination of the rate of sulphide oxidation/acid generation; 

 Determination of the rate of neutralisation potential consumption; 

 Time to the onset of ARD and time taken for acid and neutralising consumption; and 

 Prediction of final mine component water quality. 
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The kinetic test method is not a direct indication of on-site drainage chemistry but simulates accelerated mine 
waste material weathering rates. The difference between actual field conditions and kinetic test by humidity 
cells can differ by at least an order of magnitude. 

Kinetic Testing Samples 
Two composite sample representing softs overburden and hards overburden/interburden materials were 
prepared by combining weighted discrete samples of different rock or material types (Table A1 and Table A2).  

Each composite sample was prepared as follows: 

 Each of the discrete samples was split by cone and quartering to get a sub-sample of required weight;  

 The sub-samples were combined and thoroughly mixed; and 

 The composited sample was split using the cone and quartering method to obtain two sub-samples 
weighing 1 kg each.  

A sub-sample each of the composite softs overburden and hards/interburden materials was submitted to UIS 
laboratory for static geochemical test work before kinetic tests. The tests included particle size determination, 
ABA, whole rock chemistry analysis and mineralogical composition determination by XRD. 

Table A1: Compositing Details for Hards/Interburden Humidity Cell Sample 

Material 

Type 

Borehole 

ID 

 From   To  Stratigraphic 

zone/code 

Rock Type Sub 

weight 

proportion 

Main weight 

proportion 

Weight 

in HC  

Hards/ 
Interburden 

TESPES29 61 72 Bench 12 Sandstone 30% 50% 297 g 

TESPES27 47 60 Bench 12 35% 351 g 

TESPES29 50 58 Bench 10 Sandstone 22% 216 g 

TESPES33 44 49 Bench 10 14% 135 g 

TESPES27 26 28 CASC Carbonaceous 
Shale 

25% 50% 500 g 

TESPES33 29 35  75% 500 g 

 Total Weight for Kinetic Testing  2000 g 

 

 

 

 

 

 

 

 



April 2020 1784950-325695-10

 

 
  

 

Table A2: Compositing Details for Softs Overburden Humidity Cell Sample 

Material 

Type 

Borehole ID  From  To  Lithological unit Sub weight Main 

weight 

TRFHCO

B 

Softs 
Overburden 

TESPES27 1 3 CCE 33% 8% 33.8 g 

TESPES30 1 3 33.8 g 

TESPES33 1 4 CCW 33% 33.8 g 

TESPES38 1 4 33.8 g 

TESPES44 1 4 CCN 33% 33.8 g 

TESPES29 23 29 CLA 100% 16% 155.7 g 

TESPES33 20 23 155.7 g 

TESPES27 18 20 CLASHE 50% 36% 142.7 g 

TESPES29 16 23 142.7 g 

TESPES30 23 25 142.7 g 

TESPES33 10 20 CLASHW 50% 142.7 g 

TESPES38 7 10 142.7 g 

TESPES29 29 32 DBCS 50% 13% 87.6 g 

TESPES33 23 29 87.6 g 

TESPES41 14 16 DBCN 50% 87.6 g 

TESPES33 4 10 SD 100% 27% 108.6 g 

TESPES30 3 12 108.6 g 

TESPES38 4 7 108.6 g 

TESPES41 2 4 108.6 g 

TESPES44 4 5 108.6 g 

 Total Weight for Kinetic Testing  2000 g 

 

Kinetic Test Methodology 
The other sub-sample, weighing one kilogram, was subjected to kinetic tests using Humidity Cells (ASTM D-
5744-18), which covers the procedure that accelerates the natural weathering rate of geologic materials so 
that diagnostic weathering products can be produced and collected in order to quantify potential 
consequences of the weathering on receiving environmental quality. 
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The test method is a modification of an accelerated weathering method developed originally for mining wastes 
and requires weekly leachate characterisation for a minimum period of 20 weeks. 

The one-kilogram sample was placed in a humidity cells (HC) and initial week test conducted according to the 
MEND (2009) procedure. This involved soaking the sample in 750 ml of distilled water for approximately 2 
hours before draining the leachate. Thereafter, the following repetitious seven-day cycle was employed: 

 Pumping of dry air for the first three days; 

 Pumping of humid air for the following three days (from the fourth to the sixth day); and 

 Rinsing of the sample with 500 ml of distilled water and collection of leachate on the seventh day. 

The next cycle started on the eighth day and the tests were run over a period of 20 weeks. Table A3 presents 
the parameters that were measured in the leachate for each week cycle to facilitate analysis and interpretation 
of the results. 

It should be noted that actual weathering rates are highly dependent on site-specific characteristics such as 
particle size fraction, grain size morphology, configuration of the mine waste storage facility, variability of mine 
waste chemistry, climatic conditions, etc. Thus, site conditions should be factored in when using leaching and 
oxidation rates resulting from humidity cells to deduce likely site weathering rates. Field kinetic test 
programme including the installation of lysimeters could also be conducted to facilitate extrapolation of 
laboratory leaching rates. 

Table A3: Summary of humidity cell leachate analytical suite 

Material 

Type 

Parameter Analysed Frequency of measurement 

Waste rock Volume of leachate added and collected Every week from first leach 
(week 0) to week 20 

Humidifier temperature Every week (0-20) 

pH, EC, TDS, acidity, alkalinity, major cations and anions Every week (0- 20) 

Trace elements Weeks 0 - 5, 8,11, 12, 15 and 
20 
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APPENDIX B 

Detailed Geochemical Results 
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Table B1: Detailed mineralogical results 

Weathering 

Rate 

(After 

Bowell, 

2000 

Mineral 
Composition (IMA Master list, 

2017) 

RoM Interburden Overburden 

Coal 
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C
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D
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S
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Acid Forming minerals 

Fast 

reacting 

Pyrite  FeS2 
1.81 1.35 0.43 0.86 0.17 0.27 0.13 0.43 0.3 0.24 0.2 0.24 0.42 0.46 0.2 

Acid Neutralising minerals 

Dissolving Dolomite CaMg(CO3)2 0.55 0.31 0.24 nd nd 0.44 0.08 0.96 0.02 nd nd nd nd nd nd 

Calcite  Ca(CO3) 0.33 0 0.51 nd nd 35.4 0.5 21.5 0.26 nd 0.09 0.1 0.02 0.01 12.2 

Fast 

Weathering 

Siderite Fe(CO3) 
nd nd nd nd nd 0.41 0.02 0.38 nd 0.04 nd nd nd nd nd 

Slow 

weathering 

Plagioclase (Na,Ca)AlSi3O8 nd 0.62 nd nd 0.94 nd nd nd nd nd nd nd nd nd nd 

Kaolinite Al2Si2O5(OH)4 24.7 33.6 39.7 23.3 49.3 13.7 4.36 15.6 60.5 58.8 49.5 51.6 62.4 61.8 19.7 
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Weathering 

Rate 

(After 

Bowell, 

2000 

Mineral 
Composition (IMA Master list, 

2017) 
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Slow 

weathering 

Smectite (Na,Ca)0.3(Al,Mg)2Si4O10(OH)2ꞏnH2O 

nd nd nd nd nd nd nd nd 1.94 nd nd nd 2.11 2.54 5.4 

Very Slow 

Weathering 

Muscovite  KAl2(Si3Al)O10(OH)2 2.27 2.07 2.4 2.4 4.57 6.99 2.15 0 5.86 6.02 6.09 6.18 6.6 5.55 7.62 

Microcline K(AlSi3O8) nd 3.52 3.22 nd 3.21 nd nd nd nd nd nd nd nd nd nd 

Secondary 

mineral 

Gypsum  Ca(SO4)ꞏ2H2O 
0.98 0.74 1.12 0.89 1.12 nd nd nd nd nd nd nd nd nd nd 

Inert Magnetite  Fe2+Fe3+
2O4 0.16 nd 0.06 0.05 nd 0.5 0.19 0.61 0.37 0.3 0.32 0.36 0.56 0.71 0.26 

Quartz SiO2 22 17.2 44.5 67.2 22.1 42.2 89.7 60.6 30.7 34.6 43.8 41.5 27.9 29 54.7 

Organic C  
 

47.2 40.6 7.92 5.31 18.6 nd 2.82 nd nd nd nd nd nd nd nd 

Notes 

nd- not detected 
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Table B2: GAI values for RoM, interburden and overburden samples 

 Material 

Type 

Source/ 

code 

 Rock Type Al Ag As Au B Ba Be Bi C Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf Hg K La Li Mg Mn 

RoM 
Bench9  Coal 

  

0 1 1 3 0 0 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bench11 0 1 1 3 0 0 0 6 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Interburden 

Bench10 Sandstone 

  

0 2 1 3 0 0 0 5 6 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

Bench12 0 1 1 2 0 0 0 4 6 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

CASC 
Carbonaceous 

shale/coal 
0 1 0 4 1 0 0 6 6 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

Overburden 

CCE 
Calcrete 

  

  

0 0 0 2 0 1 0 3 6 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

CCW 0 0 0 1 0 0 0 2 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CCN 0 0 0 1 0 0 0 3 6 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CLA Clay 0 1 1 4 1 0 1 6 4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

CLASHE Shale with some 

Clay 

  

  

0 1 1 4 1 0 1 6 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

CLASHW 0 1 1 3 1 0 0 6 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

CLASHN 0 1 1 4 1 0 0 6 3 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

DBCS Clay (Dark 

Brown) 

  

0 1 1 4 1 1 1 6 4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

DBCN 0 1 1 4 1 1 1 6 4 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 

SD Sand 0 0 1 2 0 0 0 4 6 0 0 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 

 



April 2020 1784950-325695-10

 

 
 

 

Material 

Type 

Source/ 

code 

 Rock Type Mo Na Nb Nd Ni P Pb Pt Rb S Sb Sc Se Si Sn Sr Ta Te Th Ti Tl U V W Y Zn Zr 

RoM 
Bench9  Coal 6 0 0 0 0 0 0 6 0 6 1 0 3 0 0 0 0 4 0 0 0 0 0 0 0 0 0 

Bench11   5 0 0 0 0 0 0 6 0 5 0 0 2 0 0 0 0 5 0 0 0 0 0 1 0 0 0 

Interburden 

Bench10 Sandstone 6 0 0 0 0 0 0 6 0 3 0 0 3 0 1 0 0 5 0 0 0 0 0 1 0 0 1 

Bench12   5 0 0 0 0 0 0 6 0 4 0 0 2 0 0 0 0 5 0 0 0 0 0 1 0 0 0 

CASC 
Carbonaceous 

shale/coal 
5 0 0 0 0 0 1 6 0 3 1 0 4 0 1 0 0 5 0 0 0 0 0 2 0 0 0 

Overburden 

CCE 
Calcrete 

  

  

6 0 0 0 0 0 0 5 0 0 0 0 3 0 0 0 0 5 0 0 0 0 0 0 0 0 0 

CCW 6 0 0 0 0 0 0 4 0 0 0 0 2 0 0 0 0 5 0 0 0 0 0 0 0 0 0 

CCN 6 0 0 0 0 0 0 5 0 2 0 0 3 0 0 0 0 5 0 0 0 0 0 0 0 0 0 

CLA Clay 6 0 0 0 0 0 1 6 0 0 2 0 2 0 1 0 0 6 0 0 0 0 0 2 0 0 0 

CLASHE Shale with 

some Clay 

  

  

6 0 0 0 0 0 1 6 0 0 2 0 3 0 1 0 0 6 0 0 0 1 0 2 0 0 0 

CLASHW 6 0 0 0 0 0 1 6 0 0 1 0 2 0 1 0 0 5 0 0 0 0 0 1 0 0 0 

CLASHN 6 0 0 0 0 0 1 6 0 0 2 0 3 0 1 0 0 6 0 0 0 1 0 2 0 0 0 

DBCS Clay (Dark 

Brown) 

  

6 0 0 0 0 1 1 6 0 0 2 0 3 0 1 0 0 6 0 0 0 2 0 2 0 0 1 

DBCN 6 0 0 0 0 0 1 6 0 0 2 0 2 0 1 0 0 6 0 0 0 0 0 2 0 0 0 

SD Sand 6 0 0 0 0 0 0 6 0 0 1 0 5 0 0 0 0 5 1 0 0 0 0 0 1 0 0 
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Table B3: Kinetic testing results for Turfvlakte hard Overburden/Interburden sample 

Potential 

Constituent of 

Concern 

WK 0  WK 1  WK 2  WK 3  WK 4  WK 5  WK 6  WK 7  WK 8  WK 9  WK 10  WK 11  WK 12  WK 13  WK 14  WK 15  WK 16  WK 17  WK 18  WK 19  WK20 South African DWAF (1996) drinking 

water quality guidelines 

RQO for 

Sandloop 

quaternary 
Domestic Use Livestock Irrigation 

pH  5.5 6.4 6.4 6.3 6.3 6.2 6.2 6.0 5.7 6.0 5.8 5.7 5.7 5.7 5.4 5.5 5.3 5.3 5.3 5.4 5.2 6-9 ng 6.5-8.4 6.5-8.5 

Total Cond [mS/m] 149 99 94 75 43 45 45 58 43 35 37 37 41 36 36 32 31 36 31 42 26 ng ng 40 ≤ 55 

TDS [mg/l] 1010 862 610 576 340 320 328 328 284 230 236 246 252 240 214 218 206 228 210 266 150 450 1000 ng ng 

P Alk. [mg/l CaCO3] <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 ng ng ng ng 

M Alk. [mg/l CaCO3] 3.8 3.8 3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 ng ng ng ng 

F- [mg/l] 0.104 0.081 <0.042 0.082 0.073 0.061 0.061 0.088 0.098 0.11 0.104 0.171 0.191 0.136 0.149 0.147 0.146 0.096 0.099 0.263 0.128 1 2 2 ng 

Cl- [mg/l] 104 92 48 33 12 10 7.5 4.1 2.8 1.0 0.8 0.50 0.69 0.52 <0.25 0.27 <0.25 <0.25 0.26 0.31 0.35 100 1500 ng ng 

NO3- [mg/l] 5.0 0.43 0.28 0.42 0.26 0.23 0.13 0.17 0.15 0.14 0.44 0.15 <0.13 <0.13 0 <0.13 <0.13 <0.13 1.57 <0.13 <0.13 ng 100 ng ng 

NO3 as N [mg/l] 1.1 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 0.354 <0.13 <0.13 6 ng ng ≤ 0.1 

PO4
3- as P [mg/l] 0.034 0.01 0.0046 <0.002 0.003 <0.002 0.005 <0.002 0.002 <0.002 0.011 <0.002 0.002 0.002 0.002 0.003 <0.002 0.003 0.003 0.002 0.003 ng ng ng ng 

PO4
3- [mg/l] 0.105 0.03 0.141 <0.002 0.008 <0.002 0.017 0.006 0.007 0.004 0.034 0.006 0.007 0.007 0.007 0.008 <0.002 0.009 0.01 0.007 0.008 ng ng ng ng 

NO2
- as N [mg/l] 0.017 0.031 <0.001 <0.001 <0.001 0.005 0.001 0.008 0.005 0.005 0.004 0.01 <0.001 0.003 <0.001 <0.001 0.004 <0.001 <0.001 0.002 0.007 ng 10 ng ng 

SO4
2- [mg/l] 470 364 292 292 193 213 214 214 204 153 169 175 188 160 152 145 156 163 137 198 128 200 1000 ng ng 

Al [mg/l]     0.060  <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.050 <0.05 <0.05 <0.05 <0.05 <0.05 0.050 0.080 0.080 0.11 0.11 0.14 0.090 0.15 5 5 ≤ 0.062 

Ag [mg/l] <0.001 <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

As [mg/l] <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.01 1 0.1 ng 

Au [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

B [mg/l] 0.11 0.13 0.065 0.067 0.058 0.059 0.036 0.045 na na 0.026 na na na na 0.021 na na na na 0.022 ng 5 0.5 ng 

Ba [mg/l] 0.061 0.034 0.026 0.021 0.015 0.016 0.015 0.011 na na 0.01 na na na na 0.009 na na na na 0.008 ng ng ng ng 

Be [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na 0.001 na na na na 0.001 ng 0.1 ng ng 

Bi [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Ca [mg/l] 153 121 98 90 54 58 55 59 51 47 45 43 56 45 44 44 45 48 44 60 43 32 1000 ng ng 

Cd [mg/l] 0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 0.005 0.01 0.01 ng 

Ce [mg/l] 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Co [mg/l] 0.13 0.031 0.015 0.019 0.019 0.022 0.009 0.011 na na 0.012 na na na na 0.015 na na na na 0.015 ng 1 0.05 ≤ 0.05 
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Potential 

Constituent of 

Concern 

WK 0  WK 1  WK 2  WK 3  WK 4  WK 5  WK 6  WK 7  WK 8  WK 9  WK 10  WK 11  WK 12  WK 13  WK 14  WK 15  WK 16  WK 17  WK 18  WK 19  WK20 South African DWAF (1996) drinking 

water quality guidelines 

RQO for 

Sandloop 

quaternary 
Domestic Use Livestock Irrigation 

Cr [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.002 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Cs [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Cu [mg/l] 0.037 0.0050 0.0040 0.0070 0.0060 0.0060 <0.001 0.001 <0.05 <0.05 0.0020 <0.05 <0.05 <0.05 <0.05 0.0030 <0.05 <0.05 <0.05 <0.05 0.0030 1 0.5 0.2 ≤ 0.0048 

Fe [mg/l] 2.0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.13 <0.05 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 0.09 0.19 0.1 10 5 ≤ 0.1 

Ga [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Ge [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Hf [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Hg [mg/l] <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 0.001 0.001 ng ng 

Ho [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Ir [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

K [mg/l] 8.1 5.0 3.4 3.7 1.8 2.0 1.6 1.9 1.8 1.7 1.4 1.1 1.8 1.3 1.4 1.5 1.5 1.5 1.2 1.5 <0.05 50 ng ng ng 

La [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Li [mg/l] 0.022 0.029 0.018 0.018 0.017 0.02 0.015 0.019 na na 0.009 na na na na 0.011 na na na na 0.015 ng ng ng ng 

Mg [mg/l] 47.8 44.9 32.9 31.5 17.7 18.8 20.4 20.4 16.6 13.1 13 10 15.3 12 11.1 11.2 10.1 10.6 9.51 13.5 7.94 30 500 ng ng 

Mn [mg/l] 2.0 1.1 0.55 0.50 0.20 0.19 0.19 0.19 0.18 0.14 0.17 0.14 0.23 0.21 0.18 0.17 0.16 0.15 0.15 0.26 0.18 0.05 10 0.02 ≤ 0.15 

Mo [mg/l] <0.001 0.001 0.001 0.001 0.001 0.001 <0.001 <0.001 na na <0.001 0 0 0 0 <0.001 0 0 0 0 <0.001 ng 0.01 0.01 ng 

Na [mg/l] 51 36 23 20 9.0 8.6 7.7 6.7 5.0 3.6 3.2 2.2 3.2 2.3 2.0 2.1 1.6 1.5 1.3 1.7 1.1 100 2000 70 ng 

Nb [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 0 0 0 0 <0.001 0 0 0 0 <0.001 ng ng ng ng 

Nd [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 0 0 0 0 <0.001 0 0 0 0 <0.001 ng ng ng ng 

Ni [mg/l] 0.25 <0.05 <0.05 <0.05 0.055 0.057 <0.05 <0.05 0.05 0.05 0.067 0.05 0.06 0.05 0.06 0.07 0.07 0.07 0.07 0.1 0.07 ng 1 0.2 ≤ 0.07 

Pb [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 0.01 0.1 0.2 ≤ 0.0057 

Pt [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Rb [mg/l] 0.022 0.009 0.004 0.004 0.004 0.004 0.002 0.002 na na 0.001 na na na na 0.001 na na na na 0.001 ng ng ng ng 

Sb [mg/l] <0.001 0.001 0.002 0.001 0.003 0.004 <0.001 <0.001 na na 0.002 na na na na 0.001 na na na na 0.001 ng ng ng ng 

Sc [mg/l] 0.001 0.001 0.001 0.001 0.001 0.001 <0.001 0.001 na na 0.002 na na na na 0.001 na na na na <0.001 ng ng ng ng 
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Potential 

Constituent of 

Concern 

WK 0  WK 1  WK 2  WK 3  WK 4  WK 5  WK 6  WK 7  WK 8  WK 9  WK 10  WK 11  WK 12  WK 13  WK 14  WK 15  WK 16  WK 17  WK 18  WK 19  WK20 South African DWAF (1996) drinking 

water quality guidelines 

RQO for 

Sandloop 

quaternary 
Domestic Use Livestock Irrigation 

Se [mg/l] 0.013 0.022 0.012 0.014 0.008 0.009 0.004 0.005 na na 0.004 na na na na 0.004 na na na na 0.001 0.02 50 0.02 ng 

Si [mg/l] 3.070 0.979 0.000 0.000 0.000 0.000 0.000 0.000 na na 0.000 na na na na 0.000 na na na na 0.000 ng ng ng ng 

Sn [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Sr [mg/l] 0.455 0.309 0.227 0.193 0.173 0.154 0.102 0.109 na na 0.078 na na na na 0.076 na na na na 0.053 ng ng ng ng 

Ta [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Te [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Th [mg/l] <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 ng ng ng ng 

Ti [mg/l] <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 na na <0.05 na na na na <0.05 na na na na <0.05 ng ng ng ng 

Tl [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

U [mg/l] <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 ng ng 0.01 ng 

V [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 0.1 1 0.1 ng 

W [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Y [mg/l] 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Zn [mg/l] 2.0 0.69 1.1 2.0 1.7 1.6 1.00 1.09 na na 1.3 na na na na 1.6 na na na na 1.0 3 20 1 ≤ 0.002 

Zr [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Notes:  

ng- no guideline; blue background – exceeds DWAF guideline for domestic use; brown background – exceeds DWAF guidelines for livestock and domestic use; green background – exceeds DWAF guidelines for irrigation and domestic use; Bold exceed RQO for Sandloop quaternary 
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Table B4: Kinetic testing Data for Turfvlakte hard Overburden/Interburden sample 

Chemical Parameter (mg/l) Week 0 

02.03.201

8 

Week 1 

09.03.201

8 

Week 2 

16.03.201

8 

Week 3 

23.03.201

8 

Week 4 

30.04.201

8 

Week 5 

06.04.201

8 

Week 6 

13.04.201

6 

Week 7 

20.04.201

8 

Week 8 

27.04.201

8 

Week 9 

04.05.201

8 

Week 10 

11.05.201

8 

Week 11 

18.05.201

8 

Week 12 

25.05.201

8 

Week 13 

01.06.201

8 

Week 14 

08.06.201

8 

Week 15 

15.06.201

8 

Week 16 

22.06.201

8 

Week 17 

29.06.201

8 

Week 18 

06.07.201

8 

Week 19 

13.07.201

8 

Week 20 

20.07.201

8 

Outsourced Number OC18/41 OC18/54 OC18/67 OC18/80 OC18/98 OC18/12

2 

OC18/13

5 

OC18/14

8 

OC18/17

0 

OC18/19

9 

OC18/22

7 

OC18/24

5 

OC18/27

1 

OC18/29

4 

OC18/38

7 

OC18/40

5 

OC18/43

1 

OC18/47

6 

OC18/49

4 

OC18/51

9 

OC18/55

3 

Sample Mass in Humidity Cell 

(g) 

1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 

Leachate Volume added (ml) 750 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 

Leachate Volume recovered 

(ml) 

460 360 360 380 420 430 380 470 460 480 460 400 510 470 480 470 490 510 480 490 390 

Humidifier Temperature (°C) N\A 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 

 

Table B5: Kinetic testing results for Turfvlakte softs Overburden/Interburden sample 

 Potential 

Constituent of 

Concern  

WK 0  WK 1  WK 2  WK 3  WK 4  WK 5  WK 6  WK 7  WK 

8 

 WK 9  WK 10  WK 11  WK 12  WK 13  WK 14  WK 15  WK 16  WK 17  WK 18  WK 19  WK20 South African DWAF (1996) drinking 

water quality guidelines 

RQO for 

Sandloop 

quaternary 
Domestic Use Livestock Irrigation 

pH  5.5 6.4 6.4 6.3 6.3 6.2 6.2 6.0 5.7 6.0 5.8 5.7 5.7 5.7 5.4 5.5 5.3 5.3 5.3 5.4 5.2 6-9 ng 6.5-8.4 6.5-8.5 

Total Cond [mS/m] 149 99 94 75 43 45 45 58 43 35 37 37 41 36 36 32 31 36 31 42 26 ng ng 40 ≤ 55 

TDS [mg/l] 1010 862 610 576 340 320 328 328 284 230 236 246 252 240 214 218 206 228 210 266 150 450 1000 ng ng 

P Alk. [mg/l CaCO3] <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 <0.6 ng ng ng ng 

M Alk. [mg/l CaCO3] 3.8 3.8 3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 <3.5 ng ng ng ng 

F- [mg/l] 0.104 0.081 <0.042 0.082 0.073 0.061 0.061 0.088 0.098 0.11 0.104 0.171 0.191 0.136 0.149 0.147 0.146 0.096 0.099 0.263 0.128 1 2 2 ng 

Cl- [mg/l] 104 92 48 33 12 10 7.5 4.1 2.8 1.0 0.8 0.50 0.69 0.52 <0.25 0.27 <0.25 <0.25 0.26 0.31 0.35 100 1500 ng ng 

NO3- [mg/l] 5.0 0.43 0.28 0.42 0.26 0.23 0.13 0.17 0.15 0.14 0.44 0.15 <0.13 <0.13 0 <0.13 <0.13 <0.13 1.57 <0.13 <0.13 ng 100 ng ng 

NO3
- as N [mg/l] 1.1 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 <0.13 0.354 <0.13 <0.13 6 ng ng ≤ 0.1 

PO4
3- as P [mg/l] 0.034 0.01 0.0046 <0.002 0.003 <0.002 0.005 <0.002 0.002 <0.002 0.011 <0.002 0.002 0.002 0.002 0.003 <0.002 0.003 0.003 0.002 0.003 ng ng ng ng 

PO4
3- [mg/l] 0.105 0.03 0.141 <0.002 0.008 <0.002 0.017 0.006 0.007 0.004 0.034 0.006 0.007 0.007 0.007 0.008 <0.002 0.009 0.01 0.007 0.008 ng ng ng ng 

NO2
- as N [mg/l] 0.017 0.031 <0.001 <0.001 <0.001 0.005 0.001 0.008 0.005 0.005 0.004 0.01 <0.001 0.003 <0.001 <0.001 0.004 <0.001 <0.001 0.002 0.007 ng 10 ng ng 

SO4
2- [mg/l] 470 364 292 292 193 213 214 214 204 153 169 175 188 160 152 145 156 163 137 198 128 200 1000 ng ng 

Al [mg/l]  0.060  <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.050 <0.05 <0.05 <0.05 <0.05 <0.05 0.050 0.080 0.080 0.11 0.11 0.14 0.090 0.15 5 5 ≤ 0.062 
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 Potential 

Constituent of 

Concern  

WK 0  WK 1  WK 2  WK 3  WK 4  WK 5  WK 6  WK 7  WK 

8 

 WK 9  WK 10  WK 11  WK 12  WK 13  WK 14  WK 15  WK 16  WK 17  WK 18  WK 19  WK20 South African DWAF (1996) drinking 

water quality guidelines 

RQO for 

Sandloop 

quaternary 
Domestic Use Livestock Irrigation 

Ag [mg/l] <0.001 <0.001 0.001 0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

As [mg/l] <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.01 1 0.1 ng 

Au [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

B [mg/l] 0.11 0.13 0.065 0.067 0.058 0.059 0.036 0.045 na na 0.026 na na na na 0.021 na na na na 0.022 ng 5 0.5 ng 

Ba [mg/l] 0.061 0.034 0.026 0.021 0.015 0.016 0.015 0.011 na na 0.01 na na na na 0.009 na na na na 0.008 ng ng ng ng 

Be [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na 0.001 na na na na 0.001 ng 0.1 ng ng 

Bi [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Ca [mg/l] 153 121 98 90 54 58 55 59 51 47 45 43 56 45 44 44 45 48 44 60 43 32 1000 ng ng 

Cd [mg/l] 0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 0.005 0.01 0.01 ng 

Ce [mg/l] 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Co [mg/l] 0.13 0.031 0.015 0.019 0.019 0.022 0.009 0.011 na na 0.012 na na na na 0.015 na na na na 0.015 ng 1 0.05 ≤ 0.05 

Cr [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.002 0.002 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Cs [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Cu [mg/l] 0.037 0.0050 0.0040 0.0070 0.0060 0.0060 <0.001 0.001 <0.05 <0.05 0.0020 <0.05 <0.05 <0.05 <0.05 0.0030 <0.05 <0.05 <0.05 <0.05 0.0030 1 0.5 0.2 ≤ 0.0048 

Fe [mg/l] 2.0 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.13 <0.05 0.09 <0.05 <0.05 <0.05 <0.05 <0.05 0.09 0.19 0.1 10 5 ≤ 0.1 

Ga [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Ge [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Hf [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Hg [mg/l] <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 0.001 0.001 ng ng 

Ho [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Ir [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

K [mg/l] 8.1 5.0 3.4 3.7 1.8 2.0 1.6 1.9 1.8 1.7 1.4 1.1 1.8 1.3 1.4 1.5 1.5 1.5 1.2 1.5 <0.05 50 ng ng ng 

La [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Li [mg/l] 0.022 0.029 0.018 0.018 0.017 0.02 0.015 0.019 na na 0.009 na na na na 0.011 na na na na 0.015 ng ng ng ng 

Mg [mg/l] 47.8 44.9 32.9 31.5 17.7 18.8 20.4 20.4 16.6 13.1 13 10 15.3 12 11.1 11.2 10.1 10.6 9.51 13.5 7.94 30 500 ng ng 
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 Potential 

Constituent of 

Concern  

WK 0  WK 1  WK 2  WK 3  WK 4  WK 5  WK 6  WK 7  WK 

8 

 WK 9  WK 10  WK 11  WK 12  WK 13  WK 14  WK 15  WK 16  WK 17  WK 18  WK 19  WK20 South African DWAF (1996) drinking 

water quality guidelines 

RQO for 

Sandloop 

quaternary 
Domestic Use Livestock Irrigation 

Mn [mg/l] 2.0 1.1 0.55 0.50 0.20 0.19 0.19 0.19 0.18 0.14 0.17 0.14 0.23 0.21 0.18 0.17 0.16 0.15 0.15 0.26 0.18 0.05 10 0.02 ≤ 0.15 

Mo [mg/l] <0.001 0.001 0.001 0.001 0.001 0.001 <0.001 <0.001 na na <0.001 0 0 0 0 <0.001 0 0 0 0 <0.001 ng 0.01 0.01 ng 

Na [mg/l] 51 36 23 20 9.0 8.6 7.7 6.7 5.0 3.6 3.2 2.2 3.2 2.3 2.0 2.1 1.6 1.5 1.3 1.7 1.1 100 2000 70 ng 

Nb [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 0 0 0 0 <0.001 0 0 0 0 <0.001 ng ng ng ng 

Nd [mg/l] 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 0 0 0 0 <0.001 0 0 0 0 <0.001 ng ng ng ng 

Ni [mg/l] 0.25 <0.05 <0.05 <0.05 0.055 0.057 <0.05 <0.05 0.05 0.05 0.067 0.05 0.06 0.05 0.06 0.07 0.07 0.07 0.07 0.1 0.07 ng 1 0.2 ≤ 0.07 

Pb [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 0.01 0.1 0.2 ≤ 0.0057 

Pt [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Rb [mg/l] 0.022 0.009 0.004 0.004 0.004 0.004 0.002 0.002 na na 0.001 na na na na 0.001 na na na na 0.001 ng ng ng ng 

Sb [mg/l] <0.001 0.001 0.002 0.001 0.003 0.004 <0.001 <0.001 na na 0.002 na na na na 0.001 na na na na 0.001 ng ng ng ng 

Sc [mg/l] 0.001 0.001 0.001 0.001 0.001 0.001 <0.001 0.001 na na 0.002 na na na na 0.001 na na na na <0.001 ng ng ng ng 

Se [mg/l] 0.013 0.022 0.012 0.014 0.008 0.009 0.004 0.005 na na 0.004 na na na na 0.004 na na na na 0.001 0.02 50 0.02 ng 

Si [mg/l] 3.070 0.979 0.000 0.000 0.000 0.000 0.000 0.000 na na 0.000 na na na na 0.000 na na na na 0.000 ng ng ng ng 

Sn [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Sr [mg/l] 0.455 0.309 0.227 0.193 0.173 0.154 0.102 0.109 na na 0.078 na na na na 0.076 na na na na 0.053 ng ng ng ng 

Ta [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Te [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Th [mg/l] <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 ng ng ng ng 

Ti [mg/l] <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 na na <0.05 na na na na <0.05 na na na na <0.05 ng ng ng ng 

Tl [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

U [mg/l] <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 na na <0.0001 na na na na <0.0001 na na na na <0.0001 ng ng 0.01 ng 

V [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 0.1 1 0.1 ng 

W [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Y [mg/l] 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Zn [mg/l] 2.0 0.69 1.1 2.0 1.7 1.6 1.00 1.09 na na 1.3 na na na na 1.6 na na na na 1.0 3 20 1 ≤ 0.002 
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 Potential 

Constituent of 

Concern  

WK 0  WK 1  WK 2  WK 3  WK 4  WK 5  WK 6  WK 7  WK 

8 

 WK 9  WK 10  WK 11  WK 12  WK 13  WK 14  WK 15  WK 16  WK 17  WK 18  WK 19  WK20 South African DWAF (1996) drinking 

water quality guidelines 

RQO for 

Sandloop 

quaternary 
Domestic Use Livestock Irrigation 

Zr [mg/l] <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 na na <0.001 na na na na <0.001 na na na na <0.001 ng ng ng ng 

Notes 

ng- no guideline; blue background – exceeds DWAF guideline for domestic use; brown background – exceeds DWAF guidelines for livestock and domestic use; green background – exceeds DWAF guidelines for irrigation and domestic use; Bold exceed RQO for Sandloop quaternary 
 

Table B6: Kinetic testing Data for Turfvlakte softs overburden/Interburden sample 

Chemical Parameter (mg/l) Week 0 

02.03.201

8 

Week 1 

09.03.201

8 

Week 2 

16.03.201

8 

Week 3 

23.03.201

8 

Week 4 

30.04.201

8 

Week 5 

06.04.201

8 

Week 6 

13.04.201

6 

Week 7 

20.04.201

8 

Week 8 

27.04.201

8 

Week 9 

04.05.201

8 

Week 10 

11.05.201

8 

Week 11 

18.05.201

8 

Week 12 

25.05.201

8 

Week 13 

01.06.201

8 

Week 14 

08.06.201

8 

Week 15 

15.06.201

8 

Week 16 

22.06.201

8 

Week 17 

29.06.201

8 

Week 18 

06.07.201

8 

Week 19 

13.07.201

8 

Week 20 

20.07.201

8 

Outsourced Number OC18/42 OC18/55 OC18/68 OC18/81 OC18/99 OC18/12

3 

OC18/13

6 

OC18/14

9 

OC18/17

1 

OC18/20

0 

OC18/22

8 

OC18/24

6 

OC18/27

2 

OC18/29

5 

OC18/38

8 

OC18/40

6 

OC18/43

2 

OC18/47

7 

OC18/49

5 

OC18/52

0 

OC18/55

4 

Sample Mass in Humidity Cell 

(g) 

1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 

Leachate Volume added (ml) 750 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 

Leachate Volume recovered 

(ml) 

460 360 360 380 420 430 380 470 460 480 460 400 510 470 480 470 490 510 480 490 390 

Humidifier Temperature (°C) N\A 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 

 

Table B7: Coal, interburden and overburden assessment based on total concentrations (whole rock chemistry data)  

Potential 

Constituent of 

Concern 

Units 

GN R.635 levels of thresholds for 

total concentrations 
Coal Hards/Interburden Softs Overburden 

TCT0 TCT1 TCT2 

Coal Sandstone 
C

ar
b

o
n

ac
eo

u
s 

S
h

al
e/

C
o

al
 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Al ppm ng ng ng 45401 63501 97225 63800 109507 20747 20186 22319 129508 127285 106697 109396 131519 133265 35756 

As mg/kg 5.8 500 2000 5.6 4.5 7.1 7.0 2.3 2.8 1.5 3.4 6.4 7.4 4.0 4.7 5.7 7.2 7.6 

B mg/kg 150 15000 60000 12 12 14 8.1 21 9.1 8.0 10 28 28 25 28 37 27 15 

Ba mg/kg 62.5 6250 25000 320 146 346 159 477 990 350 400 790 480 600 530 1250 1070 540 
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Potential 

Constituent of 

Concern 

Units 

GN R.635 levels of thresholds for 

total concentrations 
Coal Hards/Interburden Softs Overburden 

TCT0 TCT1 TCT2 

Coal Sandstone 

C
ar

b
o

n
ac

eo
u

s 

S
h

al
e/

C
o

al
 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Cd mg/kg 7.5 260 1040 0.14 0.15 0.21 0.15 0.16 0.15 0.10 0.065 0.19 0.17 0.11 0.13 0.21 0.17 0.10 

Co mg/kg 50 5000 20000 8.4 8.2 10 7.6 3.2 26 17 23 5.7 5.4 6.3 8.4 4.7 6.2 21 

Cr mg/kg 46000 800000 N/A 64 88 149 121 99 71 79 114 114 125 77 88 117 107 136 

Cu mg/kg 16 19500 78000 22 23 17 15 23 12 13 13 27 26 20 20 27 31 20 

Fe ppm ng ng ng 18923 15966 7004 11067 8033 17891 13219 26200 25501 23976 13975 16982 22983 33509 46155 

Hg mg/kg 0.93 160 640 0.089 0.086 0.059 0.048 0.089 0.042 0.042 0.043 0.083 0.10 0.065 0.082 0.14 0.14 0.048 

K ppm ng ng ng 1192 1364 2301 1750 2795 4142 4458 2739 3844 4566 4914 4997 4051 3868 4748 

Mg ppm ng ng ng 1606 1026 1009 383 879 5711 22041 6392 1930 1664 2677 2738 1574 1900 5476 

Mn mg/kg 1000 25000 100000 99 56 57 56 43 1075 500 604 83 71 86 203 61 237 702 

Mo mg/kg 40 1000 4000 93 59 86 44 55 1071 503 566 117 89 144 234 88 233 634 

Na ppm ng ng ng 25 3.7 3.7 3.7 219 156 104 364 987 727 1046 720 1053 823 267 

Ni mg/kg 91 10600 42400 30 55 38 53 20 35 39 33 25 29 19 26 25 24 37 

Pb mg/kg 20 1900 7600 21 22 26 16 35 8.0 7.0 10 39 40 32 45 48 43 19 

Sb mg/kg 10 75 300 0.43 0.39 0.39 0.31 0.54 0.27 0.24 0.30 0.88 1.1 0.79 0.90 0.93 1.0 0.63 

Se mg/kg 10 50 200 0.64 0.31 0.55 0.27 1.0 0.78 0.35 0.69 0.42 0.72 0.26 0.68 0.71 0.38 1.8 

V mg/kg 150 2680 10720 43 58 102 64 83 60 86 91 163 151 122 134 136 231 149 

Zn mg/kg 240 160000 640000 33 41 68 66 24 21 22 18 37 38 33 39 40 41 28 
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Table B8: Coal, interburden and overburden samples assessment based on leachable concentrations (ASLP data, 1: 20 solid: liquid ratio). 

Potential 

Constituent 

of Concern 

Units 

GN R.635 levels of thresholds for leachable 

concentrations 
Coal Hards/Interburden Softs Overburden 

LCT0  LCT1  LCT2  LCT3  

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Coal Sandstone 

C
ar

bo
na

ce
ou

s 
Sh

al
e/

C
oa

l 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

Al mg/l ng ng ng ng 0.0051 0.00093 0.24 0.0087 0.0066 <0.001 0.14 <0.001 0.0070 0.0056 3.8 <0.001 <0.001 0.0070 0.0037 

As mg/l 0.01 0.5 1 4 0.0025 0.0022 0.25 0.0016 0.017 0.0082 0.17 0.0052 0.015 0.0031 3.9 0.012 0.0062 0.0074 0.0055 

B mg/l 0.5 25 50 200 0.033 0.032 0.035 0.051 0.11 0.036 0.019 0.084 0.065 0.033 0.015 0.065 0.059 0.098 0.050 

Ba mg/l 0.7 35 70 280 0.11 0.13 0.25 0.17 0.13 0.60 0.30 0.30 0.24 0.15 0.095 0.079 0.24 0.51 0.37 

Ca mg/l ng ng ng ng 96 46 24 15 21 18 15 17 33 21 13 5.7 22 6.5 12 

Cd mg/l 0.003 0.15 0.3 1.2 <0.0001 0.000069 <0.0001 0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.00011 <0.0001 

Co mg/l 0.5 25 50 200 0.017 0.020 0.0029 0.12 0.0063 0.0041 0.0034 0.0036 0.0036 0.0047 0.0033 0.0055 0.0035 0.0050 0.0031 

Cr mg/l 0.1 5 10 40 <0.001 <0.001 0.00069 <0.001 0.00060 0.0020 <0.001 <0.001 <0.001 0.00069 <0.001 <0.001 0.0023 0.013 0.0016 

Cu mg/l 2 100 200 800 <0.001 <0.001 <0.001 0.0080 <0.001 0.0026 0.00065 <0.001 <0.001 <0.001 0.0029 <0.001 0.011 0.034 <0.001 

Fe mg/l ng ng ng ng 0.00056 0.0019 0.0040 0.10 0.0045 0.84 0.011 0.0081 0.030 0.089 0.11 0.029 0.40 0.70 0.74 

Hg mg/l 0.006 0.3 0.6 2.4 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

K mg/l ng ng ng ng 1.1 1.4 1.6 1.8 2.2 2.4 1.6 2.4 2.5 2.3 1.4 1.0 6.9 1.6 2.0 

Mg mg/l ng ng ng ng 30 19 3.2 4.3 6.9 1.9 6.8 11 11 7.1 7.1 4.5 10 3.5 6.9 

Mn mg/l 0.5 25 50 200 1.4 1.3 0.011 0.71 0.19 0.020 <0.001 <0.001 <0.001 0.0043 <0.001 <0.001 0.023 0.033 0.0047 

Mo mg/l 0.07 3.5 7 28 <0.001 0.00093 0.035 <0.001 <0.001 0.0014 0.0012 0.00093 0.0035 0.016 0.0041 0.00082 0.0022 0.0016 0.0011 

Na mg/l ng ng ng ng 1.6 2.1 3.2 3.2 7.4 1.4 2.5 14 19 11 20 18 14 10 8.7 

Ni mg/l 0.07 3.5 7 28 0.033 0.074 0.0057 0.33 0.0096 0.0076 0.0058 0.0060 0.0074 0.0069 0.0055 0.0052 0.0092 0.010 0.0050 

Pb mg/l 0.01 0.5 1 4 <0.001 0.0012 <0.001 0.0022 0.00084 0.00063 <0.001 <0.001 <0.001 0.00097 <0.001 <0.001 0.0067 0.025 <0.001 

Sb mg/l 0.02 1 2 8 0.0014 0.0013 0.031 0.00072 0.0035 0.0012 0.037 0.0012 0.0024 0.0010 0.021 0.0013 0.0019 0.0020 0.0010 

Se mg/l 0.01 0.5 1 4 0.0021 0.0016 0.00053 <0.001 0.0035 0.0012 0.0035 <0.001 0.0028 <0.001 0.010 0.00063 0.00064 0.0050 0.0028 

Si mg/l ng ng ng ng <0.001 <0.001 0.0029 <0.001 0.0024 0.068 0.0011 <0.001 0.012 0.040 0.045 0.012 0.28 0.83 0.029 



April 2020 1784950-325695-10

 

 
  

 

Potential 

Constituent 

of Concern 

Units 

GN R.635 levels of thresholds for leachable 

concentrations 
Coal Hards/Interburden Softs Overburden 

LCT0  LCT1  LCT2  LCT3  

Bench9 Bench11 Bench10 Bench12 CASC CCE CCW CCN CLA CLASHE CLASHW CLASHN DBCS DBCN SD 

Coal Sandstone 

C
ar

bo
na

ce
ou

s 
Sh

al
e/

C
oa

l 

Calcrete Clay Shale with some Clay Dark brown Clay Sand 

V mg/l 0.2 10 20 80 <0.001 <0.001 0.0058 <0.001 <0.001 0.014 0.10 0.077 0.0045 0.0051 0.058 0.046 0.0032 0.056 0.044 

Zn mg/l 5 250 500 2000 0.071 0.075 0.030 0.58 0.072 0.097 0.025 0.017 0.055 0.046 0.023 0.022 0.23 0.090 0.033 

TDS mg/l 1000 12500 25000 100000 508 272 84 86 160 81 74 170 250 160 138 114 170 58 110 

F- mg/l 1.5 75 150 600 0.32 0.30 0.74 0.17 0.09 0.45 0.74 0.43 1.3 1.0 0.42 0.31 0.57 0.54 0.35 

Cl- mg/l 300 15000 30000 120000 1.4 1.7 5.2 3.7 12 0.28 0.69 23 38 23 21 8.3 23 3.3 5.0 

NO3- as N mg/l 11 550 1100 4400 <0.1 <0.1 <0.1 <0.1 0.14 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 

SO42- mg/l 250 12,500 25,000 100,000 298 148 31 60 84 8.7 10 18 95 42 36 15 39 7.6 12 
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ANALYTICAL REPORT: Acid / Base Accounting (ABA)

To: Golder Association Africa (Pty)Ltd Date of Request:  29/01/2018 UIS Analytical Services

Attention: David Love Analytical Chemistry
Project ID: 1784950 Laboratories 4, 6
Site Location: Turfvlakte Tel: (012) 665 4291

Order No: 99034 Fax: (012) 665 4294

Certificate of analysis: 20181

Lims Sample Note: No unauthorised copies may be made of this report.
ID ID

Paste pH
Total 

Sulphur
Acid                          
Potential (AP)

Neutralization           
Potential (NP)

Nett Neutralization
Potential (NNP)

Neutralising 
Potential Ratio
(NPR) (NP : AP)

Total 
Carbon

% kg CaCO3/t kg CaCO3/t kg CaCO3/t NP:AP %

545711 Bench9 6.04 2.540 79.4 14.7 -64.7 0.18 47.40

545712 Bench11 5.50 2.110 65.9 7.19 -58.7 0.11 39.70

545713 CASC 5.26 0.421 13.2 2.05 -11.1 0.16 18.60

545714 CCE 8.09 0.023 0.70 463 462.4 659 5.33

545715 CCW 8.29 0.021 0.66 337 336.5 511 4.31

545716 CCN 7.95 0.174 5.44 297 291.2 54.5 3.38

545717 CLA 6.96 0.060 1.87 9.48 7.61 5.08 0.35

545718 CLASHE 6.94 0.035 1.10 5.16 4.06 4.69 0.26

545718QC Pulp CLASHE 6.87 0.035 1.10 5.37 4.27 4.88 0.26

545719 CLASHW 7.07 0.021 0.66 4.83 4.17 7.33 0.21

545720 CLASHN 7.44 0.011 0.34 8.41 8.07 24.7 0.22

545721 DBCS 6.60 0.041 1.29 5.96 4.67 4.62 0.58

545722 DBCN 7.14 0.008 0.25 5.34 5.09 21.1 0.50

545723 SD 7.99 0.014 0.43 114 113.6 266 1.37

545724 Bench12 5.47 1.090 34.1 0.94 -33.1 0.03 4.81

545725 Bench10 7.20 0.500 15.6 13.0 -2.60 0.83 6.30

545726 GG/DAM/5 7.32 1.440 45.0 32.0 -13.0 0.71 47.6

545726QC Pulp GG/DAM/5 7.35 1.440 45.0 33.0 -12.0 0.73 47.6

Chemical elements: ABA

Instrument: Methohm Titrino,  LECO CS 230

Method EPA 600 Modified Sobek
Date: 20.03.2018 Date: 21.03.2018
Analysed by: E. Majola Authorised : V van Wyk Page 1 of 1



ANALYTICAL REPORT: C & S Speciation

To: Gplder Associates Africa (Pty) Ltd Date of Request: 26.01.2018 UIS Analytical Services

Attention: David Love Analytical Chemistry
Project ID: 1784950 Laboratories 4, 6
Site Location: Turfvlakte

Order No: 099034 Fax: (012) 665 4294

Certificate of analysis: 20181

Lims Sample Note: No unauthorised copies may be made of this report.
ID ID

Total 
Sulphur S (sulphide) S (sulphate)

Total 
Carbon

Organic 
Carbon

Inorganic 
Carbon

% % % % % %

545711 Bench9 2.540 1.541 0.064 47.40 44.90 2.500
545711 QC Duplicate 2.210 1.520 0.064 48.00 45.30 2.700
545712 Bench11 2.110 1.473 0.007 39.70 37.60 2.100
545713 CASC 0.421 0.212 0.018 18.60 18.00 0.600
545714 CCE 0.023 0.002 0.010 5.330 0.224 5.106
545715 CCW 0.021 0.004 0.012 4.310 0.482 3.828
545716 CCN 0.174 0.002 0.008 3.380 0.190 3.190
545717 CLA 0.060 0.001 0.012 0.353 0.346 0.007
545718 CLASHE 0.035 0.001 0.011 0.257 0.248 0.009
545719 CLASHW 0.021 0.002 0.012 0.212 0.205 0.007
545720 CLASHN 0.011 0.001 <0.01 0.221 0.211 0.010
545720 QC Duplicate 0.014 0.002 0.011 0.221 0.215 0.006
545721 DBCS 0.041 0.001 0.020 0.581 0.578 0.003
545722 DBCN 0.008 0.002 <0.01 0.498 0.484 0.014
545723 SD 0.014 0.001 <0.01 1.370 0.196 1.174
545724 Bench12 1.090 0.837 0.010 4.810 4.720 0.090
545725 Bench10 0.500 0.392 0.048 6.300 6.200 0.100
545726 GG/DAM/5 1.440 0.587 0.015 47.60 47.10 0.500

Chemical elements: C(total), C(organic), C(inorganic), S (total), S (sulphide), S (sulphate)

Instrument: ICP-OES LECO CS 230

Date: 2018.02.27 Date: 2018.02.27

Analysed by: MA Motsepe Authorised : JJ Oberholzer Page 1 of 1



ANALYTICAL REPORT: Acid / Base Accounting (ABA)

To: Golder Associates Africa (Pty) Ltd Date of Request:  08/05/2018 UIS Analytical Services

Attention: Keretia Lupankwa Analytical Chemistry

Project ID: n/a Laboratories 4, 6

Site Location: Turfvlakte - Pre Kinetic

Order No: to follow Fax: (012) 665 4294

Certificate of analysis: 21569

Lims Sample Note: No unauthorised copies may be made of this report.

ID ID

Paste pH

Total 

Sulphur

Acid                          

Potential (AP)

Neutralization           

Potential (NP)

Nett Neutralization

Potential (NNP)

Neutralising 

Potential Ratio

(NPR) (NP : AP)

Total 

Carbon

% kg CaCO3/t kg CaCO3/t kg CaCO3/t NP:AP %

558882 OC18/217/09/05/2018/PRE-KINETIC 6.02 0.420 13.109 0.87 -12.24 0.07 12.60

558883 OC18/218/09/05/2018/PRE-KINETIC 7.34 0.012 0.359 64.6 64.26 179.81 1.07

558883 QC OC18/218/09/05/2018/PRE-KINETIC 7.36 0.012 0.359 64.6 64.21 179.67 1.07

Chemical elements: ABA

Instrument: Methohm Titrino,  LECO CS 230

Method EPA 600 Modified Sobek

Date: 21.06.2018 Date: 21.06.2018

Analysed by: E. Majola Authorised : V van Wyk Page 1 of 1



ANALYTICAL REPORT: C & S Speciation

To: Golder Associates Africa (Pty) Ltd Date of Request: 09.05.2018 UIS Analytical Services

Attention: Keretia Lupankwa Analytical Chemistry

Project ID: n/a Laboratories 4, 6

Site Location: Turfvlakte - Pre Kinetic

Order No: to follow Fax: (012) 665 4294

Certificate of analysis: 21569

Lims Sample Note: No unauthorised copies may be made of this report.

ID ID

Total 

Sulphur S (sulphide) S (sulphate) Total Carbon

Organic 

Carbon

Inorganic 

Carbon

% % % % % %

558882 OC18/217/09/05/2018/PRE-KINETIC 0.417 0.335 0.032 12.6 11.9 0.66

558882 QC Duplicate 0.422 0.316 0.034 12.6 12.1 0.46

558883 OC18/218/09/05/2018/PRE-KINETIC 0.012 0.002 0.006 1.07 0.31 0.76

Chemical elements: C(total), C(organic), C(inorganic), S (total), S (sulphide), S (sulphate)

Instrument: ICP-OES LECO CS 230

Date: 24.05.2018 Date: 24.05.2018

Analysed by: MA Motsepe Authorised : JJ Oberholzer Page 1 of 1



ANALYTICAL REPORT: Major Elements
           No unauthorised copies may be made of this report.

To: Golder Association Africa (Pty)Ltd Date of Request: 29.01.2018 UIS Analytical Services

Attention: David Love Analytical Chemistry
Project ID: 1784950 Laboratories 4, 6
Site Location: Turfvlakte Tel: (012) 665 4291
Order No: 99034 Fax: (012) 665 4294
E-mail:

 Certificate of analysis: 20181

LIMS ID Sample ID Note: all results in percentage (%) unless specified otherwise
SiO2 Al2O3 Fe(tot) Fe2O3 TiO2 CaO MgO Na2O K2O MnO P2O5 Ba Ni Pb Cr Cu Sr V Zn Zr Moisture LOI Ash C S

% % % % % % % % % % % % % % % % % % % % % % % % %

545711 Bench9 23.5 8.58 1.89 2.71 0.466 0.688 0.266 0.003 0.144 0.012 0.116 0.032 0.003 0.002 0.006 0.003 0.012 0.004 0.002 0.010 0.82 62.9 37.2 47.4 2.54
545711 QC Duplicate 23.3 8.82 1.87 2.67 0.478 0.725 0.272 0.003 0.144 0.012 0.120 0.033 0.003 0.002 0.006 0.002 0.013 0.004 0.002 0.010 0.87 62.9 37.2 48.0 2.21
545712 Bench11 29.3 12.0 1.60 2.28 0.705 0.292 0.170 <0.001 0.164 0.008 0.050 0.015 0.006 0.002 0.009 0.003 0.005 0.006 0.003 0.013 0.64 54.5 45.5 39.7 2.11
545713 CASC 42.0 20.7 0.80 1.15 1.110 0.376 0.146 0.030 0.337 0.007 0.181 0.048 0.002 0.003 0.010 0.003 0.017 0.008 0.002 0.025 1.20 32.8 67.2 18.6 0.42
545714 CCE 42.4 3.92 1.79 2.56 0.212 25.550 0.947 0.021 0.499 0.138 0.018 0.099 0.003 0.003 0.008 0.001 0.013 0.006 0.002 0.008 1.00 23.8 76.2 5.33 0.02
545715 CCW 50.0 3.81 1.32 1.89 0.212 17.860 3.655 0.014 0.537 0.065 0.007 0.035 0.003 0.003 0.009 0.001 0.022 0.008 0.002 0.008 1.93 21.7 78.3 4.31 0.02
545716 CCN 57.3 4.22 2.62 3.75 0.230 15.580 1.060 0.049 0.330 0.072 0.008 0.040 0.003 0.002 0.012 0.001 0.011 0.009 0.002 0.011 1.22 17.3 82.7 3.38 0.17
545717 CLA 55.4 24.5 2.55 3.65 1.106 0.644 0.320 0.133 0.463 0.016 0.307 0.079 0.002 0.004 0.012 0.003 0.036 0.016 0.003 0.031 1.05 11.7 88.3 0.35 0.06
545718 CLASHE 58.1 24.1 2.40 3.43 1.237 0.343 0.276 0.098 0.550 0.012 0.148 0.048 0.003 0.003 0.013 0.003 0.018 0.015 0.004 0.031 0.97 11.1 88.9 0.26 0.04
545719 CLASHW 63.2 20.2 1.40 2.00 0.880 0.271 0.444 0.141 0.592 0.020 0.152 0.060 0.002 0.003 0.008 0.002 0.023 0.012 0.002 0.026 1.06 9.9 90.1 0.21 0.02
545720 CLASHN 63.0 20.7 1.70 2.43 0.862 0.340 0.454 0.097 0.602 0.031 0.136 0.053 0.003 0.005 0.009 0.002 0.017 0.012 0.003 0.030 1.26 10.5 89.5 0.22 0.01
545720 QC Duplicate 62.7 20.4 1.70 2.43 0.853 0.338 0.454 0.132 0.609 0.033 0.119 0.052 0.002 0.004 0.010 0.002 0.017 0.012 0.004 0.030 1.17 10.4 89.6 0.22 0.01
545721 DBCS 52.8 24.9 2.30 3.29 1.432 0.600 0.261 0.142 0.488 0.012 0.617 0.125 0.002 0.005 0.012 0.003 0.063 0.013 0.004 0.038 0.94 12.4 87.6 0.58 0.04
545722 DBCN 53.3 25.2 3.35 4.79 1.292 0.388 0.315 0.111 0.466 0.030 0.429 0.107 0.002 0.005 0.011 0.004 0.042 0.023 0.003 0.032 1.08 12.4 87.6 0.50 0.01
545723 SD 66.1 6.76 4.61 6.60 0.330 6.101 0.908 0.036 0.572 0.080 0.028 0.054 0.003 0.003 0.014 0.002 0.006 0.015 0.002 0.016 1.45 11.3 88.7 1.37 0.01
545724 Bench12 72.7 12.1 1.11 1.58 0.673 0.102 0.064 <0.001 0.211 0.005 0.032 0.016 0.005 0.003 0.012 0.002 0.004 0.005 0.007 0.027 0.22 11.8 88.2 4.81 1.09
545725 Bench10 62.0 18.4 0.70 1.00 1.135 0.593 0.167 <0.001 0.277 0.012 0.072 0.035 0.004 0.002 0.015 0.002 0.007 0.010 0.006 0.040 0.32 15.6 84.5 6.30 0.50
545726 GG/DAM/5 21.4 7.32 1.98 2.84 0.397 1.398 0.531 0.053 0.364 0.060 0.040 0.035 0.002 0.002 0.004 0.002 0.009 0.008 0.004 0.012 1.28 63.9 36.1 47.6 1.44

Chemical elements: Si, Al, Fe, Ti, Ca, Mg,Na, K, Mn, P, Ba, Cr, Cu, Sr, V, Zn, Zr, C,S
Instrument: ICP-OES, LECO CS 230
Method: Dolomite/Calcite by ICP-OES

Date 2018.03.07 Date: 2018.03.22
Analysed by: AM Motsepe Authorised : JJ Oberholzer Page 1 of 1



ANALYTICAL REPORT: Total Trace elements

           No unauthorised copies may be made of this report.

To: Golder Association Africa (Pty)Ltd Date of Request: 29.01.2018 UIS Analytical Services

Attention: David Love Analytical Chemistry
Project ID: 1784950 Laboratories 4, 6
Site Location: Turfvlakte Tel: (012) 665 4291
Order No: 99034 Fax: (012) 665 4294

       Certificate of analysis: 20181

Lims Sample Note: all results in percentage (%) unless specified otherwise

ID ID
Ag As Au B Ba Be Bi Cd Ce Co Cr Cs Cu Ga Ge Hf Hg Ho Ir La Li Mn

Total trace elements mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

545711 Bench9 0.21 5.60 0.05 11.9 320 2.28 0.68 0.14 2.20 8.42 63.7 0.27 21.9 15.7 2.21 3.61 0.09 0.02 0.04 2.07 24.9 99.1
545711 QC Duplicate 0.19 5.38 0.05 12.0 331 2.26 0.66 0.16 2.54 8.32 63.9 0.33 17.8 15.3 2.19 3.68 0.09 0.01 0.03 2.00 24.4 98.4
545712 Bench11 0.23 4.51 0.0 12.4 146 3.34 0.75 0.15 1.61 8.19 88.4 0.23 22.7 18.2 1.14 4.61 0.09 0.00 0.03 1.33 46.4 55.7
545713 CASC 0.30 2.34 0.08 20.9 477 4.13 1.37 0.16 2.21 3.21 99.2 0.08 23.5 26.6 1.82 6.90 0.09 0.00 0.04 2.24 60.1 43.2
545714 CCE 0.02 2.80 0.02 9.06 990 0.48 0.09 0.15 36.3 26.0 71.1 2.08 12.1 2.74 0.72 0.42 0.04 0.14 0.00 73.5 15.2 1075
545715 CCW 0.01 1.50 0.01 8.01 350 0.50 0.07 0.10 23.2 16.8 79.4 1.23 12.9 2.00 0.84 0.15 0.04 0.09 0.00 46.3 11.8 500
545716 CCN 0.04 3.41 0.01 10.4 400 0.92 0.08 0.06 32.4 22.7 114 1.92 13.3 6.11 0.86 0.95 0.04 0.09 0.01 41.4 18.5 604
545717 CLA 0.30 6.36 0.07 28.3 790 4.31 1.55 0.19 19.7 5.74 114 0.46 26.6 30.0 1.79 7.74 0.08 0.01 0.04 7.63 56.0 82.6
545718 CLASHE 0.30 7.42 0.08 27.8 480 4.79 1.60 0.17 52.4 5.41 125 0.31 26.2 34.1 2.81 7.74 0.10 0.03 0.04 12.5 54.9 70.6
545719 CLASHW 0.25 3.97 0.06 25.5 600 3.35 1.03 0.11 28.5 6.31 77.5 0.34 20.0 26.8 1.46 6.16 0.06 0.02 0.03 7.54 37.9 86.2
545720 CLASHN 0.27 4.73 0.07 27.5 530 4.19 1.25 0.13 26.6 8.39 88.2 0.12 19.8 29.5 1.73 7.08 0.08 0.02 0.04 9.39 48.5 203
545720 QC Duplicate 0.28 4.90 0.07 29.1 520 4.45 1.36 0.14 27.4 8.09 96.8 0.12 20.2 30.6 1.89 7.37 0.09 0.02 0.04 10.0 49.9 198.7
545721 DBCS 0.33 5.75 0.09 37.0 1250 5.80 1.91 0.21 35.9 4.65 117 0.16 27.0 36.8 2.61 8.75 0.14 0.03 0.04 13.4 66.0 61.4
545722 DBCN 0.31 7.15 0.10 27.4 1070 5.69 1.78 0.17 28.4 6.19 107 0.04 31.4 34.3 2.26 8.43 0.14 0.02 0.04 13.0 58.9 237
545723 SD 0.12 7.59 0.02 15.1 540 2.41 0.24 0.10 209 21.3 136 3.54 20.0 11.7 1.17 3.42 0.05 0.75 0.02 286 24.2 702
545724 Bench12 0.25 7.03 0.03 8.12 158.8 1.70 0.18 0.15 6.81 7.64 121 0.06 14.7 14.5 0.99 6.03 0.05 0.01 0.03 6.60 50.6 56.0
545725 Bench10 0.38 7.13 0.05 14.4 346.5 2.52 0.41 0.21 11.5 10.4 149 0.05 16.9 24.7 1.12 9.81 0.06 0.01 0.05 12.3 52.2 56.7
545726 GG/DAM/5 0.24 4.82 0.036 29.5 354 2.74 0.46 0.17 47.6 11.4 38.6 1.93 15.0 16.9 2.27 4.74 0.05 0.37 0.03 44.4 18.0 490

Mo Nb Nd Ni Pb Pt Rb Sb Sc Se Sn Sr Ta Te Th Tl U V W Y Zn Zr

Total trace elements mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

545711 Bench9 93 14.1 0.29 30.1 21.2 0.10 3.17 0.43 10.4 0.64 3.06 117 0.88 0.13 3.10 0.47 2.57 43.4 2.54 2.09 32.7 103
545711 QC Duplicate 93 14.0 0.25 30.0 20.8 0.09 3.04 0.43 10.2 0.59 3.09 121 0.88 0.13 2.76 0.46 2.52 43.4 2.53 1.86 32.9 103
545712 Bench11 59 17.9 0.13 55.2 21.5 0.08 4.76 0.39 10.8 0.31 3.79 47.6 0.96 0.14 1.22 0.30 2.74 57.8 3.81 0.65 41.3 130
545713 CASC 55 30.7 0.15 19.6 35.3 0.13 8.58 0.54 15.6 1.02 6.36 151 1.71 0.23 1.92 0.17 4.56 82.7 6.12 0.87 23.8 248
545714 CCE 1071 4.12 6.10 35.4 7.98 0.02 92.3 0.27 16.3 0.78 0.96 132 0.43 0.15 0.83 0.37 1.07 59.6 0.86 17.9 21.1 76.8
545715 CCW 503 3.97 4.05 39.4 7.01 0.01 69.6 0.24 15.9 0.35 0.83 226 0.35 0.18 0.20 0.21 0.72 86.3 0.67 9.98 22.4 74.4
545716 CCN 566 4.57 4.41 32.6 10.2 0.02 77.7 0.30 23.7 0.69 1.05 114 0.34 0.16 1.23 0.33 0.96 91.2 0.71 8.75 18.1 105
545717 CLA 117 32.6 0.54 24.7 39.1 0.09 14.4 0.88 21.2 0.42 6.70 312 1.66 0.37 4.64 0.38 4.47 163 5.73 2.36 37.4 311
545718 CLASHE 89 35.2 0.97 29.0 39.6 0.09 22.1 1.07 23.6 0.72 7.14 157 1.90 0.36 10.3 0.38 4.94 151 6.05 4.19 38.4 309
545719 CLASHW 144 26.4 0.66 19.3 32.4 0.08 21.2 0.79 24.2 0.26 5.54 202 1.39 0.26 5.02 0.39 3.23 122 4.72 2.76 33.3 261
545720 CLASHN 234 39.4 1.00 26.1 45.2 0.13 15.6 0.90 21.6 0.68 8.21 153 2.02 0.36 7.03 0.37 9.07 134 7.00 4.83 39.5 302
545720 QC Duplicate 246 41.2 1.06 26.2 47.3 0.10 15.1 0.91 21.3 0.72 8.60 153 2.09 0.37 7.25 0.37 9.45 136 7.17 5.19 40.6 302
545721 DBCS 88 40.9 0.92 25.3 48.2 0.09 15.3 0.93 21.6 0.71 8.42 548 2.09 0.37 8.71 0.38 9.77 136 7.90 4.72 40.3 373
545722 DBCN 233 37.5 0.93 23.9 43.4 0.09 11.8 1.04 21.3 0.38 7.82 365 2.18 0.40 7.07 0.30 4.66 231 6.91 4.31 41.2 317
545723 SD 634 7.99 26.1 36.8 18.7 0.04 113 0.63 20.7 1.83 1.85 65.4 0.45 0.21 20.9 0.39 2.17 149 1.42 118 28.3 156
545724 Bench12 44 13.4 0.55 53.1 15.8 0.07 14.1 0.31 24.1 0.27 2.19 31.1 0.69 0.16 1.16 0.40 1.95 63.8 2.80 2.65 65.6 270
545725 Bench10 86 25.9 0.80 37.5 25.8 0.11 6.48 0.39 21.2 0.55 4.48 58.6 1.24 0.16 2.50 0.28 2.70 102 4.40 2.03 67.6 395
545726 GG/DAM/5 466 17.0 6.57 20.8 19.0 0.07 9.32 0.84 14.2 1.11 4.27 88.0 0.70 0.10 15.9 0.41 2.62 81.1 2.83 42.9 48.1 126

Chemical elements: Ag, , As, Au,  B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Ga, Ge, Hf, Hg, Ho, Ir, La, Li, Mn, Mo, Nb, Nd, Ni, Pb, Pt, Rb, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Tl, U, V, W, Y, Zn, Zr
Instrument: ICP-MS
Method Trace Elements in soil by ICP-MS

Date: 23.02.2018 Date: 2018.03.22

Analysed by: A Motsepe Authorised : JJ Oberholzer Page 1 of 1



ANALYTICAL REPORT: Major Elements

           No unauthorised copies may be made of this report.

To: Golder Associates Africa (Pty) Ltd Date of Request: 09.05.2018 UIS Analytical Services

Attention: Keretia Lupankwa Analytical Chemistry

Project ID: n/a Laboratories 4, 6

Site Location: Turfvlakte - Pre Kinetic Tel: (012) 665 4291

Order No: to follow Fax: (012) 665 4294

 Certificate of analysis: 21569

LIMS ID Sample ID Note: all results in percentage (%) unless specified otherwise

SiO2 Al2O3 Fe(tot) Fe2O3 TiO2 CaO MgO Na2O K2O MnO P2O5 Ba Ni Pb Cr Cu Sr V Zn Zr Moisture LOI C S

% % % % % % % % % % % % % % % % % % % % % % % %

558882 OC18/217/09/05/2018/PRE-KINETIC 55.9 17.5 0.860 1.23 0.971 0.280 0.118 0.039 0.291 0.007 0.121 0.025 0.002 0.001 0.019 0.001 0.011 0.008 0.004 0.028 0.22 23.0 12.6 0.42

558882 QC Duplicate 55.3 17.4 0.901 1.29 0.968 0.286 0.119 0.035 0.296 0.007 0.102 0.025 0.002 0.001 0.017 0.002 0.011 0.008 0.004 0.027 0.22 23.1 12.6 0.42

558883 OC18/218/09/05/2018/PRE-KINETIC 59.9 17.5 2.839 4.06 0.867 3.73 0.68 0.101 0.590 0.039 0.170 0.055 0.003 0.001 0.012 0.003 0.022 0.014 0.003 0.022 0.00 11.5 1.07 0.012

Chemical elements: Si, Al, Fe, Ti, Ca, Mg,Na, K, Mn, P, Ba, Ni, Pb, Cr, Cu, Sr, V, Zn, Zr, C,S

Instrument: ICP-OES, LECO CS 230

Method: Dolomite/Calcite by ICP-OES

Date 24.05.2018 Date: 24.05.2018

Analysed by: MA Motsepe Authorised : JJ Oberholzer Page 1 of 1



ANALYTICAL REPORT: Total Trace elements

           No unauthorised copies may be made of this report.

To: Golder Associates Africa (Pty) Ltd Date of Request :09.05.2018 UIS Analytical Services

Attention: Keretia Lupankwa Analytical Chemistry

Project ID: n/a Laboratories 4, 6

Site Location: Turfvlakte - Pre Kinetic Tel: (012) 665 4291

Order No: to follow Fax: (012) 665 4294

       Certificate of analysis: 21569

Lims Sample Note: all results in percentage (%) unless specified otherwise

ID ID

Ag As Au B Ba Be Bi Cd Ce Co Cr Cs Cu Ga Ge Hf Hg Ho Ir La Li Mn Mo

Total trace elements mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

558882 OC18/217/09/05/2018/PRE-KINETIC 0.52 4.07 0.37 18.8 258 3.55 0.80 0.22 2.60 3.99 175 0.24 22.0 25.5 1.79 9.28 0.07 <0.01 0.18 0.99 115.5 54.5 6.66

558882 QC Duplicate 0.49 4.07 0.35 19.0 253 3.58 0.79 0.21 2.30 3.97 177 0.23 23.0 25.2 1.78 9.31 0.11 <0.01 0.17 0.89 114.5 53.7 6.71

558883 OC18/218/09/05/2018/PRE-KINETIC 0.27 6.99 0.27 31.9 556 4.09 0.98 0.13 187 17.9 114 0.89 26.7 28.7 2.32 8.30 0.09 0.04 0.16 42.84 82.0 354 2.63

Nb Nd Ni Pb Pt Rb Sb Sc Se Sn Sr Ta Te Th Tl U V W Y Zn Zr

Total trace elements mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

558882 OC18/217/09/05/2018/PRE-KINETIC 27.1 0.15 30.2 8.79 0.52 8.89 0.41 29.1 0.26 4.27 105 0.56 0.16 1.91 0.02 4.42 80.6 5.14 0.43 43.0 268

558882 QC Duplicate 27.2 0.12 31.4 8.28 0.45 8.40 0.40 28.7 0.39 4.20 104 0.54 0.15 1.64 0.02 4.39 82.9 5.29 0.37 48.8 269

558883 OC18/218/09/05/2018/PRE-KINETIC 27.7 8.38 31.7 8.43 0.30 11.3 0.52 32.0 0.87 3.87 214 0.56 0.15 16.9 0.04 4.66 154 4.58 11.3 32.1 224

Chemical elements: Ag, , As, Au,  B, Ba, Be, Bi, Cd, Ce, Co, Cr, Cs, Cu, Ga, Ge, Hf, Hg, Ho, Ir, La, Li, Mn, Mo, Nb, Nd, Ni, Pb, Pt, Rb, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Tl, U, V, W, Y, Zn, Zr

Instrument: ICP-MS

Method Trace Elements in soil by ICP-MS

Date: 28.06.2018 Date: 28.06.2018

Analysed by: MA Motsepe Authorised : JJ Oberholzer Page 1 of 1



 

Limitation of Liability: Although every effort is made to provide reliable and accurate results, by use of the results the  
client agrees that “XRD Analytical and Consulting cc”  and/or its staff can only be held liable for the cost of the analysis. 

 
 
 
 
 
 
 
CLIENT: UIS 
 
DATE:  21 February 2018 
 
SAMPLES: 16 Samples (Request 20181)  
 
ANALYSIS: Qualitative and quantitative XRD  
 
 
The material was prepared for XRD analysis using a back loading preparation method. 
It was analysed with a PANalytical  Empyrean 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.  

 Due to crystallite size and preferred orientation effects, results may not be as accurate as 
shown in the table. 

 Traces of additional minerals such as plagioclase may be present. 
 Samples may contain organic carbon – quantification should be viewed as semi-quantitative, 

resulting in overall semi-quantitative results. The amounts were fine-tuned using C values 
provided by the client.  

 Sample 545726 – indicated as GG/DAM/5 was labeled as Sample 16 on the sample bag and 
reported as such. 

 Amorphous phases, if present, were not taken into consideration during quantification. 
 
 
 
 

If you have any further queries, kindly contact me. 
 

 
 
Dr. Sabine Verryn (Pr.Sci.Nat)  
 
Samples will be stored for 3 months after which they will be discarded. 

 



XRD Analytical and Consulting cc 
 

Limitation of Liability: Although every effort is made to provide reliable and accurate results, by use of the results the  
client agrees that “XRD Analytical and Consulting cc”  and/or its staff can only be held liable for the cost of the analysis. 

 
 

Quartz Siderite Kaolinite Pyrite  Muscovite  Dolomite Calcite  Gypsum  Smectite Magnetite  Microcline Plagioclase Organic 
C  

UIS_20181_545711_Bench9 22.03 0 24.72 1.81 2.27 0.55 0.33 0.98 0 0.16 0 0 47.15 

UIS_20181_545712_Bench11 17.24 0 33.56 1.35 2.07 0.31 0 0.74 0 0 3.52 0.62 40.6 

UIS_20181_545713_CASC 22.09 0 49.31 0.17 4.57 0 0 1.12 0 0 3.21 0.94 18.6 

UIS_20181_545714_CCE 42.23 0.41 13.7 0.27 6.99 0.44 35.44 0 0 0.5 0 0 0 

UIS_20181_545715_CCW 89.74 0.02 4.36 0.13 2.15 0.08 0.5 0 0 0.19 0 0 2.82 

UIS_20181_545716_CCN 60.55 0.38 15.61 0.43 0 0.96 21.45 0 0 0.61 0 0 0 

UIS_20181_545717_CLA 30.73 0 60.53 0.3 5.86 0.02 0.26 0 1.94 0.37 0 0 0 

UIS_20181_545718_CLASHE 34.57 0.04 58.83 0.24 6.02 0 0 0 0 0.3 0 0 0 

UIS_20181_545719_CLASHW 43.81 0 49.51 0.2 6.09 0 0.09 0 0 0.32 0 0 0 

UIS_20181_545720_CLASHN 41.52 0 51.6 0.24 6.18 0 0.1 0 0 0.36 0 0 0 

UIS_20181_545721_DBCS 27.9 0 62.38 0.42 6.6 0 0.02 0 2.11 0.56 0 0 0 

UIS_20181_545722_DBCN 28.95 0 61.77 0.46 5.55 0 0.01 0 2.54 0.71 0 0 0 

UIS_20181_545723_SD 54.69 0 19.65 0.2 7.62 0 12.18 0 5.4 0.26 0 0 0 

UIS_20181_545724_Bench12 67.23 0 23.27 0.86 2.4 0 0 0.89 0 0.05 0 0 5.31 

UIS_20181_545725_BENCH10 44.46 0 39.65 0.43 2.4 0.24 0.51 1.12 0 0.06 3.22 0 7.92 

UIS_20181_545726_SAMPLE16 22.23 1.4 17.77 1 4.19 1.6 0.79 1.68 0 1.14 0 0 48.2 

 
0 = n.d. – not detected above the detection limit of 0.5-3 weight per cent 

 
 



XRD Analytical and Consulting cc 
 

Limitation of Liability: Although every effort is made to provide reliable and accurate results, by use of the results the  
client agrees that “XRD Analytical and Consulting cc”  and/or its staff can only be held liable for the cost of the analysis. 
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Limitation of Liability: Although every effort is made to provide reliable and accurate results, by use of the results the  
client agrees that “XRD Analytical and Consulting cc”  and/or its staff can only be held liable for the cost of the analysis. 

 
 
 
 
 
 
 
CLIENT: UIS 
 
DATE:  29 May 2018 
 
SAMPLES: 2 Samples (Request 21569)  
 
ANALYSIS: Qualitative and quantitative XRD  
 
 
The material was prepared for XRD analysis using a back loading preparation method. 
It was analysed with a 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.  

• Due to crystallite size and preferred orientation effects, results may not be as accurate as 
shown in the table.  

• Traces of additional minerals may be present.  
• Amorphous phases, if present, were not taken into consideration during quantification. 

 
 
 
 

If you have any further queries, kindly contact me. 
 

 
 
Dr. Sabine Verryn (Pr.Sci.Nat)  
 
Samples will be stored for 3 months after which they will be discarded. 

 



XRD Analytical and Consulting cc 
 

Limitation of Liability: Although every effort is made to provide reliable and accurate results, by use of the results the  
client agrees that “XRD Analytical and Consulting cc”  and/or its staff can only be held liable for the cost of the analysis. 

 
 

 
 
 
 

 
0 = n.d. – not detected above the detection limit of 0.5-3 weight per cent 

 
 
 
  
 
 

 
Quartz  Chlorite Dolomite  Muscovite  Siderite Kaolinite Calcite 

21569_558882_OC18_217_09_05_2018_PRE-KINETIC 33.56 0.01 0.28 1 0.18 64.74 0.24 

21569_558883_OC18_218_09_05_2018_PRE-KINETIC 32.98 0.02 0 0.96 0.06 62.42 3.56 



XRD Analytical and Consulting cc 
 

Limitation of Liability: Although every effort is made to provide reliable and accurate results, by use of the results the  
client agrees that “XRD Analytical and Consulting cc”  and/or its staff can only be held liable for the cost of the analysis. 
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 Peak List

 Quartz low; O2 Si1

 Clinochlore IIb-2; H8 Al2.651 Fe1.69 Mg2.96 O18 Si2.624

 Dolomite; C2 Ca1 Mg1 O6

 Muscovite 2M1; H8 Al12 K4 O48 Si12

 Kaolinite 1A; H8 Al4 O18 Si4

 Calcite; C1 Ca1 O3



ANALYTICAL REPORT: Particle Size Distrubution

To: Golder Associates Africa (Pty) Ltd Date of Request: 09.05.2018 UIS Analytical Services

Attention: Keretia Lupankwa Analytical Chemistry

Project ID: n/a Laboratories 4, 6

Site Location: Turfvlakte - Pre Kinetic

Order No: to follow Fax: (012) 665 4294

Certificate of analysis: 21569

Lims Sample Note: No unauthorised copies may be made of this report.

ID ID

Sieve Diameter 

(mm)

Mass of 

Empty 

Sieve 

Mass of 

Sieve + Soil 

Retained 

Mass of Soil 

Retained 

Percent 

Retained

Percent 

Passed

mm g g g % %

558882 OC18/217/09/05/2018/PRE-KINETIC 12.50 1732 1732 0.00 0.00 100

9.500 1740 1744 4.00 5.13 94.9

6.300 1816 1822 6.00 7.69 87.2

3.350 1914 1924 10.0 12.8 74.4

2.360 1643 1651 8.00 10.3 64.1

1.000 1467 1483 16.0 20.5 43.6

0.850 1538 1541 3.00 3.85 39.7

0.500 1403 1411 8.00 10.3 29.5

0.200 1489 1499 10.0 12.8 16.7

0.150 1463 1464 1.00 1.28 15.4

0.075 1439 1445 6.00 7.69 7.69

-0.075 1380 1386 6.00 7.69 0.00

78.00 100.00

Chemical elements: PSD

Instrument: Balance

Method: PSD on Soil/Ore

Date: 01.06.2018 Date: 01.06.2018

Analysed by: Black/MA Motsepe Authorised : V. van Wyk Page 1 of 1



ANALYTICAL REPORT: Water Leach

           No unauthorised copies may be made of this report.

To: Gplder Associates Africa (Pty) Ltd Date of Request : 26.01.2018 UIS Analytical Services
Attention: David Love Analytical Chemistry
Project ID: 1784950 Laboratories 4, 6
Site Location: Turfvlakte

Order No: 099034 Fax: (012) 665 4294

Certificate of analysis: 20181

Lims Sample Note: all results in parts per million (ppm) unless specified otherwise
ID ID

Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf Hg Ho Ir K La Li Mg Mn Mo

WATER LEACH 1:20 mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

Leach Blank <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.000 0.005 <0.0001 <0.001 0.006 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 0.009 <0.001 <0.001 0.002 <0.001 <0.001
545737 Bench9/Water/Leach 0.003 0.005 0.002 <0.001 0.033 0.110 <0.001 <0.001 96.1 <0.0001 <0.001 0.017 <0.001 <0.001 <0.001 0.001 0.002 0.001 <0.001 <0.0001 <0.001 <0.001 1.05 <0.001 0.006 30.2 1.390 <0.001
545737 QC Duplicate 0.003 <0.001 0.002 <0.001 0.036 0.112 <0.001 <0.001 97.2 <0.0001 <0.001 0.017 0.003 <0.001 <0.001 0.002 0.001 0.001 <0.001 <0.0001 <0.001 <0.001 1.01 <0.001 0.006 30.2 1.429 <0.001
545738 Bench11/Water/Leach 0.003 0.001 0.002 <0.001 0.032 0.127 <0.001 <0.001 45.6 0.0001 <0.001 0.020 <0.001 <0.001 <0.001 0.002 0.001 0.001 <0.001 <0.0001 <0.001 <0.001 1.36 <0.001 0.018 18.9 1.294 0.001
545739 CASC/Water/Leach 0.002 0.007 0.017 <0.001 0.112 0.134 <0.001 <0.001 21.0 <0.0001 <0.001 0.006 0.001 <0.001 <0.001 0.004 0.001 0.001 <0.001 <0.0001 <0.001 <0.001 2.20 <0.001 0.026 6.91 0.189 <0.001
545740 CCE/Water/Leach 0.003 <0.001 0.008 <0.001 0.036 0.598 <0.001 <0.001 18.2 <0.0001 0.001 0.004 0.002 <0.001 0.003 0.840 0.001 0.001 <0.001 <0.0001 <0.001 <0.001 2.44 0.001 <0.001 1.90 0.020 0.001
545741 CCW/Water/Leach 0.002 0.139 0.173 <0.001 0.019 0.300 <0.001 <0.001 14.7 <0.0001 <0.001 0.003 <0.001 <0.001 0.001 0.011 <0.001 0.001 <0.001 <0.0001 <0.001 <0.001 1.62 <0.001 <0.001 6.77 <0.001 0.001
545742 CCN/Water/Leach 0.002 <0.001 0.005 <0.001 0.084 0.302 <0.001 <0.001 16.5 <0.0001 <0.001 0.004 <0.001 <0.001 <0.001 0.008 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 2.40 <0.001 0.002 11.3 <0.001 0.001
545743 CLA/Water/Leach 0.001 0.007 0.015 <0.001 0.065 0.236 <0.001 <0.001 33.1 <0.0001 <0.001 0.004 <0.001 <0.001 <0.001 0.030 <0.001 0.001 <0.001 <0.0001 <0.001 <0.001 2.49 <0.001 0.006 11.3 <0.001 0.003
545744 CLASHE/Water/Leach 0.001 0.006 0.003 <0.001 0.033 0.150 <0.001 <0.001 20.7 <0.0001 0.001 0.005 0.001 <0.001 <0.001 0.089 0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 2.30 <0.001 0.003 7.10 0.004 0.016
545745 CLASHW/Water/Leach 0.001 3.790 3.932 <0.001 0.015 0.095 <0.001 <0.001 12.6 <0.0001 0.001 0.003 <0.001 <0.001 0.003 0.114 0.001 0.003 <0.001 <0.0001 <0.001 <0.001 1.38 0.001 <0.001 7.09 <0.001 0.004
545746 CLASHN/Water/Leach 0.001 <0.001 0.012 <0.001 0.065 0.079 <0.001 <0.001 5.7 <0.0001 <0.001 0.006 <0.001 <0.001 <0.001 0.029 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 1.01 <0.001 0.001 4.49 <0.001 0.001
545763 DBCS/Water/Leach 0.001 <0.001 0.006 <0.001 0.059 0.242 <0.001 <0.001 22.5 <0.0001 0.006 0.003 0.002 0.001 0.011 0.395 0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 6.93 0.002 0.018 9.70 0.023 0.002
545763 QC Duplicate 0.001 <0.001 0.006 <0.001 0.054 0.224 <0.001 <0.001 22.2 <0.0001 0.005 0.003 0.002 0.001 0.006 0.382 0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 6.83 0.002 0.018 9.64 0.020 0.002
545764 DBCN/Water/Leach 0.002 0.007 0.007 <0.001 0.098 0.510 <0.001 <0.001 6.52 0.0001 0.057 0.005 0.013 0.002 0.034 0.696 0.006 0.001 <0.001 <0.0001 <0.001 <0.001 1.56 0.026 0.013 3.53 0.033 0.002
545765 SD/Water/Leach 0.001 0.004 0.006 <0.001 0.050 0.365 <0.001 <0.001 12.3 <0.0001 0.001 0.003 0.002 <0.001 <0.001 0.740 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 1.98 <0.001 0.003 6.91 0.005 0.001
545766 Bench12 /Water/Leach 0.001 0.009 0.002 <0.001 0.051 0.174 <0.001 <0.001 14.7 0.0010 <0.001 0.117 <0.001 <0.001 0.008 0.102 0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 1.80 <0.001 0.042 4.31 0.714 <0.001
545767 Bench10/Water/Leach 0.001 0.243 0.254 <0.001 0.035 0.250 <0.001 <0.001 23.7 <0.0001 <0.001 0.003 0.001 <0.001 <0.001 0.004 0.001 0.001 <0.001 <0.0001 <0.001 <0.001 1.56 <0.001 0.008 3.24 0.011 0.035
545768 GG/DAM/Water/Leach 0.001 0.025 0.006 <0.001 0.051 0.147 <0.001 <0.001 83.7 <0.0001 <0.001 0.005 <0.001 <0.001 0.003 0.002 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 1.56 <0.001 0.008 12.0 0.348 0.004

pH pH Temp TDS EC
TDS by 

Sum
TDS by 

EC P Alk. M Alk. F Cl NO2 NO3
NO3 as 

N PO4 SO4
Sum of 
Cations

Sum of 
Anions

Ion 
Balance NH4 NH3

Acidity to 
pH8.3 CN (free)

CN 
(Total) Cr 6+ TSS TOC

WATER LEACH 1:20 Deg C mg/l mS/m mg/l mg/l
mg/l 

CaCO3
mg/l 

CaCO3 mg/l mg/l mg/l mg/l mg/l mg/l mg/l me/l me/l % mg/l mg/l
mg/l 

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

Leach Blank 5.92 22.1 <30 0.19 n/a n/a <0.6 <3.5 <0.1 <0.25 <0.2 <0.3 <0.1 <0.8 <0.3 n/a n/a n/a
545737 Bench9/Water/Leach 7.56 21.7 508 67.0 470 469 <0.6 65.6 0.32 1.39 <0.2 <0.3 <0.1 <0.8 298 7.44 7.36 0.54
545737 QC Duplicate 7.58 21.8 502 67.1 468 470 <0.6 65.1 0.27 1.47 <0.2 <0.3 <0.1 <0.8 295 7.49 7.28 1.41
545738 Bench11/Water/Leach 7.38 22.1 272 41.7 248 292 <0.6 48.3 0.30 1.66 <0.2 <0.3 <0.1 <0.8 148 4.02 3.94 1.06
545739 CASC/Water/Leach 5.67 22.3 160 22.9 136 160 <0.6 1.80 0.09 12.1 <0.2 0.61 0.14 <0.8 84.1 2.02 2.14 -2.88
545740 CCE/Water/Leach 8.29 22.4 81.0 10.9 72 76 <0.6 61.6 0.45 0.28 <0.2 <0.3 <0.1 <0.8 8.70 1.24 1.24 -0.34
545741 CCW/Water/Leach 8.65 22.4 74.0 10.9 73 76 3.00 59.5 0.74 0.69 <0.2 <0.3 <0.1 <0.8 10.0 1.47 1.36 3.91
545742 CCN/Water/Leach 8.40 22.5 170 22.0 145 154 1.00 98.1 0.43 23.4 <0.2 <0.3 <0.1 <0.8 17.6 2.44 2.72 -5.44
545743 CLA/Water/Leach 7.91 22.7 250 34.9 220 244 <0.6 31.6 1.25 38.3 <0.2 0.41 <0.1 <0.8 94.5 3.48 3.65 -2.38
545744 CLASHE/Water/Leach 8.09 22.8 160 22.0 128 154 <0.6 34.5 1.04 22.5 <0.2 <0.3 <0.1 <0.8 41.8 2.18 2.14 0.86
545745 CLASHW/Water/Leach 8.14 22.8 138 18.9 129 133 <0.6 43.8 0.42 21.4 <0.2 <0.3 <0.1 <0.8 35.9 2.55 2.11 9.51
545746 CLASHN/Water/Leach 8.18 23.4 114 14.2 84 99 <0.6 51.3 0.31 8.32 <0.2 <0.3 <0.1 <0.8 14.8 1.47 1.42 1.73
545763 DBCS/Water/Leach 7.16 23.3 170 23.9 157 167 <0.6 63.5 0.57 23.4 <0.2 <0.3 <0.1 <0.8 39.2 2.76 2.59 3.20
545763 QC Duplicate 7.15 23.4 166 22.7 155 159 <0.6 62.1 0.57 23.3 <0.2 <0.3 <0.1 <0.8 38.9 2.72 2.55 3.19
545764 DBCN/Water/Leach 7.83 23.4 58.0 7.47 62 52 <0.6 39.8 0.54 3.31 <0.2 <0.3 <0.1 <0.8 7.59 1.17 1.00 7.9
545765 SD/Water/Leach 8.46 23.4 110 15.1 87 106 1.70 64.8 0.35 4.98 <0.2 <0.3 <0.1 <0.8 11.6 1.65 1.54 3.52
545766 Bench12 /Water/Leach 4.46 23.3 86.0 14.2 90 99 <0.6 <3.5 0.17 3.67 <0.2 <0.3 <0.1 <0.8 60.1 1.34 1.36 -0.67
545767 Bench10/Water/Leach 8.05 23.3 84.0 14.4 99 101 <0.6 48.6 0.74 5.19 <0.2 <0.3 <0.1 <0.8 31.2 1.67 1.64 0.73
545768 GG/DAM/Water/Leach 7.83 23.1 358 49.1 365 344 <0.6 43.4 0.52 0.93 <0.2 <0.3 <0.1 <0.8 237 5.33 5.71 -3.42

Chemical elements: Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, Hg, Ho, Ir, K, La, Li, Mg, Mn, Mo, Na, Nb, Nd, Ni, Pb, Pt, Rb, Sb, Sc, Se, Si, Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn, Zr Anions, pH, NH4, Alkalinity, CN, Cr6+

Instrument: ICP-MS Perkin Elmer NexION 300D Ion Chromatography Spectrophotometer Ion Selective Probe

Date: 28.02.2018 Date: 19.03.2018

Analysed by: UIS Waterlab Authorised : JJ Oberholzer Page 1 of 2



To: Gplder Associates Africa (Pty) Ltd

Attention: David Love
Project ID: 1784950
Site Location: Turfvlakte

Order No: 099034

Lims Sample

ID ID

WATER LEACH 1:20

Leach Blank

545737 Bench9/Water/Leach

545737 QC Duplicate

545738 Bench11/Water/Leach

545739 CASC/Water/Leach

545740 CCE/Water/Leach

545741 CCW/Water/Leach

545742 CCN/Water/Leach

545743 CLA/Water/Leach

545744 CLASHE/Water/Leach

545745 CLASHW/Water/Leach

545746 CLASHN/Water/Leach

545763 DBCS/Water/Leach

545763 QC Duplicate

545764 DBCN/Water/Leach

545765 SD/Water/Leach

545766 Bench12 /Water/Leach

545767 Bench10/Water/Leach

545768 GG/DAM/Water/Leach

WATER LEACH 1:20

Leach Blank

545737 Bench9/Water/Leach

545737 QC Duplicate

545738 Bench11/Water/Leach

545739 CASC/Water/Leach

545740 CCE/Water/Leach

545741 CCW/Water/Leach

545742 CCN/Water/Leach

545743 CLA/Water/Leach

545744 CLASHE/Water/Leach

545745 CLASHW/Water/Leach

545746 CLASHN/Water/Leach

545763 DBCS/Water/Leach

545763 QC Duplicate

545764 DBCN/Water/Leach

545765 SD/Water/Leach

545766 Bench12 /Water/Leach

545767 Bench10/Water/Leach

545768 GG/DAM/Water/Leach

Date: 28.02.2018

Analysed by: UIS Waterlab

Na Nb Nd Ni Pb Pt Rb Sb Sc Se Si Sn Sr Ta Te Th Ti Tl U V W Y Zn Zr

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

0.011 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 <0.0001 <0.001 <0.001 <0.001 0.002 <0.001
1.60 <0.001 <0.001 0.033 <0.001 <0.001 0.001 0.001 <0.001 0.002 <0.001 <0.001 0.095 <0.001 <0.001 <0.0001 <0.001 <0.001 0.0002 <0.001 <0.001 <0.001 0.071 <0.001
1.58 <0.001 <0.001 0.032 <0.001 <0.001 0.001 0.001 <0.001 0.001 <0.001 0.001 0.096 <0.001 <0.001 <0.0001 <0.001 <0.001 0.0002 <0.001 <0.001 <0.001 0.052 <0.001
2.11 <0.001 <0.001 0.074 0.001 <0.001 0.002 0.001 <0.001 0.002 <0.001 <0.001 0.110 <0.001 <0.001 <0.0001 <0.001 <0.001 0.0001 <0.001 <0.001 <0.001 0.075 <0.001
7.40 <0.001 <0.001 0.010 0.001 <0.001 0.004 0.003 0.001 0.003 0.002 <0.001 0.058 <0.001 <0.001 <0.0001 0.002 <0.001 <0.0001 <0.001 <0.001 <0.001 0.072 <0.001
1.43 <0.001 <0.001 0.008 0.001 <0.001 0.004 0.001 0.011 0.001 0.068 <0.001 0.083 <0.001 <0.001 0.0001 0.068 <0.001 0.0002 0.014 0.001 <0.001 0.097 <0.001
2.47 <0.001 <0.001 0.006 <0.001 <0.001 0.002 0.037 0.014 0.004 0.001 <0.001 0.171 <0.001 0.004 <0.0001 0.001 <0.001 0.0002 0.103 0.001 <0.001 0.025 <0.001
14.0 <0.001 <0.001 0.006 <0.001 <0.001 0.002 0.001 0.014 <0.001 <0.001 <0.001 0.205 <0.001 0.001 <0.0001 <0.001 <0.001 0.0003 0.077 0.001 <0.001 0.017 <0.001
18.8 <0.001 <0.001 0.007 <0.001 <0.001 0.003 0.002 0.003 0.003 0.012 <0.001 0.141 <0.001 <0.001 <0.0001 0.012 <0.001 0.0002 0.005 <0.001 <0.001 0.055 <0.001
11.2 <0.001 <0.001 0.007 0.001 <0.001 0.002 0.001 0.004 <0.001 0.040 <0.001 0.091 <0.001 <0.001 0.0001 0.040 <0.001 0.0001 0.005 <0.001 <0.001 0.046 <0.001
20.0 <0.001 <0.001 0.006 <0.001 <0.001 0.001 0.021 0.009 0.010 0.045 <0.001 0.082 <0.001 0.003 0.0001 0.045 <0.001 0.0001 0.058 0.002 <0.001 0.023 <0.001
17.8 <0.001 <0.001 0.005 <0.001 <0.001 0.001 0.001 0.011 0.001 0.012 <0.001 0.041 <0.001 0.001 <0.0001 0.012 <0.001 0.0001 0.046 0.001 <0.001 0.022 <0.001
14.3 0.001 0.002 0.009 0.007 <0.001 0.008 0.002 0.005 0.001 0.281 <0.001 0.113 <0.001 0.001 0.0005 0.281 <0.001 0.0005 0.003 <0.001 0.001 0.226 0.003
14.1 0.001 0.001 0.009 0.003 <0.001 0.007 0.002 0.005 0.005 0.277 <0.001 0.103 <0.001 <0.001 0.0005 0.277 <0.001 0.0005 0.004 <0.001 0.001 0.108 0.003
10.4 0.007 0.024 0.010 0.025 <0.001 0.006 0.002 0.022 0.005 0.830 <0.001 0.181 0.001 0.001 0.0062 0.430 <0.001 0.0012 0.056 0.001 0.019 0.090 0.042
8.69 <0.001 <0.001 0.005 <0.001 <0.001 0.002 0.001 0.015 0.003 0.029 <0.001 0.109 <0.001 <0.001 <0.0001 0.029 <0.001 0.0002 0.044 0.001 <0.001 0.033 <0.001
3.20 <0.001 <0.001 0.327 0.002 <0.001 0.003 0.001 0.002 <0.001 <0.001 <0.001 0.057 <0.001 <0.001 <0.0001 <0.001 <0.001 <0.0001 <0.001 <0.001 <0.001 0.577 <0.001
3.22 <0.001 <0.001 0.006 <0.001 <0.001 0.003 0.031 <0.001 0.001 0.003 <0.001 0.064 <0.001 <0.001 <0.0001 0.003 <0.001 0.0002 0.006 0.003 <0.001 0.030 <0.001
2.24 <0.001 <0.001 0.007 <0.001 <0.001 0.005 0.002 <0.001 0.001 <0.001 <0.001 0.229 <0.001 <0.001 <0.0001 <0.001 <0.001 0.0005 <0.001 <0.001 <0.001 0.039 <0.001

Page 2 of 2



ANALYTICAL REPORT: NAG Solutions

           No unauthorised copies may be made of this report.

To: Gplder Associates Africa (Pty) Ltd Date of Request : 26.01.2018 UIS Analytical Services
Attention: David Love Analytical Chemistry
Project ID: 1784950 Laboratories 4, 6
Site Location: Turfvlakte

Order No: 099034 Fax: (012) 665 4294

Certificate of analysis: 20181

Lims Sample Note: all results in parts per million (ppm) unless specified otherwise
ID ID

Ag Al As Au B Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf Hg Ho Ir K La Li Mg Mn Mo

NAG SOLUTIONS mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

NAG Blank <0.001 0.07 <0.001 <0.001 0.043 <0.001 <0.001 <0.001 0.40 <0.0001 <0.001 0.002 0.009 0.002 <0.001 0.012 <0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 0.02 <0.001 <0.001 0.06 0.003 <0.001
545747 Bench9/NAG 0.001 3.07 0.049 <0.001 0.275 0.244 0.014 0.001 54.5 0.0031 0.008 0.089 0.071 0.003 0.291 129 0.007 0.002 0.001 <0.0001 0.002 <0.001 0.95 0.003 0.007 16.5 0.79 0.010

545747 QC Duplicate 0.001 3.28 0.048 <0.001 0.271 0.247 0.014 0.001 55.5 0.0032 0.008 0.089 0.070 0.003 0.290 140 0.007 0.002 0.001 <0.0001 0.002 <0.001 0.98 0.003 0.007 16.6 0.79 0.010
545748 Bench11/NAG 0.001 3.81 0.094 <0.001 0.235 0.251 0.021 0.004 21.2 0.0017 0.010 0.095 0.084 0.002 0.380 132 0.007 0.001 0.001 <0.0001 0.001 <0.001 1.36 0.003 0.014 9.11 0.51 0.018
545749 CASC/NAG 0.001 10.3 0.014 <0.001 0.526 0.605 0.042 0.003 23.1 0.0010 0.024 0.018 0.192 0.003 0.332 28.8 0.008 0.001 0.006 0.0001 0.003 <0.001 2.31 0.010 0.021 4.08 0.34 0.008
545750 CCE/NAG <0.001 0.08 0.061 <0.001 0.132 0.620 <0.001 <0.001 49.0 <0.0001 0.002 0.037 0.028 <0.001 0.019 0.099 0.003 <0.001 <0.001 <0.0001 <0.001 <0.001 2.92 0.001 0.004 3.61 2.42 0.005
545751 CCW/NAG <0.001 0.28 0.011 <0.001 0.144 0.467 <0.001 <0.001 46.6 0.0004 0.001 0.015 0.026 <0.001 0.016 0.259 0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 3.53 0.000 0.006 13.2 0.30 0.004
545752 CCN/NAG <0.001 0.03 0.016 <0.001 0.168 0.346 <0.001 <0.001 43.7 <0.0001 0.002 0.013 0.034 <0.001 0.019 0.032 0.001 <0.001 <0.001 <0.0001 <0.001 <0.001 2.29 0.001 0.009 10.7 0.68 0.004
545753 CLA/NAG <0.001 0.55 0.023 <0.001 0.220 0.408 0.003 <0.001 25.1 0.0001 0.018 0.008 0.045 0.001 0.042 0.192 0.004 <0.001 <0.001 0.0001 <0.001 <0.001 1.42 0.006 0.020 5.92 0.32 0.005
545754 CLASHE/NAG <0.001 1.24 0.010 <0.001 0.201 0.382 0.008 <0.001 13.5 0.0003 0.038 0.014 0.055 0.001 0.046 0.332 0.006 <0.001 0.001 0.0002 0.001 <0.001 1.31 0.014 0.019 4.02 0.22 0.011
545755 CLASHW/NAG <0.001 1.09 0.005 <0.001 0.202 0.419 0.004 <0.001 8.76 <0.0001 0.022 0.012 0.035 <0.001 0.022 0.246 0.004 <0.001 <0.001 <0.0001 <0.001 <0.001 1.78 0.008 0.011 4.67 0.43 0.004
545756 CLASHN/NAG <0.001 1.09 0.007 <0.001 0.195 0.444 0.003 <0.001 12.1 0.0001 0.021 0.034 0.034 <0.001 0.032 0.264 0.004 <0.001 <0.001 <0.0001 <0.001 <0.001 1.24 0.009 0.012 6.03 0.95 0.005
545756 QC Duplicate <0.001 0.90 0.004 <0.001 0.184 0.415 0.003 <0.001 11.5 <0.0001 0.016 0.031 0.035 <0.001 0.030 0.222 0.003 <0.001 <0.001 <0.0001 <0.001 <0.001 1.11 0.008 0.011 5.84 0.84 0.004
545757 DBCS/NAG <0.001 1.90 0.043 <0.001 0.183 0.216 0.012 <0.001 15.9 0.0002 0.001 0.008 0.090 <0.001 0.076 0.509 0.001 <0.001 <0.001 0.0003 <0.001 <0.001 1.52 0.001 0.012 4.49 0.16 0.007
545758 DBCN/NAG <0.001 1.89 0.010 <0.001 0.239 0.424 0.012 <0.001 8.23 <0.0001 0.001 0.016 0.064 <0.001 0.074 0.349 0.001 <0.001 <0.001 0.0003 <0.001 <0.001 1.27 0.001 0.010 4.05 0.61 0.005
545759 SD/NAG <0.001 0.11 0.004 <0.001 0.147 0.459 <0.001 <0.001 32.9 <0.0001 0.003 0.024 0.028 <0.001 0.009 0.081 0.002 <0.001 <0.001 <0.0001 <0.001 <0.001 2.56 0.001 0.005 9.22 1.37 0.004
545760 Bench12 /NAG <0.001 4.39 0.037 <0.001 0.263 0.252 0.008 <0.001 16.6 0.0012 0.005 0.087 0.062 0.001 0.259 27.2 0.004 <0.001 <0.001 <0.0001 <0.001 <0.001 1.13 0.003 0.020 2.22 0.24 0.113
545761 Bench10/NAG <0.001 4.81 0.035 <0.001 0.257 0.408 0.007 <0.001 42.8 0.0014 0.012 0.114 0.073 0.001 0.253 4.25 0.006 <0.001 <0.001 <0.0001 <0.001 <0.001 1.19 0.005 0.033 8.34 0.70 0.017
545762 GG/DAM/NAG <0.001 6.21 0.028 <0.001 0.390 0.511 0.012 0.001 97.6 0.0017 0.011 0.058 0.050 0.002 0.254 28.7 0.009 0.002 0.002 <0.0001 0.002 <0.001 1.90 0.005 0.014 26.55 2.79 0.012

pH pH Temp TDS EC
TDS by 

Sum
TDS by 

EC P Alk. M Alk. F Cl NO2 NO3 NO3 as N PO4 SO4
Sum of 
Cations

Sum of 
Anions

Ion 
Balance NH4 NH3

Acidity to 
pH8.3 CN (free)

CN 
(Total) Cr 6+ TSS TOC

NAG SOLUTIONS Deg C mg/l mS/m mg/l mg/l
mg/l 

CaCO3
mg/l 

CaCO3 mg/l mg/l mg/l mg/l mg/l mg/l mg/l me/l me/l % mg/l mg/l
mg/l 

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

NAG Blank 4.14 24.9 198 23.7 n/a 166 <0.6 <3.5 <0.1 <0.25 <0.2 <0.3 <0.1 <0.8 2.18 n/a n/a n/a

545747 Bench9/NAG 2.11 23.0 1070 166 855 1159 <0.6 <3.5 <0.1 6.96 <0.2 109 24.6 <0.8 477 11.2 12.1 -3.74

545747 QC Duplicate 2.13 22.8 1066 157 869 1099 <0.6 <3.5 <0.1 6.88 <0.2 112 25.3 <0.8 473 11.8 12.1 -1.19
545748 Bench11/NAG 2.09 23.3 916 128 736 897 <0.6 <3.5 <0.1 6.80 <0.2 68.5 15.5 <0.8 431 9.21 10.5 -6.78
545749 CASC/NAG 2.25 23.4 446 62.5 296 437 <0.6 <3.5 <0.1 <0.25 <0.2 <0.3 <0.1 <0.8 107 5.98 4.02 19.5
545750 CCE/NAG 6.98 23.5 370 48.0 252 336 <0.6 156 0.32 4.81 <0.2 0.63 0.14 <0.8 17.2 5.01 3.87 12.8
545751 CCW/NAG 7.23 23.8 372 51.7 401 362 <0.6 381 0.28 0.26 <0.2 0.65 0.15 <0.8 16.8 5.49 7.9 -18.2
545752 CCN/NAG 7.14 24.5 392 50.8 370 355 <0.6 339 0.16 <0.25 <0.2 <0.3 <0.1 <0.8 16.1 5.41 7.07 -13.3
545753 CLA/NAG 5.41 24.9 310 41.5 255 291 <0.6 34.3 0.14 9.84 <0.2 <0.3 <0.1 <0.8 32.0 4.13 4.33 -2.5
545754 CLASHE/NAG 4.34 25.0 208 31.4 194 219 <0.6 <3.5 0.15 6.75 <0.2 <0.3 <0.1 <0.8 13.6 3.43 3.14 4.50
545755 CLASHW/NAG 4.08 25.1 268 30.7 182 215 <0.6 <3.5 <0.1 0.28 <0.2 0.53 0.12 <0.8 9.41 3.29 2.89 6.47
545756 CLASHN/NAG 4.40 25.0 228 31.2 195 219 <0.6 <3.5 <0.1 3.25 <0.2 6.10 1.38 <0.8 6.54 3.59 3.07 7.76
545756 QC Duplicate 4.49 25.0 224 30.8 198 215 <0.6 <3.5 <0.1 3.41 <0.2 6.64 1.50 <0.8 6.70 3.50 3.20 4.47
545757 DBCS/NAG 4.36 25.0 250 30.5 210 213 <0.6 <3.5 0.22 5.22 <0.2 20.9 4.72 <0.8 15.9 3.42 3.39 0.36
545758 DBCN/NAG 4.06 25.0 268 29.9 197 209 <0.6 <3.5 0.14 6.51 <0.2 0.42 0.09 <0.8 14.9 3.39 3.21 2.76
545759 SD/NAG 6.26 25.0 320 43.6 236 305 <0.6 154 0.13 <0.25 <0.2 0.90 0.20 <0.8 15.6 4.71 3.70 11.9
545760 Bench12 /NAG 2.33 25.0 386 59.4 404 416 <0.6 <3.5 0.15 4.92 <0.2 26.6 6.01 <0.8 259 4.70 6.24 -14.1
545761 Bench10/NAG 2.87 24.9 348 64.5 393 451 <0.6 <3.5 0.17 7.29 <0.2 <0.3 <0.1 <0.8 147 5.80 6.54 -6.0
545762 GG/DAM/NAG 2.75 24.9 648 91.2 593 639 <0.6 <3.5 <0.1 3.33 <0.2 1.64 0.37 <0.8 239 11.15 8.59 13.0

Chemical elements: Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, Hg, Ho, Ir, K, La, Li, Mg, Mn, Mo, Na, Nb, Nd, Ni, Pb, Pt, Rb, Sb, Sc, Se, Si, Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn, Zr Anions, pH, NH4, Alkalinity, CN, Cr6+

Instrument: ICP-MS Perkin Elmer NexION 300D Ion Chromatography Spectrophotometer Ion Selective Probe

Date: 19.03.2018 Date: 23.03.2018

Analysed by: UIS Waterlab Authorised : JJ Oberholzer Page 1 of 2



To: Gplder Associates Africa (Pty) Ltd

Attention: David Love
Project ID: 1784950
Site Location: Turfvlakte

Order No: 099034

Lims Sample

ID ID

NAG SOLUTIONS

NAG Blank

545747 Bench9/NAG

545747 QC Duplicate

545748 Bench11/NAG

545749 CASC/NAG

545750 CCE/NAG

545751 CCW/NAG

545752 CCN/NAG

545753 CLA/NAG

545754 CLASHE/NAG

545755 CLASHW/NAG

545756 CLASHN/NAG

545756 QC Duplicate

545757 DBCS/NAG

545758 DBCN/NAG

545759 SD/NAG

545760 Bench12 /NAG

545761 Bench10/NAG

545762 GG/DAM/NAG

NAG SOLUTIONS

NAG Blank

545747 Bench9/NAG

545747 QC Duplicate

545748 Bench11/NAG

545749 CASC/NAG

545750 CCE/NAG

545751 CCW/NAG

545752 CCN/NAG

545753 CLA/NAG

545754 CLASHE/NAG

545755 CLASHW/NAG

545756 CLASHN/NAG

545756 QC Duplicate

545757 DBCS/NAG

545758 DBCN/NAG

545759 SD/NAG

545760 Bench12 /NAG

545761 Bench10/NAG

545762 GG/DAM/NAG

Date: 19.03.2018

Analysed by: UIS Waterlab

Na Nb Nd Ni Pb Pt Rb Sb Sc Se Si Sn Sr Ta Te Th Ti Tl U V W Y Zn Zr

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l

42.6 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 1.54 <0.001 <0.001 <0.001 <0.001 <0.0001 0.006 <0.001 <0.0001 <0.001 <0.001 <0.001 0.031 <0.001
47.0 0.001 0.007 0.189 0.033 0.001 0.008 0.004 0.016 0.015 2.90 0.001 0.063 <0.001 0.002 0.0005 0.209 0.005 0.0034 0.036 <0.001 0.043 1.106 0.027

48.9 0.001 0.007 0.192 0.035 0.001 0.009 0.004 0.016 0.015 3.04 0.001 0.063 <0.001 0.002 0.0005 0.229 0.005 0.0034 0.036 <0.001 0.044 1.093 0.026
48.8 0.001 0.010 0.550 0.158 0.001 0.009 0.008 0.019 0.010 3.97 <0.001 0.057 <0.001 0.005 0.0004 0.157 0.003 0.0035 0.055 <0.001 0.026 0.736 0.032
47.9 0.001 0.023 0.070 0.014 0.001 0.014 0.004 0.067 0.013 25.1 0.003 0.095 <0.001 0.003 0.0121 0.219 <0.001 0.0104 0.101 0.014 0.063 2.190 0.158
47.2 <0.001 0.001 0.090 0.001 0.001 0.018 0.004 0.009 0.000 10.4 <0.001 0.077 <0.001 0.002 0.0003 0.008 <0.001 0.0002 0.107 <0.001 0.001 0.135 0.001
43.4 0.001 0.000 0.018 0.001 0.001 0.013 0.002 0.011 0.002 16.7 0.001 0.200 <0.001 0.001 <0.0001 0.024 <0.001 0.0002 0.144 <0.001 0.000 0.249 <0.001
51.2 0.001 0.001 0.023 <0.001 0.001 0.016 0.003 0.012 0.000 14.8 <0.001 0.169 <0.001 0.002 <0.0001 0.006 <0.001 0.0002 0.126 0.001 0.000 0.113 <0.001
51.0 0.004 0.005 0.028 0.008 0.001 0.015 0.003 0.014 0.007 39.4 <0.001 0.142 <0.001 0.001 0.0013 0.067 <0.001 0.0011 0.191 <0.001 0.006 0.214 0.015
50.3 0.007 0.012 0.031 0.013 0.001 0.015 0.002 0.020 0.004 37.2 0.001 0.098 <0.001 0.001 0.0030 0.082 <0.001 0.0014 0.191 <0.001 0.014 0.247 0.027
51.5 0.004 0.007 0.024 0.008 0.001 0.013 0.002 0.015 0.002 37.6 0.001 0.102 <0.001 0.001 0.0016 0.052 <0.001 0.0007 0.149 <0.001 0.004 0.181 0.016
51.7 0.004 0.008 0.034 0.009 0.001 0.011 0.002 0.014 0.006 38.5 0.001 0.095 <0.001 0.001 0.0016 0.054 <0.001 0.0007 0.130 0.001 0.005 0.182 0.015
51.3 0.003 0.006 0.031 0.007 0.001 0.011 0.002 0.012 0.006 38.8 0.001 0.088 <0.001 0.001 0.0013 0.055 <0.001 0.0006 0.132 0.001 0.004 0.170 0.012
44.7 0.001 0.001 0.032 <0.001 0.001 0.008 0.007 0.006 0.009 35.9 <0.001 0.084 <0.001 0.004 0.0002 0.072 <0.001 0.0099 0.118 <0.001 0.010 0.194 0.002
49.1 0.002 0.001 0.024 <0.001 0.001 0.007 0.002 0.005 0.006 37.9 0.002 0.073 <0.001 0.001 0.0001 0.058 <0.001 0.0016 0.498 <0.001 0.007 5.713 0.002
49.3 0.001 0.001 0.040 <0.001 0.001 0.011 0.002 0.008 0.000 11.0 <0.001 0.122 <0.001 0.001 0.0001 0.021 <0.001 0.0007 0.129 <0.001 0.001 0.149 0.001
47.9 <0.001 0.003 0.552 0.033 0.000 0.010 0.003 0.002 0.007 3.77 <0.001 0.025 <0.001 0.001 <0.0001 0.061 0.003 0.0013 0.035 0.006 0.007 1.403 <0.001
49.1 0.003 0.005 0.248 0.013 0.001 0.011 0.003 0.009 0.000 45.8 0.001 0.098 <0.001 0.001 0.0012 0.088 0.001 0.0019 0.068 0.007 0.006 1.420 0.009
48.4 0.007 0.020 0.130 0.024 0.001 0.018 0.004 0.022 0.013 49.1 0.001 0.280 0.001 0.004 0.0019 0.985 0.002 0.0033 0.099 <0.001 0.052 0.876 0.070
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Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-03-23

Date Required 2018-03-16

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24  (Project no. GAL 2180)

Turfvlakte COA2018/24 (WEEK 0) /(Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 20656 Sample ID: 551465 Received: 2018-03-06 Matrix: Water Page: 1 / 3
Sample Number: OC18/41/01/03/2018/WEEK/0 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹pH 5.46 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 149 mSm ¹Total Conductivity 149 mS/m ²TC Temperature 24.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 966 mg/l ²TDS by EC*7 1040 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-13

Parameter Value Unit
¹Total Dissolved Solids at 180C 1010 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-13

Parameter Value Unit
²TDS by Summation 266 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 3.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.06 mg/l ¹Ca 153 mg/l ²Cu <0.05 mg/l
²Fe 1.95 mg/l ¹K 8.1 mg/l ¹Mg 47.8 mg/l
²Mn 2 mg/l ¹Na 51.3 mg/l ²Si 3.07 mg/l
²Zn 1.98 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.104 mg/l ¹Chloride Cl 104 mg/l ²Nitrate NO3 5.04 mg/l
¹Nitrate NO3 as N 1.14 mg/l ²Nitrite NO2 0.056 mg/l ¹Phosphate PO4 as P 0.034 mg/l
²Nitrite NO2 as N 0.017 mg/l ¹Phosphate PO4 0.105 mg/l ¹Sulphate SO4 470 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-03-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 14.3 me/l ²Sum of Anions 13.1 me/l ²Ion Error Balance 4.3 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.108 mg/l ²Ba 0.061 mg/l ²Be 0.001 mg/l
²Bi <0.001 mg/l ²Cd 0.001 mg/l ²Ce 0.002 mg/l
²Co 0.134 mg/l ²Cr <0.001 mg/l ²Cs 0.001 mg/l
²Cu 0.037 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La 0.001 mg/l ²Li 0.022 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd 0.001 mg/l
²Ni 0.253 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.022 mg/l ²Sb <0.001 mg/l ²Sc 0.001 mg/l
²Se 0.013 mg/l ²Sn <0.001 mg/l ²Sr 0.455 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y 0.003 mg/l
²Zr <0.001 mg/l

Request ID: 20656 Sample ID: 551466 Received: 2018-03-06 Matrix: Water Page: 2 / 3
Sample Number: OC18/42/01/03/2018/WEEK/0 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹pH 7.63 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 278 mSm ¹Total Conductivity 278 mS/m ²TC Temperature 24.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 1810 mg/l ²TDS by EC*7 1950 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-13

Parameter Value Unit
¹Total Dissolved Solids at 180C 1840 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-13

Parameter Value Unit
²TDS by Summation 559 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 72.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ¹Ca 163 mg/l ²Cu 0.05 mg/l
²Fe <0.05 mg/l ¹K 9.64 mg/l ¹Mg 105 mg/l
²Mn 0.8 mg/l ¹Na 221 mg/l ²Si 16.2 mg/l
²Zn 0.36 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-15

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.46 mg/l ¹Chloride Cl 561 mg/l ²Nitrate NO3 10.7 mg/l
¹Nitrate NO3 as N 2.41 mg/l ²Nitrite NO2 0.414 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.126 mg/l ¹Sulphate SO4 363 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-03-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 26.7 me/l ²Sum of Anions 26 me/l ²Ion Error Balance 1.32 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.061 mg/l ²Ba 0.122 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.005 mg/l ²Cr 0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.036 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.015 mg/l
²Mo 0.008 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.013 mg/l ²Pb 0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.013 mg/l ²Sb <0.001 mg/l ²Sc 0.005 mg/l
²Se 0.01 mg/l ²Sn <0.001 mg/l ²Sr 0.704 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U 0.002 mg/l
²V 0.008 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zr <0.001 mg/l

Request ID: 20656 Sample ID: 551467 Received: 2018-03-06 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/01/03/2018/WEEK/0 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-13



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ¹Ca <0.05 mg/l ²Cu <0.05 mg/l
²Fe <0.05 mg/l ¹K <0.05 mg/l ¹Mg <0.05 mg/l
²Mn <0.05 mg/l ¹Na <0.05 mg/l ²Si <0.05 mg/l
²Zn <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-15

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
²Nitrite NO2 0.017 mg/l ¹Phosphate PO4 as P 0.004 mg/l ²Nitrite NO2 as N 0.005 mg/l
¹Phosphate PO4 0.012 mg/l ¹Sulphate SO4 0.407 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.002 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb <0.001 mg/l ²Sc <0.001 mg/l
²Se 0.001 mg/l ²Sn <0.001 mg/l ²Sr <0.001 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-03-28

Date Required 2018-03-16

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24  (Project no. GAL 2180)

Turfvlakte COA2018/24 (WEEK 0) /(Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 20656 Sample ID: 551465 Received: 2018-03-06 Matrix: Water Page: 1 / 3
Sample Number: OC18/41/01/03/2018/WEEK/0 Revision Number: 1

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹pH 5.46 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 149 mSm ¹Total Conductivity 149 mS/m ²TC Temperature 24.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 966 mg/l ²TDS by EC*7 1040 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-13

Parameter Value Unit
¹Total Dissolved Solids at 180C 1010 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-13

Parameter Value Unit
²TDS by Summation 266 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 3.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.06 mg/l ²As <0.1 mg/l ¹Ca 153 mg/l
²Cu <0.05 mg/l ²Fe 1.95 mg/l ¹K 8.1 mg/l
¹Mg 47.8 mg/l ²Mn 2 mg/l ¹Na 51.3 mg/l
²Ni 0.24 mg/l ²Si 3.07 mg/l ²Zn 1.98 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.104 mg/l ¹Chloride Cl 104 mg/l ²Nitrate NO3 5.04 mg/l
¹Nitrate NO3 as N 1.14 mg/l ²Nitrite NO2 0.056 mg/l ¹Phosphate PO4 as P 0.034 mg/l
²Nitrite NO2 as N 0.017 mg/l ¹Phosphate PO4 0.105 mg/l ¹Sulphate SO4 470 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-03-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 14.3 me/l ²Sum of Anions 13.1 me/l ²Ion Error Balance 4.29 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.108 mg/l ²Ba 0.061 mg/l ²Be 0.001 mg/l
²Bi <0.001 mg/l ²Cd 0.001 mg/l ²Ce 0.002 mg/l
²Co 0.134 mg/l ²Cr <0.001 mg/l ²Cs 0.001 mg/l
²Cu 0.037 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La 0.001 mg/l ²Li 0.022 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd 0.001 mg/l
²Ni 0.253 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.022 mg/l ²Sb <0.001 mg/l ²Sc 0.001 mg/l
²Se 0.013 mg/l ²Sn <0.001 mg/l ²Sr 0.455 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y 0.003 mg/l
²Zr <0.001 mg/l

Request ID: 20656 Sample ID: 551466 Received: 2018-03-06 Matrix: Water Page: 2 / 3
Sample Number: OC18/42/01/03/2018/WEEK/0 Revision Number: 1

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹pH 7.63 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 278 mSm ¹Total Conductivity 278 mS/m ²TC Temperature 24.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 1810 mg/l ²TDS by EC*7 1950 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-13

Parameter Value Unit
¹Total Dissolved Solids at 180C 1840 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-13

Parameter Value Unit
²TDS by Summation 559 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 72.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 163 mg/l
²Cu 0.05 mg/l ²Fe <0.05 mg/l ¹K 9.64 mg/l
¹Mg 105 mg/l ²Mn 0.8 mg/l ¹Na 221 mg/l
²Ni <0.05 mg/l ²Si 16.2 mg/l ²Zn 0.36 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-15

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.46 mg/l ¹Chloride Cl 561 mg/l ²Nitrate NO3 10.7 mg/l
¹Nitrate NO3 as N 2.41 mg/l ²Nitrite NO2 0.414 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.126 mg/l ¹Sulphate SO4 363 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-03-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 26.7 me/l ²Sum of Anions 26 me/l ²Ion Error Balance 1.32 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.061 mg/l ²Ba 0.122 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.005 mg/l ²Cr 0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.036 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.015 mg/l
²Mo 0.008 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.013 mg/l ²Pb 0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.013 mg/l ²Sb <0.001 mg/l ²Sc 0.005 mg/l
²Se 0.01 mg/l ²Sn <0.001 mg/l ²Sr 0.704 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U 0.002 mg/l
²V 0.008 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zr <0.001 mg/l

Request ID: 20656 Sample ID: 551467 Received: 2018-03-06 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/01/03/2018/WEEK/0 Revision Number: 1

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-13



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l ²Si <0.05 mg/l ²Zn <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-15

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
²Nitrite NO2 0.017 mg/l ¹Phosphate PO4 as P 0.004 mg/l ²Nitrite NO2 as N 0.005 mg/l
¹Phosphate PO4 0.012 mg/l ¹Sulphate SO4 0.407 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-13

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.002 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb <0.001 mg/l ²Sc <0.001 mg/l
²Se 0.001 mg/l ²Sn <0.001 mg/l ²Sr <0.001 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-03-23

Date Required 2018-03-19

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24  (Project no. GAL 2180)

Turfvlakte COA2018/24 (WEEK 1 - 8.3.2018) /(Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 20737 Sample ID: 552132 Received: 2018-03-09 Matrix: Water Page: 1 / 3
Sample Number: OC18/54/08/03/2018/WEEK/1 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit
¹pH 6.39 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 118 mSm ¹Total Conductivity 99.3 mS/m ²TC Temperature 21.1 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 767 mg/l ²TDS by EC*7 826 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-19

Parameter Value Unit
¹Total Dissolved Solids at 180C 862 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-19

Parameter Value Unit
²TDS by Summation 211 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 3.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 121 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 4.99 mg/l
¹Mg 44.9 mg/l ²Mn 1.07 mg/l ¹Na 36.1 mg/l
²Ni <0.05 mg/l ²Si 1.39 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.081 mg/l ¹Chloride Cl 91.5 mg/l ²Nitrate NO3 0.425 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.103 mg/l ¹Phosphate PO4 as P 0.01 mg/l
²Nitrite NO2 as N 0.031 mg/l ¹Phosphate PO4 0.03 mg/l ¹Sulphate SO4 364 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 11.5 me/l ²Sum of Anions 10.3 me/l ²Ion Error Balance 5.37 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.127 mg/l ²Ba 0.034 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.031 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.005 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²K 6.66 mg/l ²La <0.001 mg/l
²Li 0.029 mg/l ²Mo 0.001 mg/l ²Nb <0.001 mg/l
²Nd <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.009 mg/l ²Sb 0.001 mg/l ²Sc 0.001 mg/l
²Se 0.022 mg/l ²Si 0.979 mg/l ²Sn <0.001 mg/l
²Sr 0.309 mg/l ²Ta <0.001 mg/l ²Te <0.001 mg/l
²Th <0.0001 mg/l ²Ti <0.05 mg/l ²Tl <0.001 mg/l
²U <0.0001 mg/l ²V <0.001 mg/l ²W <0.001 mg/l
²Y <0.001 mg/l ²Zn 0.692 mg/l ²Zr <0.001 mg/l

Request ID: 20737 Sample ID: 552133 Received: 2018-03-09 Matrix: Water Page: 2 / 3
Sample Number: OC18/55/08/03/2018/WEEK/1 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit
¹pH 7.46 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 132 mSm ¹Total Conductivity 117 mS/m ²TC Temperature 21.2 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 856 mg/l ²TDS by EC*7 922 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-19

Parameter Value Unit
¹Total Dissolved Solids at 180C 816 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-19

Parameter Value Unit
²TDS by Summation 264 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 30.2 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 66.1 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 5.29 mg/l
¹Mg 42.9 mg/l ²Mn 0.06 mg/l ¹Na 119 mg/l
²Ni <0.05 mg/l ²Si 12.4 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.142 mg/l ¹Chloride Cl 172 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.026 mg/l ¹Phosphate PO4 as P 0.212 mg/l
²Nitrite NO2 as N 0.008 mg/l ¹Phosphate PO4 0.65 mg/l ¹Sulphate SO4 10.3 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 12.2 me/l ²Sum of Anions 13.5 me/l ²Ion Error Balance -5.15 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.003 mg/l ²Au <0.001 mg/l
²B 0.084 mg/l ²Ba 0.045 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.002 mg/l ²Cr 0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.012 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²K 7.78 mg/l ²La <0.001 mg/l
²Li 0.02 mg/l ²Mo 0.027 mg/l ²Nb <0.001 mg/l
²Nd <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.005 mg/l ²Sb 0.001 mg/l ²Sc 0.004 mg/l
²Se 0.008 mg/l ²Si 10.9 mg/l ²Sn <0.001 mg/l
²Sr 0.36 mg/l ²Ta <0.001 mg/l ²Te <0.001 mg/l
²Th <0.0001 mg/l ²Ti <0.05 mg/l ²Tl <0.001 mg/l
²U <0.0001 mg/l ²V 0.024 mg/l ²W 0.001 mg/l
²Y <0.001 mg/l ²Zn 0.762 mg/l ²Zr <0.001 mg/l

Request ID: 20737 Sample ID: 552134 Received: 2018-03-09 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/08/03/2018/WEEK/1 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-19



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l ²Si <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
²Nitrite NO2 0.008 mg/l ¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N 0.002 mg/l
¹Sulphate SO4 0.419 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.001 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²K <0.01 mg/l ²La <0.001 mg/l
²Li <0.001 mg/l ²Mo <0.001 mg/l ²Nb <0.001 mg/l
²Nd <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb <0.001 mg/l ²Sc <0.001 mg/l
²Se <0.001 mg/l ²Si <0.05 mg/l ²Sn <0.001 mg/l
²Sr <0.001 mg/l ²Ta <0.001 mg/l ²Te <0.001 mg/l
²Th <0.0001 mg/l ²Ti <0.05 mg/l ²Tl <0.001 mg/l
²U <0.0001 mg/l ²V <0.001 mg/l ²W <0.001 mg/l
²Y <0.001 mg/l ²Zn <0.001 mg/l ²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-04-11

Date Required 2018-03-26

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Turfvlakte COA2018/24 (Week 2 - 15.3.2018 ) / (Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 20840 Sample ID: 553431 Received: 2018-03-16 Matrix: Water Page: 1 / 3
Sample Number: OC18/67/15/03/2018/WEEK/2 Revision Number: 1

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit
¹pH 6.38 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 94.1 mSm ¹Total Conductivity 94.1 mS/m ²TC Temperature 22.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 612 mg/l ²TDS by EC*7 659 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-28

Parameter Value Unit
¹Total Dissolved Solids at 180C 610 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-28

Parameter Value Unit
²TDS by Summation 160 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 97.7 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 3.37 mg/l
¹Mg 32.9 mg/l ²Mn 0.55 mg/l ¹Na 22.5 mg/l
²Ni <0.05 mg/l ²Si 1.02 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl 48.3 mg/l ²Nitrate NO3 0.284 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.005 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.014 mg/l ¹Sulphate SO4 292 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 8.72 me/l ²Sum of Anions 7.59 me/l ²Ion Error Balance 6.94 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.065 mg/l ²Ba 0.026 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.015 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.004 mg/l ²Fe <0.01 mg/l ²Ga <0.001 mg/l
²Ge <0.001 mg/l ²Hf <0.001 mg/l ²Hg <0.0001 mg/l
²Ho <0.001 mg/l ²Ir <0.001 mg/l ²K 3.17 mg/l
²La <0.001 mg/l ²Li 0.018 mg/l ²Mg 17.9 mg/l
²Mn 0.62 mg/l ²Mo 0.001 mg/l ²Na 16.2 mg/l
²Nb <0.001 mg/l ²Nd <0.001 mg/l ²Pb <0.001 mg/l
²Pt <0.001 mg/l ²Rb 0.004 mg/l ²Sb 0.002 mg/l
²Sc 0.001 mg/l ²Se 0.012 mg/l ²Sn <0.001 mg/l
²Sr 0.227 mg/l ²Ta <0.001 mg/l ²Te <0.001 mg/l
²Th <0.0001 mg/l ²Ti <0.05 mg/l ²Tl <0.001 mg/l
²U <0.0001 mg/l ²V <0.001 mg/l ²W <0.001 mg/l
²Y <0.001 mg/l ²Zn 1.11 mg/l ²Zr <0.001 mg/l

Request ID: 20840 Sample ID: 553432 Received: 2018-03-16 Matrix: Water Page: 2 / 3
Sample Number: OC18/68/15/03/2018/WEEK/2 Revision Number: 1

Method: ¹UIS-EA-T001(pH) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit
¹pH 7.5 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 74.7 mSm ¹Total Conductivity 74.7 mS/m ²TC Temperature 23 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 486 mg/l ²TDS by EC*7 523 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-03-28

Parameter Value Unit
¹Total Dissolved Solids at 180C 462 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-03-28

Parameter Value Unit
²TDS by Summation 161 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 28.4 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.51 mg/l ²As <0.1 mg/l ¹Ca 39.8 mg/l
²Cu <0.05 mg/l ²Fe 0.14 mg/l ¹K 4.09 mg/l
¹Mg 20.8 mg/l ²Mn <0.05 mg/l ¹Na 66.2 mg/l
²Ni <0.05 mg/l ²Si 13 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 2.74 mg/l ¹Chloride Cl 31.6 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.007 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.02 mg/l ¹Sulphate SO4 228 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 6.77 me/l ²Sum of Anions 7.19 me/l ²Ion Error Balance -2.98 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.002 mg/l ²Au <0.001 mg/l
²B 0.149 mg/l ²Ba 0.187 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce 0.001 mg/l
²Co 0.001 mg/l ²Cr 0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.009 mg/l ²Fe 0.104 mg/l ²Ga <0.001 mg/l
²Ge <0.001 mg/l ²Hf <0.001 mg/l ²Hg <0.0001 mg/l
²Ho <0.001 mg/l ²Ir <0.001 mg/l ²K 4.12 mg/l
²La <0.001 mg/l ²Li 0.012 mg/l ²Mg 11.9 mg/l
²Mn 0.022 mg/l ²Mo 0.031 mg/l ²Na 50.4 mg/l
²Nb <0.001 mg/l ²Nd <0.001 mg/l ²Pb 0.001 mg/l
²Pt <0.001 mg/l ²Rb 0.003 mg/l ²Sb 0.001 mg/l
²Sc 0.008 mg/l ²Se 0.004 mg/l ²Sn 0.001 mg/l
²Sr 0.198 mg/l ²Ta <0.001 mg/l ²Te <0.001 mg/l
²Th <0.0001 mg/l ²Ti <0.05 mg/l ²Tl <0.001 mg/l
²U 0.001 mg/l ²V 0.026 mg/l ²W <0.001 mg/l
²Y <0.001 mg/l ²Zn 0.358 mg/l ²Zr 0.001 mg/l

Request ID: 20840 Sample ID: 553433 Received: 2018-03-16 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/15/03/2018/WEEK/2 Revision Number: 1



Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 0.07 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l ²Si <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.05 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P 0.004 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.014 mg/l
¹Sulphate SO4 0.472 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-03-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.005 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.004 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Fe <0.01 mg/l ²Ga 0.001 mg/l
²Ge <0.001 mg/l ²Hf <0.001 mg/l ²Hg <0.0001 mg/l
²Ho <0.001 mg/l ²Ir <0.001 mg/l ²K 0.01 mg/l
²La <0.001 mg/l ²Li <0.001 mg/l ²Mg <0.01 mg/l
²Mn <0.001 mg/l ²Mo <0.001 mg/l ²Na 0.019 mg/l
²Nb <0.001 mg/l ²Nd <0.001 mg/l ²Pb <0.001 mg/l
²Pt <0.001 mg/l ²Rb <0.001 mg/l ²Sb <0.001 mg/l
²Sc <0.001 mg/l ²Se <0.001 mg/l ²Sn <0.001 mg/l
²Sr <0.001 mg/l ²Ta <0.001 mg/l ²Te <0.001 mg/l
²Th <0.0001 mg/l ²Ti <0.05 mg/l ²Tl <0.001 mg/l
²U <0.0001 mg/l ²V <0.001 mg/l ²W <0.001 mg/l
²Y <0.001 mg/l ²Zn <0.001 mg/l ²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-04-11

Date Required 2018-04-02

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Turfvlakte COA2018/24 (Week 3 22.3.2018 ) / (Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 20930 Sample ID: 554384 Received: 2018-03-23 Matrix: Water Page: 1 / 3
Sample Number: OC18/80/22/03/2018/WEEK/3 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit
¹pH 6.32 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 75.3 mSm ¹Total Conductivity 75.3 mS/m ²TC Temperature 20.1 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 490 mg/l ²TDS by EC*7 527 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-04-04

Parameter Value Unit
¹Total Dissolved Solids at 180C 576 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-04-04

Parameter Value Unit
²TDS by Summation 148 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 90.2 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 3.65 mg/l
¹Mg 31.5 mg/l ²Mn 0.5 mg/l ¹Na 19.6 mg/l
²Ni <0.05 mg/l ²Si 1.26 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.082 mg/l ¹Chloride Cl 33.3 mg/l ²Nitrate NO3 0.42 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Sulphate SO4 292 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 8.13 me/l ²Sum of Anions 7.17 me/l ²Ion Error Balance 6.31 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.067 mg/l ²Ba 0.021 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.019 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.007 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.018 mg/l
²Mo 0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.004 mg/l
²Sb 0.001 mg/l ²Sc 0.001 mg/l ²Se 0.014 mg/l
²Sn <0.001 mg/l ²Sr 0.193 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 1.97 mg/l
²Zr <0.001 mg/l

Request ID: 20930 Sample ID: 554385 Received: 2018-03-23 Matrix: Water Page: 2 / 3
Sample Number: OC18/81/22/03/2018/WEEK/3 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit
¹pH 7.57 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 37 mSm ¹Total Conductivity 37 mS/m ²TC Temperature 20.4 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 241 mg/l ²TDS by EC*7 259 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-04-04

Parameter Value Unit
¹Total Dissolved Solids at 180C 250 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-04-04

Parameter Value Unit
²TDS by Summation 84 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 26.3 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.17 mg/l ²As <0.1 mg/l ¹Ca 20.2 mg/l
²Cu <0.05 mg/l ²Fe 0.05 mg/l ¹K 2.88 mg/l
¹Mg 10.3 mg/l ²Mn <0.05 mg/l ¹Na 34.9 mg/l
²Ni <0.05 mg/l ²Si 10.3 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 2.51 mg/l ¹Chloride Cl 8.85 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.009 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.029 mg/l ¹Sulphate SO4 126 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.48 me/l ²Sum of Anions 3.44 me/l ²Ion Error Balance 0.54 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.001 mg/l ²As 0.003 mg/l ²Au <0.001 mg/l
²B 0.044 mg/l ²Ba 0.022 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce 0.001 mg/l
²Co <0.001 mg/l ²Cr 0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.007 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.007 mg/l
²Mo 0.03 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.002 mg/l
²Sb 0.001 mg/l ²Sc 0.005 mg/l ²Se 0.004 mg/l
²Sn <0.001 mg/l ²Sr 0.097 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V 0.039 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 0.2 mg/l
²Zr 0.001 mg/l

Request ID: 20930 Sample ID: 554386 Received: 2018-03-23 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/22/03/2018/WEEK/3. Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-04



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ²Mo <0.05 mg/l
¹Na 0.05 mg/l ²Ni <0.05 mg/l ²Si <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Sulphate SO4 0.277 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-04

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.002 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.002 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb <0.001 mg/l
²Sb <0.001 mg/l ²Sc <0.001 mg/l ²Se 0.001 mg/l
²Sn <0.001 mg/l ²Sr <0.001 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 0.001 mg/l
²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-05-03

Date Required 2018-04-16

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Turfvlakte COA2018/24 (Week 4 29.3.2018 ) / (Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21113 Sample ID: 555768 Received: 2018-04-06 Matrix: Water Page: 1 / 3
Sample Number: OC18/98/29/03/2018/WEEK/4 Revision Number: 1

Method: ¹UIS-EA-T001(pH) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹pH 6.28 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 42.9 mSm ¹Total Conductivity 42.9 mS/m ²TC Temperature 21.4 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 279 mg/l ²TDS by EC*7 300 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-04-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 340 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-04-26

Parameter Value Unit
²TDS by Summation 84 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 53.7 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.84 mg/l
¹Mg 17.7 mg/l ²Mn 0.2 mg/l ¹Na 9.01 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.073 mg/l ¹Chloride Cl 12.4 mg/l ²Nitrate NO3 0.257 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.003 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.008 mg/l ¹Sulphate SO4 193 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 4.65 me/l ²Sum of Anions 4.43 me/l ²Ion Error Balance 2.45 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.058 mg/l ²Ba 0.015 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.019 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.006 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.017 mg/l
²Mo 0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.055 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.004 mg/l ²Sb 0.003 mg/l ²Sc 0.001 mg/l
²Se 0.008 mg/l ²Sn <0.001 mg/l ²Sr 0.173 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn 1.69 mg/l ²Zr <0.001 mg/l

Request ID: 21113 Sample ID: 555769 Received: 2018-04-06 Matrix: Water Page: 2 / 3
Sample Number: OC18/99/29/03/2018/WEEK/4 Revision Number: 1

Method: ¹UIS-EA-T001(pH) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹pH 7.54 ²pH Temperature 18.6 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 25.5 mSm ¹Total Conductivity 25.5 mS/m ²TC Temperature 18.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 166 mg/l ²TDS by EC*7 179 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-04-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 174 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-04-26

Parameter Value Unit
²TDS by Summation 62.7 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 24.6 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.08 mg/l ²As <0.1 mg/l ¹Ca 15.1 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 2.04 mg/l
¹Mg 7.5 mg/l ²Mn <0.05 mg/l ¹Na 23.3 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.45 mg/l ¹Chloride Cl 5 mg/l ²Nitrate NO3 0.258 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.01 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.032 mg/l ¹Sulphate SO4 76.3 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 2.47 me/l ²Sum of Anions 2.22 me/l ²Ion Error Balance 5.21 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.003 mg/l ²Au <0.001 mg/l
²B 0.044 mg/l ²Ba 0.017 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.009 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.008 mg/l
²Mo 0.028 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.006 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.002 mg/l ²Sb 0.006 mg/l ²Sc 0.006 mg/l
²Se 0.001 mg/l ²Sn <0.001 mg/l ²Sr 0.104 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V 0.031 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn 0.384 mg/l ²Zr <0.001 mg/l

Request ID: 21113 Sample ID: 555770 Received: 2018-04-06 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/99/29/03/2018/WEEK/4 Revision Number: 1

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-26



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.004 mg/l ¹Sulphate SO4 0.255 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B <0.001 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb <0.001 mg/l ²Sc <0.001 mg/l
²Se <0.001 mg/l ²Sn <0.001 mg/l ²Sr <0.001 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn <0.001 mg/l ²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-05-03

Date Required 2018-04-16

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Turfvlakte COA2018/24 (Week 5 05.4.2018 ) / (Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21118 Sample ID: 555786 Received: 2018-04-06 Matrix: Water Page: 1 / 3
Sample Number: OC18/122/05/04/2018/WEEK/5 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹pH 6.18 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 44.7 mSm ¹Total Conductivity 44.7 mS/m ²TC Temperature 22.3 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 290 mg/l ²TDS by EC*7 313 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-04-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 320 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-04-26

Parameter Value Unit
²TDS by Summation 89.5 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 58 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 2.02 mg/l
¹Mg 18.8 mg/l ²Mn 0.19 mg/l ¹Na 8.6 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.061 mg/l ¹Chloride Cl 9.91 mg/l ²Nitrate NO3 0.233 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.015 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.005 mg/l ¹Sulphate SO4 213 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 4.94 me/l ²Sum of Anions 4.77 me/l ²Ion Error Balance 1.73 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.059 mg/l ²Ba 0.016 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.022 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.006 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.02 mg/l
²Mo 0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.057 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.004 mg/l ²Sb 0.004 mg/l ²Sc 0.001 mg/l
²Se 0.009 mg/l ²Sn <0.001 mg/l ²Sr 0.154 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn 1.62 mg/l ²Zr <0.001 mg/l

Request ID: 21118 Sample ID: 555787 Received: 2018-04-06 Matrix: Water Page: 2 / 3
Sample Number: OC18/123/05/04/2018/WEEK/5 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹pH 7.47 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 19.9 mSm ¹Total Conductivity 19.9 mS/m ²TC Temperature 22 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 129 mg/l ²TDS by EC*7 139 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-04-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 130 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-04-26

Parameter Value Unit
²TDS by Summation 52.6 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 22.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.22 mg/l ²As <0.1 mg/l ¹Ca 12.3 mg/l
²Cu <0.05 mg/l ²Fe 0.07 mg/l ¹K 1.78 mg/l
¹Mg 5.97 mg/l ²Mn <0.05 mg/l ¹Na 18.9 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.6 mg/l ¹Chloride Cl 3.3 mg/l ²Nitrate NO3 0.581 mg/l
¹Nitrate NO3 as N 0.131 mg/l ²Nitrite NO2 0.016 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.005 mg/l ¹Phosphate PO4 0.002 mg/l ¹Sulphate SO4 61.4 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 2.02 me/l ²Sum of Anions 1.84 me/l ²Ion Error Balance 4.48 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.002 mg/l ²Au <0.001 mg/l
²B 0.039 mg/l ²Ba 0.018 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce 0.001 mg/l
²Co 0.001 mg/l ²Cr 0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.01 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.007 mg/l
²Mo 0.025 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.009 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.002 mg/l ²Sb 0.004 mg/l ²Sc 0.006 mg/l
²Se 0.001 mg/l ²Sn <0.001 mg/l ²Sr 0.097 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V 0.034 mg/l ²W 0.001 mg/l ²Y <0.001 mg/l
²Zn 0.274 mg/l ²Zr 0.001 mg/l

Request ID: 21118 Sample ID: 555788 Received: 2018-04-06 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/05/04/2018/WEEK/-5 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-04-26



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Sulphate SO4 0.403 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-04-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B <0.001 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb <0.001 mg/l ²Sc <0.001 mg/l
²Se <0.001 mg/l ²Sn <0.001 mg/l ²Sr <0.001 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn <0.001 mg/l ²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-05-31

Date Required 2018-04-23

Contract No

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Turfvlakte COA2018/24 (Week 6 12.4.2018 ) / (Project no. GAL 2180)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21222 Sample ID: 556432 Received: 2018-04-13 Matrix: Water Page: 1 / 3
Sample Number: OC18/135/12/04/2018/WEEK/6 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit
¹pH 6.16 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 44.5 mSm ¹Total Conductivity 44.5 mS/m ²TC Temperature 20.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 289 mg/l ²TDS by EC*7 311 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-16

Parameter Value Unit
¹Total Dissolved Solids at 180C 328 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-16

Parameter Value Unit
²TDS by Summation 86.4 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 55.4 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.58 mg/l
¹Mg 20.4 mg/l ²Mn 0.19 mg/l ¹Na 7.65 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.061 mg/l ¹Chloride Cl 7.54 mg/l ²Nitrate NO3 0.133 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.005 mg/l ¹Phosphate PO4 as P 0.005 mg/l
²Nitrite NO2 as N 0.001 mg/l ¹Phosphate PO4 0.017 mg/l ¹Sulphate SO4 214 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 4.87 me/l ²Sum of Anions 4.72 me/l ²Ion Error Balance 1.59 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.036 mg/l ²Ba 0.015 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.009 mg/l ²Cr 0.002 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.015 mg/l
²Mo <0.001 mg/l ²Na 4.75 mg/l ²Nb <0.001 mg/l
²Nd <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.002 mg/l ²Sb <0.001 mg/l ²Sc <0.001 mg/l
²Se 0.004 mg/l ²Sn <0.001 mg/l ²Sr 0.102 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn 0.996 mg/l ²Zr <0.001 mg/l

Request ID: 21222 Sample ID: 556433 Received: 2018-04-13 Matrix: Water Page: 2 / 3
Sample Number: OC18/136/12/04/2018/WEEK/6 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit
¹pH 7.39 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 10.1 mSm ¹Total Conductivity 10.1 mS/m ²TC Temperature 21.2 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-04-23

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 65.7 mg/l ²TDS by EC*7 70.7 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-17

Parameter Value Unit
¹Total Dissolved Solids at 180C 110 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-17

Parameter Value Unit
²TDS by Summation 50.8 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 21.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.48 mg/l ²As <0.1 mg/l ¹Ca 13.1 mg/l
²Cu <0.05 mg/l ²Fe 0.12 mg/l ¹K 1.48 mg/l
¹Mg 5.89 mg/l ²Mn <0.05 mg/l ¹Na 17.4 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.53 mg/l ¹Chloride Cl 2.27 mg/l ²Nitrate NO3 0.818 mg/l
¹Nitrate NO3 as N 0.185 mg/l ²Nitrite NO2 0.019 mg/l ¹Phosphate PO4 as P 0.006 mg/l
²Nitrite NO2 as N 0.006 mg/l ¹Phosphate PO4 0.018 mg/l ¹Sulphate SO4 59.8 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 2 me/l ²Sum of Anions 1.76 me/l ²Ion Error Balance 6.41 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.032 mg/l ²Ba 0.017 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce 0.001 mg/l
²Co <0.001 mg/l ²Cr 0.002 mg/l ²Cs <0.001 mg/l
²Cu 0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.006 mg/l
²Mo 0.017 mg/l ²Na 10.9 mg/l ²Nb <0.001 mg/l
²Nd <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.001 mg/l ²Sb 0.001 mg/l ²Sc 0.003 mg/l
²Se <0.001 mg/l ²Sn <0.001 mg/l ²Sr 0.063 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V 0.015 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn 0.183 mg/l ²Zr 0.001 mg/l

Request ID: 21222 Sample ID: 556434 Received: 2018-04-13 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/12/04/2018-WEEK/6 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-16



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 <0.002 mg/l
¹Sulphate SO4 <0.7 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-05-16

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.001 mg/l ²Ba <0.001 mg/l ²Be 0.001 mg/l
²Bi <0.001 mg/l ²Cd 0.001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr 0.003 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Na 0.018 mg/l ²Nb <0.001 mg/l
²Nd <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb <0.001 mg/l ²Sc <0.001 mg/l
²Se <0.001 mg/l ²Sn <0.001 mg/l ²Sr 0.001 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl 0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn <0.001 mg/l ²Zr <0.001 mg/l

Premie Naidoo
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Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-05-31

Date Required 2018-04-30

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24(WEEK 7 19/04/2018)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21330 Sample ID: 557084 Received: 2018-04-20 Matrix: Water Page: 1 / 3
Sample Number: OC18/148/19/04/2018/WEEK/7 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit
¹pH 6.01 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 57.6 mSm ¹Total Conductivity 57.6 mS/m ²TC Temperature 22.7 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-21

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 374 mg/l ²TDS by EC*7 403 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-17

Parameter Value Unit
¹Total Dissolved Solids at 180C 328 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-21

Parameter Value Unit
²TDS by Summation 89.3 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 58.7 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.94 mg/l
¹Mg 20.4 mg/l ²Mn 0.19 mg/l ¹Na 6.73 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.088 mg/l ¹Chloride Cl 4.11 mg/l ²Nitrate NO3 0.165 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.026 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.008 mg/l ¹Phosphate PO4 0.006 mg/l ¹Sulphate SO4 214 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 5.01 me/l ²Sum of Anions 4.61 me/l ²Ion Error Balance 4.13 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.045 mg/l ²Ba 0.011 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.011 mg/l ²Cr 0.002 mg/l ²Cs <0.001 mg/l
²Cu 0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.019 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.002 mg/l
²Sb <0.001 mg/l ²Sc 0.001 mg/l ²Se 0.005 mg/l
²Sn <0.001 mg/l ²Sr 0.109 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 1.09 mg/l
²Zr <0.001 mg/l

Request ID: 21330 Sample ID: 557085 Received: 2018-04-20 Matrix: Water Page: 2 / 3
Sample Number: OC18/149/19/04/2018/WEEK/7 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit
¹pH 7.56 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 14.5 mSm ¹Total Conductivity 14.5 mS/m ²TC Temperature 23.4 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 94.4 mg/l ²TDS by EC*7 102 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-17

Parameter Value Unit
¹Total Dissolved Solids at 180C 100 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-17

Parameter Value Unit
²TDS by Summation 43.7 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 24.6 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.13 mg/l ²As <0.1 mg/l ¹Ca 9.71 mg/l
²Cu <0.05 mg/l ²Fe 0.06 mg/l ¹K 1.5 mg/l
¹Mg 4.79 mg/l ²Mn <0.05 mg/l ¹Na 12.9 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.54 mg/l ¹Chloride Cl 1.07 mg/l ²Nitrate NO3 0.866 mg/l
¹Nitrate NO3 as N 0.196 mg/l ²Nitrite NO2 0.035 mg/l ¹Phosphate PO4 as P 0.014 mg/l
²Nitrite NO2 as N 0.011 mg/l ¹Phosphate PO4 0.044 mg/l ¹Sulphate SO4 35.8 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.51 me/l ²Sum of Anions 1.28 me/l ²Ion Error Balance 8.04 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.03 mg/l ²Ba 0.018 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr 0.002 mg/l ²Cs <0.001 mg/l
²Cu 0.005 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.006 mg/l
²Mo 0.011 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.001 mg/l
²Sb 0.001 mg/l ²Sc 0.003 mg/l ²Se <0.001 mg/l
²Sn <0.001 mg/l ²Sr 0.052 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V 0.018 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 0.125 mg/l
²Zr <0.001 mg/l

Request ID: 21330 Sample ID: 557086 Received: 2018-04-20 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/19/04/2018/WEEK-7 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-17



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.017 mg/l ¹Phosphate PO4 as P 0.002 mg/l
²Nitrite NO2 as N 0.005 mg/l ¹Phosphate PO4 0.006 mg/l ¹Sulphate SO4 <0.7 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-05-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.001 mg/l ²Ba <0.001 mg/l ²Be 0.001 mg/l
²Bi <0.001 mg/l ²Cd 0.001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr 0.003 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb <0.001 mg/l
²Sb <0.001 mg/l ²Sc <0.001 mg/l ²Se <0.001 mg/l
²Sn <0.001 mg/l ²Sr 0.001 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl 0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn <0.001 mg/l
²Zr <0.001 mg/l
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Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-05-31

Date Required 2018-05-15

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24( WEEK 8 26/04/2018)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21522 Sample ID: 558589 Received: 2018-05-05 Matrix: Water Page: 1 / 2
Sample Number: OC18/170/26/04/2018/WEEK/8 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹pH 5.72 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 42.8 mSm ¹Total Conductivity 42.8 mS/m ²TC Temperature 21.2 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 278 mg/l ²TDS by EC*7 300 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-24

Parameter Value Unit
¹Total Dissolved Solids at 180C 284 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-24

Parameter Value Unit
²TDS by Summation 75.8 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.05 mg/l ²As <0.1 mg/l ¹Ca 51.2 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.79 mg/l
¹Mg 16.6 mg/l ²Mn 0.18 mg/l ¹Na 5 mg/l
²Ni 0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.098 mg/l ¹Chloride Cl 2.82 mg/l ²Nitrate NO3 0.145 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.017 mg/l ¹Phosphate PO4 as P 0.002 mg/l
²Nitrite NO2 as N 0.005 mg/l ¹Phosphate PO4 0.007 mg/l ¹Sulphate SO4 204 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 4.2 me/l ²Sum of Anions 4.37 me/l ²Ion Error Balance -1.95 %



Request ID: 21522 Sample ID: 558590 Received: 2018-05-05 Matrix: Water Page: 2 / 2
Sample Number: OC18/171/26/04/2018/WEEK/8 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹pH 7.48 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 10.7 mSm ¹Total Conductivity 10.7 mS/m ²TC Temperature 21.2 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 69.4 mg/l ²TDS by EC*7 74.7 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-24

Parameter Value Unit
¹Total Dissolved Solids at 180C 56 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-24

Parameter Value Unit
²TDS by Summation 31.6 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 20.3 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.17 mg/l ²As <0.1 mg/l ¹Ca 6.49 mg/l
²Cu <0.05 mg/l ²Fe 0.05 mg/l ¹K 1.18 mg/l
¹Mg 3.11 mg/l ²Mn <0.05 mg/l ¹Na 8.61 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.18 mg/l ¹Chloride Cl 0.448 mg/l ²Nitrate NO3 1.18 mg/l
¹Nitrate NO3 as N 0.267 mg/l ²Nitrite NO2 0.024 mg/l ¹Phosphate PO4 as P 0.013 mg/l
²Nitrite NO2 as N 0.007 mg/l ¹Phosphate PO4 0.039 mg/l ¹Sulphate SO4 23.9 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.01 me/l ²Sum of Anions 0.93 me/l ²Ion Error Balance 3.87 %

Request ID: 21522 Sample ID: 558591 Received: 2018-05-05 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT/BLANK/26/04/2018/WEEK-8 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 0.06 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.004 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.005 mg/l ¹Sulphate SO4 <0.7 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-05-31

Date Required 2018-05-15

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24( WEEK 9 03/05/2018)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21528 Sample ID: 558614 Received: 2018-05-05 Matrix: Water Page: 1 / 2
Sample Number: OC18/199/03/05/2018/WEEK/9 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹pH 5.99 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 34.5 mSm ¹Total Conductivity 34.5 mS/m ²TC Temperature 20.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 224 mg/l ²TDS by EC*7 241 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-24

Parameter Value Unit
¹Total Dissolved Solids at 180C 230 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-24

Parameter Value Unit
²TDS by Summation 66.5 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 46.9 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.66 mg/l
¹Mg 13.1 mg/l ²Mn 0.14 mg/l ¹Na 3.58 mg/l
²Ni 0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.11 mg/l ¹Chloride Cl 1.03 mg/l ²Nitrate NO3 0.14 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.015 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.005 mg/l ¹Phosphate PO4 0.004 mg/l ¹Sulphate SO4 153 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.63 me/l ²Sum of Anions 3.26 me/l ²Ion Error Balance 5.24 %



Request ID: 21528 Sample ID: 558615 Received: 2018-05-05 Matrix: Water Page: 2 / 2
Sample Number: OC18/200/03/05/2018/WEEK/9 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹pH 7.58 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 10.7 mSm ¹Total Conductivity 10.7 mS/m ²TC Temperature 20.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 69.5 mg/l ²TDS by EC*7 74.8 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-05-24

Parameter Value Unit
¹Total Dissolved Solids at 180C 78 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-24

Parameter Value Unit
²TDS by Summation 33.1 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 21.1 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.14 mg/l ²As <0.1 mg/l ¹Ca 7.28 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.21 mg/l
¹Mg 3.35 mg/l ²Mn <0.05 mg/l ¹Na 8.64 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.11 mg/l ¹Chloride Cl 0.461 mg/l ²Nitrate NO3 1.33 mg/l
¹Nitrate NO3 as N 0.3 mg/l ²Nitrite NO2 0.02 mg/l ¹Phosphate PO4 as P 0.003 mg/l
²Nitrite NO2 as N 0.006 mg/l ¹Phosphate PO4 0.01 mg/l ¹Sulphate SO4 21.6 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.06 me/l ²Sum of Anions 0.89 me/l ²Ion Error Balance 8.6 %

Request ID: 21528 Sample ID: 558616 Received: 2018-05-05 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT/BLANK/03/05/2018-WEEK/9 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.005 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.001 mg/l ¹Phosphate PO4 0.004 mg/l ¹Sulphate SO4 <0.7 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-06-15

Date Required 2018-05-22

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 10)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21632 Sample ID: 559220 Received: 2018-05-12 Matrix: Water Page: 1 / 3
Sample Number: OC18/227/10/05/2018/WEEK10 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹pH 5.82 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 37 mSm ¹Total Conductivity 37 mS/m ²TC Temperature 19.2 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-31

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 241 mg/l ²TDS by EC*7 259 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-06

Parameter Value Unit
¹Total Dissolved Solids at 180C 236 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-31

Parameter Value Unit
²TDS by Summation 63.8 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 45 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.39 mg/l
¹Mg 13 mg/l ²Mn 0.17 mg/l ¹Na 3.22 mg/l
²Ni 0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.104 mg/l ¹Chloride Cl 0.755 mg/l ²Nitrate NO3 0.436 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.012 mg/l ¹Phosphate PO4 as P 0.011 mg/l
²Nitrite NO2 as N 0.004 mg/l ¹Phosphate PO4 0.034 mg/l ¹Sulphate SO4 169 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-31

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.55 me/l ²Sum of Anions 3.59 me/l ²Ion Error Balance -0.53 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.026 mg/l ²Ba 0.01 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.012 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.002 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.009 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.067 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb 0.001 mg/l ²Sb 0.002 mg/l ²Sc 0.002 mg/l
²Se 0.004 mg/l ²Sn <0.001 mg/l ²Sr 0.078 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn 1.34 mg/l ²Zr <0.001 mg/l

Request ID: 21632 Sample ID: 559221 Received: 2018-05-12 Matrix: Water Page: 2 / 3
Sample Number: OC18/228/10/05/2018/WEEK10 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹pH 7.27 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 7.99 mSm ¹Total Conductivity 7.99 mS/m ²TC Temperature 19.2 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-05-31

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 51.9 mg/l ²TDS by EC*7 55.9 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-06

Parameter Value Unit
¹Total Dissolved Solids at 180C 40 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-05-31

Parameter Value Unit
²TDS by Summation 23 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 15.4 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.3 mg/l ²As <0.1 mg/l ¹Ca 5.16 mg/l
²Cu <0.05 mg/l ²Fe 0.1 mg/l ¹K 0.92 mg/l
¹Mg 2.31 mg/l ²Mn <0.05 mg/l ¹Na 5.39 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.705 mg/l ¹Chloride Cl 0.4 mg/l ²Nitrate NO3 1.34 mg/l
¹Nitrate NO3 as N 0.303 mg/l ²Nitrite NO2 0.021 mg/l ¹Phosphate PO4 as P 0.015 mg/l
²Nitrite NO2 as N 0.006 mg/l ¹Phosphate PO4 0.045 mg/l ¹Sulphate SO4 19.5 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-05-31

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 0.75 me/l ²Sum of Anions 0.73 me/l ²Ion Error Balance 0.81 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.009 mg/l ²Ba 0.009 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce 0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.002 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.002 mg/l
²Mo 0.004 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni 0.004 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb 0.003 mg/l ²Sc 0.005 mg/l
²Se 0.001 mg/l ²Sn <0.001 mg/l ²Sr 0.022 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V 0.015 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn 0.043 mg/l ²Zr <0.001 mg/l

Request ID: 21632 Sample ID: 559222 Received: 2018-05-12 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/10/05/2018-WEEK/10 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-06



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-05-31

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.006 mg/l ¹Sulphate SO4 <0.7 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.003 mg/l ²Au <0.001 mg/l
²B <0.001 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Ni <0.001 mg/l ²Pb <0.001 mg/l ²Pt <0.001 mg/l
²Rb <0.001 mg/l ²Sb <0.001 mg/l ²Sc 0.001 mg/l
²Se 0.001 mg/l ²Sn <0.001 mg/l ²Sr <0.001 mg/l
²Ta <0.001 mg/l ²Te <0.001 mg/l ²Th <0.0001 mg/l
²Ti <0.05 mg/l ²Tl <0.001 mg/l ²U <0.0001 mg/l
²V <0.001 mg/l ²W <0.001 mg/l ²Y <0.001 mg/l
²Zn <0.001 mg/l ²Zr <0.001 mg/l

Premie Naidoo

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-06-22

Date Required 2018-05-29

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 11)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21727 Sample ID: 559985 Received: 2018-05-19 Matrix: Water Page: 1 / 2
Sample Number: OC18/245/17/05/2018/WEEK/11 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹pH 5.65 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 37.4 mSm ¹Total Conductivity 37.4 mS/m ²TC Temperature 20 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 243 mg/l ²TDS by EC*7 262 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-06

Parameter Value Unit
¹Total Dissolved Solids at 180C 246 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-06-06

Parameter Value Unit
²TDS by Summation 57.8 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 43.2 mg/l
²Cu <0.05 mg/l ²Fe 0.13 mg/l ¹K 1.08 mg/l
¹Mg 10 mg/l ²Mn 0.14 mg/l ¹Na 2.2 mg/l
²Ni 0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.171 mg/l ¹Chloride Cl 0.504 mg/l ²Nitrate NO3 0.148 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.032 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.01 mg/l ¹Phosphate PO4 0.006 mg/l ¹Sulphate SO4 175 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.12 me/l ²Sum of Anions 3.71 me/l ²Ion Error Balance -8.63 %



Request ID: 21727 Sample ID: 559986 Received: 2018-05-19 Matrix: Water Page: 2 / 2
Sample Number: OC18/246/17/05/2018/WEEK/11 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹pH 7.39 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 10.2 mSm ¹Total Conductivity 10.2 mS/m ²TC Temperature 20 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 66.4 mg/l ²TDS by EC*7 71.5 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-06

Parameter Value Unit
¹Total Dissolved Solids at 180C 68 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-06-06

Parameter Value Unit
²TDS by Summation 27.8 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 18.7 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.46 mg/l ²As <0.1 mg/l ¹Ca 7.28 mg/l
²Cu <0.05 mg/l ²Fe 0.13 mg/l ¹K 1.05 mg/l
¹Mg 2.61 mg/l ²Mn <0.05 mg/l ¹Na 5.68 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.886 mg/l ¹Chloride Cl 1.02 mg/l ²Nitrate NO3 0.152 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.042 mg/l ¹Phosphate PO4 as P 0.002 mg/l
²Nitrite NO2 as N 0.013 mg/l ¹Phosphate PO4 0.007 mg/l ¹Sulphate SO4 22.7 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 0.91 me/l ²Sum of Anions 0.86 me/l ²Ion Error Balance 2.5 %

Request ID: 21727 Sample ID: 559987 Received: 2018-05-19 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT/BLANK/17/05/2018/WEEK-11 Revision Number: 0

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-06

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.005 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.002 mg/l ¹Phosphate PO4 0.005 mg/l ¹Sulphate SO4 <0.7 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-06-28

Date Required 2018-06-05

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 12)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21833 Sample ID: 561036 Received: 2018-05-26 Matrix: Water Page: 1 / 2
Sample Number: OC18/271/24/05/2018/WEEK/12 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit
¹pH 5.69 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 41.2 mSm ¹Total Conductivity 41.2 mS/m ²TC Temperature 20 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 268 mg/l ²TDS by EC*7 288 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 252 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-06-26

Parameter Value Unit
²TDS by Summation 77 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 55.7 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.78 mg/l
¹Mg 15.3 mg/l ²Mn 0.23 mg/l ¹Na 3.18 mg/l
²Ni 0.06 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.191 mg/l ¹Chloride Cl 0.686 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P 0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.007 mg/l
¹Sulphate SO4 188 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 4.23 me/l ²Sum of Anions 3.98 me/l ²Ion Error Balance 3.09 %



Request ID: 21833 Sample ID: 561037 Received: 2018-05-26 Matrix: Water Page: 2 / 2
Sample Number: OC18/272/24/05/2018/WEEK/12 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit
¹pH 7.38 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 8 mSm ¹Total Conductivity 8 mS/m ²TC Temperature 20.1 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 52 mg/l ²TDS by EC*7 56 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 42 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-06-26

Parameter Value Unit
²TDS by Summation 26.1 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 18.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.41 mg/l ²As <0.1 mg/l ¹Ca 6.15 mg/l
²Cu <0.05 mg/l ²Fe 0.14 mg/l ¹K 1 mg/l
¹Mg 2.6 mg/l ²Mn <0.05 mg/l ¹Na 5.04 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.792 mg/l ¹Chloride Cl 0.604 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.004 mg/l ¹Phosphate PO4 as P 0.003 mg/l
²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.008 mg/l ¹Sulphate SO4 14.7 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 0.82 me/l ²Sum of Anions 0.68 me/l ²Ion Error Balance 9.12 %

Request ID: 21833 Sample ID: 561038 Received: 2018-05-26 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT/BLANK/24/05/2018/WEEK-12 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ¹Phosphate PO4 as P 0.003 mg/l
²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.008 mg/l ¹Sulphate SO4 <0.7 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-07-02

Date Required 2018-06-12

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 13)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 21926 Sample ID: 561879 Received: 2018-06-02 Matrix: Water Page: 1 / 2
Sample Number: OC18/294/31/05/2018/WEEK/13 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit
¹pH 5.7 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 35.8 mSm ¹Total Conductivity 35.8 mS/m ²TC Temperature 19.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 233 mg/l ²TDS by EC*7 251 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-28

Parameter Value Unit
¹Total Dissolved Solids at 180C 240 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-06-28

Parameter Value Unit
²TDS by Summation 61.3 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca 44.5 mg/l
²Cu <0.05 mg/l ²Fe 0.09 mg/l ¹K 1.34 mg/l
¹Mg 12 mg/l ²Mn 0.21 mg/l ¹Na 2.27 mg/l
²Ni 0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.136 mg/l ¹Chloride Cl 0.52 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.01 mg/l ¹Phosphate PO4 as P 0.002 mg/l
²Nitrite NO2 as N 0.003 mg/l ¹Phosphate PO4 0.007 mg/l ¹Sulphate SO4 160 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.36 me/l ²Sum of Anions 3.38 me/l ²Ion Error Balance -0.33 %



Request ID: 21926 Sample ID: 561880 Received: 2018-06-02 Matrix: Water Page: 2 / 2
Sample Number: OC18/295/31/05/2018/WEEK/13 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit
¹pH 7.51 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 7.85 mSm ¹Total Conductivity 7.85 mS/m ²TC Temperature 19.7 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 51 mg/l ²TDS by EC*7 55 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-06-28

Parameter Value Unit
¹Total Dissolved Solids at 180C 50 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-06-28

Parameter Value Unit
²TDS by Summation 25.1 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 19.7 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.31 mg/l ²As <0.1 mg/l ¹Ca 5.7 mg/l
²Cu <0.05 mg/l ²Fe 0.09 mg/l ¹K 0.85 mg/l
¹Mg 2.48 mg/l ²Mn <0.05 mg/l ¹Na 4.27 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.796 mg/l ¹Chloride Cl 0.484 mg/l ²Nitrate NO3 0.137 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.011 mg/l ¹Phosphate PO4 as P 0.003 mg/l
²Nitrite NO2 as N 0.003 mg/l ¹Phosphate PO4 0.01 mg/l ¹Sulphate SO4 12.8 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 0.73 me/l ²Sum of Anions 0.65 me/l ²Ion Error Balance 5.87 %

Request ID: 21926 Sample ID: 561881 Received: 2018-06-02 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT/BLANK/31/05/2018/WEEK-13 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-06-28

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.002 mg/l ¹Phosphate PO4 as P 0.002 mg/l
²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.008 mg/l ¹Sulphate SO4 <0.7 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-07-10

Date Required 2018-06-21

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 14)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 22042 Sample ID: 562775 Received: 2018-06-11 Matrix: Water Page: 1 / 2
Sample Number: OC18/387/07/06/2018/WEEK/14 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit
¹pH 5.43 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 35.9 mSm ¹Total Conductivity 35.9 mS/m ²TC Temperature 18.3 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 233 mg/l ²TDS by EC*7 251 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-10

Parameter Value Unit
¹Total Dissolved Solids at 180C 214 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-10

Parameter Value Unit
²TDS by Summation 59.5 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.05 mg/l ²As <0.1 mg/l ¹Ca 44.1 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.39 mg/l
¹Mg 11.1 mg/l ²Mn 0.18 mg/l ¹Na 1.98 mg/l
²Ni 0.06 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.149 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P 0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.007 mg/l
¹Sulphate SO4 152 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.25 me/l ²Sum of Anions 3.21 me/l ²Ion Error Balance 0.56 %



Request ID: 22042 Sample ID: 562776 Received: 2018-06-11 Matrix: Water Page: 2 / 2
Sample Number: OC18/388/07/06/2018/WEEK/14 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit
¹pH 7.6 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 9.17 mSm ¹Total Conductivity 9.17 mS/m ²TC Temperature 18.3 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 59.6 mg/l ²TDS by EC*7 64.2 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-10

Parameter Value Unit
¹Total Dissolved Solids at 180C 60 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-10

Parameter Value Unit
²TDS by Summation 26.1 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 25.3 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.55 mg/l ²As <0.1 mg/l ¹Ca 4.64 mg/l
²Cu <0.05 mg/l ²Fe 0.15 mg/l ¹K 0.64 mg/l
¹Mg 2.01 mg/l ²Mn <0.05 mg/l ¹Na 3.66 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.05 mg/l ¹Chloride Cl 0.497 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P 0.004 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.011 mg/l
¹Sulphate SO4 11.2 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 0.64 me/l ²Sum of Anions 0.73 me/l ²Ion Error Balance -6.28 %

Request ID: 22042 Sample ID: 562777 Received: 2018-06-11 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT-BLANK/07/06/2018/WEEK/14 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-10

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl 0.296 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P 0.003 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.008 mg/l
¹Sulphate SO4 <0.7 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-07-20

Date Required 2018-06-26

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 15)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 22142 Sample ID: 563998 Received: 2018-06-16 Matrix: Water Page: 1 / 3
Sample Number: OC18/405/14/06/2018/WEEK/15 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit
¹pH 5.51 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 32.3 mSm ¹Total Conductivity 32.3 mS/m ²TC Temperature 21.3 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 210 mg/l ²TDS by EC*7 226 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-11

Parameter Value Unit
¹Total Dissolved Solids at 180C 218 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-11

Parameter Value Unit
²TDS by Summation 60 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.08 mg/l ²As <0.1 mg/l ¹Ca 44.4 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.53 mg/l
¹Mg 11.2 mg/l ²Mn 0.17 mg/l ¹Na 2.07 mg/l
²Ni 0.07 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.147 mg/l ¹Chloride Cl 0.267 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.003 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.008 mg/l ¹Sulphate SO4 145 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.34 me/l ²Sum of Anions 3.06 me/l ²Ion Error Balance 4.35 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.021 mg/l ²Ba 0.009 mg/l ²Be 0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.015 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.003 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.011 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.001 mg/l
²Sb 0.001 mg/l ²Sc 0.001 mg/l ²Se 0.004 mg/l
²Sn <0.001 mg/l ²Sr 0.076 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 1.57 mg/l
²Zr <0.001 mg/l

Request ID: 22142 Sample ID: 563999 Received: 2018-06-16 Matrix: Water Page: 2 / 3
Sample Number: OC18/406/14/06/2018/WEEK/15 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit
¹pH 7.97 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 15.8 mSm ¹Total Conductivity 15.8 mS/m ²TC Temperature 21 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 103 mg/l ²TDS by EC*7 111 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-11

Parameter Value Unit
¹Total Dissolved Solids at 180C 140 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-11

Parameter Value Unit
²TDS by Summation 64.5 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 54.9 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.66 mg/l ²As <0.1 mg/l ¹Ca 12 mg/l
²Cu <0.05 mg/l ²Fe 0.17 mg/l ¹K 1.8 mg/l
¹Mg 5.59 mg/l ²Mn <0.05 mg/l ¹Na 12.2 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 2.76 mg/l ¹Chloride Cl 0.715 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.029 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.089 mg/l ¹Sulphate SO4 16.1 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-20

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.73 me/l ²Sum of Anions 1.42 me/l ²Ion Error Balance 9.83 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.004 mg/l ²Au <0.001 mg/l
²B 0.036 mg/l ²Ba 0.082 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce 0.001 mg/l
²Co 0.001 mg/l ²Cr 0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.006 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La 0.001 mg/l ²Li 0.002 mg/l
²Mo 0.007 mg/l ²Nb <0.001 mg/l ²Nd 0.001 mg/l
²Pb 0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.001 mg/l
²Sb 0.001 mg/l ²Sc 0.009 mg/l ²Se 0.004 mg/l
²Sn <0.001 mg/l ²Sr 0.069 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti 0.064 mg/l
²Tl <0.001 mg/l ²U 0.001 mg/l ²V 0.055 mg/l
²W 0.001 mg/l ²Y <0.001 mg/l ²Zn 0.19 mg/l
²Zr 0.002 mg/l

Request ID: 22142 Sample ID: 564000 Received: 2018-06-16 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT/BLANK/14/06/2018/WEEK-15 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-11



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 0.08 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P <0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.004 mg/l ¹Sulphate SO4 <0.7 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-07-11

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag 0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.001 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb <0.001 mg/l
²Sb <0.001 mg/l ²Sc <0.001 mg/l ²Se 0.001 mg/l
²Sn <0.001 mg/l ²Sr <0.001 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn <0.001 mg/l
²Zr <0.001 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-07-20

Date Required 2018-07-05

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 16)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 22257 Sample ID: 564952 Received: 2018-06-25 Matrix: Water Page: 1 / 2
Sample Number: OC18/431/21/06/2018/WEEK/16 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-17

Parameter Value Unit Parameter Value Unit
¹pH 5.34 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 31.4 mSm ¹Total Conductivity 31.4 mS/m ²TC Temperature 24 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-17

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 204 mg/l ²TDS by EC*7 220 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-17

Parameter Value Unit
¹Total Dissolved Solids at 180C 206 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-17

Parameter Value Unit
²TDS by Summation 59.3 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-17

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.08 mg/l ²As <0.1 mg/l ¹Ca 44.8 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.45 mg/l
¹Mg 10.1 mg/l ²Mn 0.16 mg/l ¹Na 1.57 mg/l
²Ni 0.07 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.146 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.015 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.004 mg/l ¹Sulphate SO4 156 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-17

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.19 me/l ²Sum of Anions 3.29 me/l ²Ion Error Balance -1.51 %



Request ID: 22257 Sample ID: 564953 Received: 2018-06-25 Matrix: Water Page: 2 / 2
Sample Number: OC18/432/21/06/2018/WEEK/16 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-18

Parameter Value Unit Parameter Value Unit
¹pH 7.99 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-18

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 14.1 mSm ¹Total Conductivity 14.1 mS/m ²TC Temperature 23.9 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-18

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 91.7 mg/l ²TDS by EC*7 98.7 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-18

Parameter Value Unit
¹Total Dissolved Solids at 180C 102 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-18

Parameter Value Unit
²TDS by Summation 59.1 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-18

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 58.3 mg/l CaCO3

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.82 mg/l ²As <0.1 mg/l ¹Ca 9.01 mg/l
²Cu <0.05 mg/l ²Fe 0.2 mg/l ¹K 1.6 mg/l
¹Mg 4.31 mg/l ²Mn <0.05 mg/l ¹Na 9.22 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.048 mg/l ¹Chloride Cl 0.427 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.013 mg/l ¹Phosphate PO4 as P 0.023 mg/l
²Nitrite NO2 as N 0.004 mg/l ¹Phosphate PO4 0.071 mg/l ¹Sulphate SO4 11.8 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-19

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.34 me/l ²Sum of Anions 1.23 me/l ²Ion Error Balance 4.27 %

Request ID: 22257 Sample ID: 564954 Received: 2018-06-25 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT-BLANK/21/06/2018/WEEK/16 Revision Number: 0

Method: ¹UIS-AC-T007(Disolved Elements in Water by ICP-OES) Completed: 2018-07-18

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 0.07 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-18

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.009 mg/l ¹Phosphate PO4 as P <0.002 mg/l
²Nitrite NO2 as N 0.003 mg/l ¹Sulphate SO4 <0.7 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-07-26

Date Required 2018-07-12

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 17)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 22372 Sample ID: 566151 Received: 2018-07-02 Matrix: Water Page: 1 / 2
Sample Number: OC18/476/28/06/2018/WEEK/17 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit
¹pH 5.33 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 36.4 mSm ¹Total Conductivity 36.4 mS/m ²TC Temperature 18.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 237 mg/l ²TDS by EC*7 255 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-24

Parameter Value Unit
¹Total Dissolved Solids at 180C 228 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-24

Parameter Value Unit
²TDS by Summation 62.4 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.11 mg/l ²As <0.1 mg/l ¹Ca 47.5 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.52 mg/l
¹Mg 10.6 mg/l ²Mn 0.15 mg/l ¹Na 1.54 mg/l
²Ni 0.07 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.096 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.003 mg/l ¹Phosphate PO4 as P 0.003 mg/l
²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.009 mg/l ¹Sulphate SO4 163 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.37 me/l ²Sum of Anions 3.43 me/l ²Ion Error Balance -0.87 %



Request ID: 22372 Sample ID: 566152 Received: 2018-07-02 Matrix: Water Page: 2 / 2
Sample Number: OC18/477/28/06/2018/WEEK/17 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit
¹pH 7.92 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 14.3 mSm ¹Total Conductivity 14.3 mS/m ²TC Temperature 18.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 93.1 mg/l ²TDS by EC*7 100 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-24

Parameter Value Unit
¹Total Dissolved Solids at 180C 118 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-24

Parameter Value Unit
²TDS by Summation 57.4 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 51.1 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 1.24 mg/l ²As <0.1 mg/l ¹Ca 10 mg/l
²Cu 0.06 mg/l ²Fe 0.28 mg/l ¹K 1.68 mg/l
¹Mg 4.9 mg/l ²Mn <0.05 mg/l ¹Na 10.1 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 2.26 mg/l ¹Chloride Cl 0.493 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.013 mg/l ¹Phosphate PO4 as P 0.028 mg/l
²Nitrite NO2 as N 0.004 mg/l ¹Phosphate PO4 0.086 mg/l ¹Sulphate SO4 13.3 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-25

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.54 me/l ²Sum of Anions 1.27 me/l ²Ion Error Balance 9.64 %

Request ID: 22372 Sample ID: 566153 Received: 2018-07-02 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT-BLANK/28/06/2018/WEEK/17 Revision Number: 0

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 0.06 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-24

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.001 mg/l ¹Phosphate PO4 as P 0.003 mg/l
²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.009 mg/l ¹Sulphate SO4 <0.7 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-08-08

Date Required 2018-07-19

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24 (WEEK 18)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 22496 Sample ID: 566995 Received: 2018-07-09 Matrix: Water Page: 1 / 2
Sample Number: OC18/494/05/07/2018/WEEK/18 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit
¹pH 5.26 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 30.7 mSm ¹Total Conductivity 30.7 mS/m ²TC Temperature 19.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 200 mg/l ²TDS by EC*7 215 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 210 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-26

Parameter Value Unit
²TDS by Summation 57.9 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.11 mg/l ²As <0.1 mg/l ¹Ca 44.3 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K 1.19 mg/l
¹Mg 9.51 mg/l ²Mn 0.15 mg/l ¹Na 1.28 mg/l
²Ni 0.07 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.099 mg/l ¹Chloride Cl 0.255 mg/l ²Nitrate NO3 1.57 mg/l
¹Nitrate NO3 as N 0.354 mg/l ¹Phosphate PO4 as P 0.003 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.01 mg/l ¹Sulphate SO4 137 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 3.1 me/l ²Sum of Anions 2.93 me/l ²Ion Error Balance 2.89 %



Request ID: 22496 Sample ID: 566996 Received: 2018-07-09 Matrix: Water Page: 2 / 2
Sample Number: OC18/495/05/07/2018/WEEK/18 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit
¹pH 8.11 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 11.7 mSm ¹Total Conductivity 11.7 mS/m ²TC Temperature 19.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 76.1 mg/l ²TDS by EC*7 81.9 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-26

Parameter Value Unit
¹Total Dissolved Solids at 180C 102 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-26

Parameter Value Unit
²TDS by Summation 49.9 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 44.3 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.59 mg/l ²As <0.1 mg/l ¹Ca 9.93 mg/l
²Cu <0.05 mg/l ²Fe 0.17 mg/l ¹K 1.47 mg/l
¹Mg 4.65 mg/l ²Mn <0.05 mg/l ¹Na 7.3 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-30

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.41 mg/l ¹Chloride Cl 0.379 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.015 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.046 mg/l ¹Sulphate SO4 12.2 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-30

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.31 me/l ²Sum of Anions 1.08 me/l ²Ion Error Balance 9.51 %

Request ID: 22496 Sample ID: 566997 Received: 2018-07-09 Matrix: Water Page: 2 / 2
Sample Number: INSTRUMENT/BLANK-05/07/2018/WEEK/18 Revision Number: 0

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-26

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ¹Nitrate NO3 as N <0.13 mg/l
¹Phosphate PO4 as P 0.003 mg/l ²Nitrite NO2 as N <0.001 mg/l ¹Phosphate PO4 0.008 mg/l
¹Sulphate SO4 <0.7 mg/l

Petunia Moleta

AUTHORISED SIGNATORY



Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-08-08

Date Required 2018-07-23

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24(WEEK 19)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 22609 Sample ID: 567838 Received: 2018-07-13 Matrix: Water Page: 1 / 2
Sample Number: OC18/519/12/07/2018/WEEK/19 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit
¹pH 5.37 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 42 mSm ¹Total Conductivity 42 mS/m ²TC Temperature 20.5 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 273 mg/l ²TDS by EC*7 294 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-27

Parameter Value Unit
¹Total Dissolved Solids at 180C 266 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-27

Parameter Value Unit
²TDS by Summation 78.4 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.14 mg/l ²As <0.1 mg/l ¹Ca 60 mg/l
²Cu <0.05 mg/l ²Fe 0.09 mg/l ¹K 1.48 mg/l
¹Mg 13.5 mg/l ²Mn 0.26 mg/l ¹Na 1.7 mg/l
²Ni 0.1 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.263 mg/l ¹Chloride Cl 0.307 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.007 mg/l ¹Phosphate PO4 as P 0.002 mg/l
²Nitrite NO2 as N 0.002 mg/l ¹Phosphate PO4 0.007 mg/l ¹Sulphate SO4 198 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 4.25 me/l ²Sum of Anions 4.2 me/l ²Ion Error Balance 0.66 %



Request ID: 22609 Sample ID: 567839 Received: 2018-07-13 Matrix: Water Page: 2 / 2
Sample Number: OC18/520/12/07/2018/WEEK/19 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit
¹pH 8.19 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 11.1 mSm ¹Total Conductivity 11.1 mS/m ²TC Temperature 20.6 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 72.2 mg/l ²TDS by EC*7 77.7 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-07-27

Parameter Value Unit
¹Total Dissolved Solids at 180C 72 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-07-27

Parameter Value Unit
²TDS by Summation 49.3 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity 43.8 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.65 mg/l ²As <0.1 mg/l ¹Ca 8.5 mg/l
²Cu <0.05 mg/l ²Fe 0.27 mg/l ¹K 1.66 mg/l
¹Mg 4.32 mg/l ²Mn <0.05 mg/l ¹Na 8.54 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-31

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 1.4 mg/l ¹Chloride Cl 0.725 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.013 mg/l ¹Phosphate PO4 as P 0.008 mg/l
²Nitrite NO2 as N 0.004 mg/l ¹Phosphate PO4 0.024 mg/l ¹Sulphate SO4 14.3 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-07-31

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 1.28 me/l ²Sum of Anions 1.12 me/l ²Ion Error Balance 6.29 %

Request ID: 22609 Sample ID: 567840 Received: 2018-07-13 Matrix: Water Page: 2 / 2
Sample Number: Instrument/Blank-12/07/2018/WEEK/19 Revision Number: 0

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ¹K <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-07-27

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.007 mg/l ¹Phosphate PO4 as P 0.002 mg/l
²Nitrite NO2 as N 0.002 mg/l ¹Phosphate PO4 0.007 mg/l ¹Sulphate SO4 <0.7 mg/l

Petunia Moleta
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Golder Associates Research Laboratory
25 Main Avenue
Florida
1709
South Africa
Mahadi Motsumi
Tel : 0116720666
E-Mail : MMotsumi@golder.co.za

FINAL CERTIFICATE OF ANALYSIS

Report Date 2018-08-14

Date Required 2018-07-31

Contract No 14961

Order/Ref No P/O 1430 - Turfvlakte COA2018/24 (Project no. GAL 2180)

Kinetic Leaches - Tutfvlakte COA2018_24(WEEK 20)

Notes
The results relate specifically to the items tested.
The report shall not be reproduced except in full, without the written approval of the laboratory.
¹ SANAS accredited analysis included in the SANAS Schedule of Accredition for this laboratory.
² Not SANAS accredited analysis and not included in the SANAS schedule of accreditation for this laboratory.
³ Outsourced not performed by this laboratory.

Request ID: 22749 Sample ID: 569171 Received: 2018-07-21 Matrix: Water Page: 1 / 3
Sample Number: OC18/553/19/07/2018/WEEK/20 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit
¹pH 5.22 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 25.6 mSm ¹Total Conductivity 25.6 mS/m ²TC Temperature 25.7 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 166 mg/l ²TDS by EC*7 179 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-08-14

Parameter Value Unit
¹Total Dissolved Solids at 180C 150 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-08-14

Parameter Value Unit
²TDS by Summation 52.9 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit
¹P Alkalinity <0.6 mg/l CaCO3 ¹Total (M) Alkalinity <3.5 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.09 mg/l ²As <0.1 mg/l ¹Ca 42.6 mg/l
²Cu <0.05 mg/l ²Fe 0.19 mg/l ²Li <0.05 mg/l
¹Mg 7.94 mg/l ²Mn 0.18 mg/l ¹Na 1.08 mg/l
²Ni 0.07 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.128 mg/l ¹Chloride Cl 0.351 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.024 mg/l ¹Phosphate PO4 as P 0.003 mg/l
²Nitrite NO2 as N 0.007 mg/l ¹Phosphate PO4 0.008 mg/l ¹Sulphate SO4 128 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 2.89 me/l ²Sum of Anions 2.73 me/l ²Ion Error Balance 2.92 %



Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B 0.022 mg/l ²Ba 0.008 mg/l ²Be 0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co 0.015 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.003 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li 0.015 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.001 mg/l
²Sb 0.001 mg/l ²Sc <0.001 mg/l ²Se 0.001 mg/l
²Sn <0.001 mg/l ²Sr 0.053 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 1.03 mg/l
²Zr <0.001 mg/l

Request ID: 22749 Sample ID: 569172 Received: 2018-07-21 Matrix: Water Page: 2 / 3
Sample Number: OC18/554/19/07/2018/WEEK/20 Revision Number: 0

Method: ¹UIS-EA-T001(pH) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit
¹pH 8.76 ²pH Temperature 25 Deg C

Method: ¹UIS-EA-T001(Electrical Conductivity) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Tot Cond @25C 6.19 mSm ¹Total Conductivity 6.19 mS/m ²TC Temperature 25.8 Deg C

Method: ²UIS-CP-T001(Calculated Total Dissolved Solids from EC) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit
²TDS by EC*6.5 40.2 mg/l ²TDS by EC*7 43.3 mg/l

Method: ¹UIS-EA-T005(Total Dissolved Solids) Completed: 2018-08-14

Parameter Value Unit
¹Total Dissolved Solids at 180C 64 mg/l

Method: ²UIS-CP-T003(Calculated Total Dissolved Solids by Summation) Completed: 2018-08-14

Parameter Value Unit
²TDS by Summation 37.2 mg/l

Method: ¹UIS-EA-T001(P and Total (M) Alkalinity) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit
¹P Alkalinity 2.7 mg/l CaCO3 ¹Total (M) Alkalinity 36 mg/l CaCO3

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al 0.54 mg/l ²As <0.1 mg/l ¹Ca 7.89 mg/l
²Cu <0.05 mg/l ²Fe 0.19 mg/l ²Li <0.05 mg/l
¹Mg 2.84 mg/l ²Mn <0.05 mg/l ¹Na 4.85 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F 0.667 mg/l ¹Chloride Cl 0.539 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ²Nitrite NO2 0.013 mg/l ¹Phosphate PO4 as P 0.005 mg/l
²Nitrite NO2 as N 0.004 mg/l ¹Phosphate PO4 0.014 mg/l ¹Sulphate SO4 10.9 mg/l

Method: ²UIS-CP-T005(Ion Balance Error Gallery) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Sum of Cations 0.92 me/l ²Sum of Anions 0.88 me/l ²Ion Error Balance 2.06 %

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As 0.001 mg/l ²Au <0.001 mg/l
²B 0.089 mg/l ²Ba 0.116 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce 0.002 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu 0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La 0.001 mg/l ²Li 0.004 mg/l
²Mo 0.001 mg/l ²Nb <0.001 mg/l ²Nd 0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb 0.001 mg/l
²Sb 0.001 mg/l ²Sc 0.001 mg/l ²Se <0.001 mg/l
²Sn <0.001 mg/l ²Sr 0.028 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti 0.073 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V 0.013 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn 0.002 mg/l
²Zr 0.001 mg/l

Request ID: 22749 Sample ID: 569173 Received: 2018-07-21 Matrix: Water Page: 2 / 3
Sample Number: INSTRUMENT-BLANK/19/07/2018/WEEK/20 Revision Number: 0

Method: ¹UIS-AC-T007(Dissolved Elements in Water by ICP-OES) Completed: 2018-08-14



Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Al <0.05 mg/l ²As <0.1 mg/l ¹Ca <0.05 mg/l
²Cu <0.05 mg/l ²Fe <0.05 mg/l ²Li <0.05 mg/l
¹Mg <0.05 mg/l ²Mn <0.05 mg/l ¹Na <0.05 mg/l
²Ni <0.05 mg/l

Method: ¹UIS-EA-T034(Anions by Photometry) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
¹Fluoride F <0.042 mg/l ¹Chloride Cl <0.25 mg/l ²Nitrate NO3 <0.13 mg/l
¹Nitrate NO3 as N <0.13 mg/l ¹Phosphate PO4 as P 0.002 mg/l ²Nitrite NO2 as N <0.001 mg/l
¹Phosphate PO4 0.007 mg/l ¹Sulphate SO4 <0.7 mg/l

Method: ²UIS-AC-T100(Trace elements in liquids by ICP-MS) Completed: 2018-08-14

Parameter Value Unit Parameter Value Unit Parameter Value Unit
²Ag <0.001 mg/l ²As <0.001 mg/l ²Au <0.001 mg/l
²B <0.001 mg/l ²Ba <0.001 mg/l ²Be <0.001 mg/l
²Bi <0.001 mg/l ²Cd <0.0001 mg/l ²Ce <0.001 mg/l
²Co <0.001 mg/l ²Cr <0.001 mg/l ²Cs <0.001 mg/l
²Cu <0.001 mg/l ²Ga <0.001 mg/l ²Ge <0.001 mg/l
²Hf <0.001 mg/l ²Hg <0.0001 mg/l ²Ho <0.001 mg/l
²Ir <0.001 mg/l ²La <0.001 mg/l ²Li <0.001 mg/l
²Mo <0.001 mg/l ²Nb <0.001 mg/l ²Nd <0.001 mg/l
²Pb <0.001 mg/l ²Pt <0.001 mg/l ²Rb <0.001 mg/l
²Sb <0.001 mg/l ²Sc <0.001 mg/l ²Se <0.001 mg/l
²Sn <0.001 mg/l ²Sr <0.001 mg/l ²Ta <0.001 mg/l
²Te <0.001 mg/l ²Th <0.0001 mg/l ²Ti <0.05 mg/l
²Tl <0.001 mg/l ²U <0.0001 mg/l ²V <0.001 mg/l
²W <0.001 mg/l ²Y <0.001 mg/l ²Zn <0.001 mg/l
²Zr <0.001 mg/l

Petunia Moleta
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Table D1: Short-term Leach Procedure Test (SLP) Summary for Grootegeluk discard  

Parameter Unit Water 

Blank 

Plant GG2  Plant GG8 Plant GG1 Plant 

GG45 

Domestic 

Guideline* 

RQO for 

Sandloop 

quaternary 

pH s.u 6.61 7.44 7.66 7.46 7.47 ng 6.5-8.5 

TDS mg/l <30 94 159 126 233 1000 (2400-
3400)** 

ng 

EC mS/m 0.048 13 24 19 35 ng ≤ 55 

Acidity  mg/l 
CaCO3 

16 5.2 5.5 5.8 7.5 ng ng 

Alkalinity <3.5 33 42 39 32 ng ng 

Fluoride mg/l <0.1 0.90 0.62 0.46 <0.1 1 ng 

Chloride mg/l <0.25 <0.25 <0.25 <0.25 <0.25 200 ng 

Nitrate mg/l <0.1 <0.1 <0.1 <0.1 <0.1 10 ≤ 0.1 

Sulphate mg/l <0.3 47 88 61 172 200 ng 

NH3 mg/l <0.01 0.140 0.033 0.132 0.074 2 ng 

Al mg/l 0.017 0.37 0.0031 0.061 0.0063 0.5 ≤ 0.062 

As mg/l 0.0007 0.0016 <0.001 <0.001 <0.001 0.2 ng 

B mg/l 0.0007 0.045 0.034 0.040 0.034 ng ng 

Ba mg/l 0.0024 0.159 0.141 0.139 0.091 ng ng 

Be mg/l <0.001 <0.001 <0.001 <0.001 <0.001 ng ng 

Ca mg/l 0.05 20 42 31 37 80 ng 

Cd mg/l <0.0001 0.00012 0.00018 0.00018 0.0002 0.01 ng 

Co mg/l 0.015 0.020 0.018 0.018 0.051 ng ≤ 0.05 

Cr mg/l 0.0011 0.001 0.001 0.002 0.003 ng ng 

Cu mg/l 0.0009 0.009 0.005 0.003 0.004 3 ≤ 0.0048 

Fe mg/l <0.001 0.028 0.00099 0.0075 0.0021 0.3 ≤ 0.1 

K mg/l 0.038 2.44 0.79 3.39 0.59 50 ng 

Mg mg/l 0.042 3.6 5.8 4.32 20 50 ng 

Mn mg/l 0.007 0.01 0.09 0.03 0.89 0.15 ≤ 0.15 
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Parameter Unit Water 

Blank 

Plant GG2  Plant GG8 Plant GG1 Plant 

GG45 

Domestic 

Guideline* 

RQO for 

Sandloop 

quaternary 

Na mg/l 0.076 2.22 1.73 2.04 1.74 200  

Ni mg/l <0.001 0.003 0.004 0.004 0.228 ng ≤ 0.07 

Pb mg/l 0.0011 0.00067 0.00086 0.00086 <0.001 ng ng 

Se mg/l <0.001 0.003 0.001 0.002 0.002 0.05 ng 

Si mg/l <0.001 2.67 0.90 2.01 0.59 ng ng 

Te mg/l <0.001 <0.001 <0.001 <0.001 <0.001 ng ng 

Zn mg/l <0.001 0.012 0.022 0.017 0.029 5 ≤ 0.002 

Notes: ng no guideline * acceptable range used for comparison ** values in brackets indicate tolerable and unacceptable TDS values 

used in modelling 

Table D2: Kinetic test results, Grootegeluk discard 

Chemical Parameter 

(mg/l) 

Humidity Cell Sample GGHC-3 DS Domestic 

Guideline* 

RQO for 

Sandloop 

quaternary Week 0  Week 3 Week 4 

pH [] 7.21 6.03 5.61 ng 6.5-8.5 

Total Cond [mS/m] 94.80 324.00 343.00 ng ≤ 55 

TDS [mg/l] 618.00 2170.00 2400.00 1000 (2400-
3400)** 

ng 

P Alk. [mg/l CaCO3] <0.6 <0.6 <0.6   

M Alk. [mg/l CaCO3] 22.00 5.50 <3.5   

Fluoride [mg/l] 0.85 0.79 0.39 1 ng 

Chloride [mg/l] 5.89 0.70 0.55 200 ng 

Nitrate [mg/l] <0.13 3.34 0.36 10 ≤ 0.1 

Phosphate [mg/l] 0.17 0.18 0.20   

Sulphate [mg/l] 448.00 1560.00 1700.00 200 ng 

Ammonia as NH3 [mg/l] 1.36 0.18 0.05 2 ng 

Ca [mg/l] <0.05 <0.05 241.00 80 ng 

K [mg/l] <0.05 <0.05 2.19 50 ng 

Mg [mg/l] <0.05 <0.05 306.00 50 ng 
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Chemical Parameter 

(mg/l) 

Humidity Cell Sample GGHC-3 DS Domestic 

Guideline* 

RQO for 

Sandloop 

quaternary Week 0  Week 3 Week 4 

Na [mg/l] <0.05 <0.05 5.19 200 ng 

Al [mg/l] 0.022 0.327 0.002 0.5 ≤ 0.062 

As [mg/l] <0.001 0.001 <0.001 0.2 ng 

B [mg/l] 0.185 0.005 0.074 ng ng 

Ba [mg/l] 0.156 0.025 0.196 ng ng 

Be [mg/l] <0.001 <0.001 <0.001 ng ng 

Bi [mg/l] <0.001 <0.001 <0.001 ng ng 

Cd [mg/l] 0.001 0.001 0.001 0.01 ng 

Co [mg/l] 0.225 0.238 0.234 ng ≤ 0.05 

Cr [mg/l] <0.001 0.002 <0.001 ng ng 

Cu [mg/l] 0.018 0.006 0.001 3 ≤ 0.0048 

Fe [mg/l] 0.014 5.06 1.25 0.3 ≤ 0.1 

Hg [mg/l] 0.001 <0.0001 <0.0001 0.0005  

K [mg/l] 6.28 4.18 <0.01 50 ng 

Mg [mg/l] 48.8 300 <0.01 50 ng 

Mn [mg/l] 3.01 7.31 7.15 0.15 ≤ 0.15 

Mo [mg/l] 0.001 <0.001 <0.001 ng ng 

Na [mg/l] 10.3 1.18 <0.001 200 ng 

Ni [mg/l] 1.06 0.848 0.847 ng ≤ 0.07 

Pb [mg/l] <0.001 0.13 0.002 ng ng 

Sb [mg/l] 0.001 <0.001 <0.001 ng ng 

Se [mg/l] 0.005 0.022 0.009 0.05 ng 

Si [mg/l] 1.1 0.704 1.77 ng ng 

Sn [mg/l] 0.002 0.001 <0.001 ng ng 

Sr [mg/l] 0.191 0.273 0.24 ng ng 



April 2020 1784950-325695-10

 

 
  

 

Chemical Parameter 

(mg/l) 

Humidity Cell Sample GGHC-3 DS Domestic 

Guideline* 

RQO for 

Sandloop 

quaternary Week 0  Week 3 Week 4 

Ta [mg/l] <0.001 <0.001 <0.001 ng ng 

Te [mg/l] <0.001 <0.001 <0.001 ng ng 

Th [mg/l] <0.0001 0.001 <0.0001   

Ti [mg/l] <0.05 <0.05 <0.05   

Tl [mg/l] <0.001 0.001 <0.001   

U [mg/l] <0.0001 <0.0001 <0.0001   

V [mg/l] <0.001 0.001 <0.001   

W [mg/l] <0.001 <0.001 0.001   

Y [mg/l] <0.001 0.005 0.001   

Zn [mg/l] 0.306 0.244 0.248 5 ≤ 0.002 

Zr [mg/l] <0.001 <0.001 <0.001 ng ng 
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Document Limitations 
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DOCUMENT LIMITATIONS  
This Document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following 
limitations: 

i) This Document has been prepared for the particular purpose outlined in Golder’s proposal and no 
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any 
other purpose.  

ii) The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to 
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or 
circumstances that may exist at the site referenced in the Document. If a service is not expressly 
indicated, do not assume it has been provided. If a matter is not addressed, do not assume that any 
determination has been made by Golder in regards to it. 

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was 
retained to undertake with respect to the site. Variations in conditions may occur between investigatory 
locations, and there may be special conditions pertaining to the site which have not been revealed by the 
investigation and which have not therefore been taken into account in the Document. Accordingly, 
additional studies and actions may be required.   

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in 
this Document. Golder’s opinions are based upon information that existed at the time of the production of 
the Document. It is understood that the Services provided allowed Golder to form no more than an 
opinion of the actual conditions of the site at the time the site was visited and cannot be used to assess 
the effect of any subsequent changes in the quality of the site, or its surroundings, or any laws or 
regulations.   

v) Any assessments made in this Document are based on the conditions indicated from published sources 
and the investigation described. No warranty is included, either express or implied, that the actual 
conditions will conform exactly to the assessments contained in this Document. 

vi) Where data supplied by the client or other external sources, including previous site investigation data, 
have been used, it has been assumed that the information is correct unless otherwise stated. No 
responsibility is accepted by Golder for incomplete or inaccurate data supplied by others. 

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to provide 
Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services and work 
done by all of its sub-consultants and subcontractors. The Client agrees that it will only assert claims 
against and seek to recover losses, damages or other liabilities from Golder and not Golder’s affiliated 
companies. To the maximum extent allowed by law, the Client acknowledges and agrees it will not have 
any legal recourse, and waives any expense, loss, claim, demand, or cause of action, against Golder’s 
affiliated companies, and their employees, officers and directors. 

viii) This Document is provided for sole use by the Client and is confidential to it and its professional advisers. 
No responsibility whatsoever for the contents of this Document will be accepted to any person other than 
the Client. Any use which a third party makes of this Document, or any reliance on or decisions to be 
made based on it, is the responsibility of such third parties.  Golder accepts no responsibility for 
damages, if any, suffered by any third party as a result of decisions made or actions based on this 
Document. 

GOLDER ASSOCIATES AFRICA (PTY) LTD 
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1.0 CUSTOMER DETAILS

Requested by: Keretia Lupankwa

Company name: Golder Associates Africa (Pty) Ltd

Address: P O Box 6001

Halfway House

1685

Telephone number: 011 254 4800

E-mail: klupankwa@golder.co.za

2.0 LABORATORY DETAILS

Company name: Golder Associates Research Laboratory

Division: Toxicity Division

Physical Address: 25 Main Avenue

Florida

1709

Telephone number: 011 672 0666

Registration Number 2006/020508/07

Enclosed please find Test certificate of analysis number COA2019/160. The results only relate to the 

sample(s) tested. GARL does not accept responsibility for any matters arising from the further use of the 

results. Tests marked “Not SANAS Accredited” in this Certificate of Analyses are not included in the SANAS 

Schedule of Accreditation for this laboratory. 

No part of the Certificate of Analyses may be quoted in isolation of the rest of the text without the written 

permission of GARL. Opinions and Interpretations expressed herein are outside the scope of SANAS 

accreditation.

This Certificate of Analyses supersedes results reported by telephone. 

Please contact the laboratory if further information is required.  We look forward to being of assistance to you.

Yours faithfully

____________________

Mahadi Motsumi
(Quality Coordinator)
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3.0 SAMPLE INFORMATION

3.1 SAMPLE RECEIPT

Sampling technique: Grab

Name of sampler (s): Unknown

Description of sample container (s): Ziploc bag

Date and time of sample receipt at testing laboratory: 09.12.2019 Time 10:15

Comments:
PO 101643
2l of 1:20 leachates (50g/l) samples received and 
were filtered through 0.45µm.

3.2 SAMPLES RECEIVED
Sample reference name(s): Collection date and time Sample reference number(s):

TRF Softs Overburden Unknown 19/1566

TRF Hards Interburden Unknown 19/1567

GG Discard Unknown 19/1568

4.0 INTRODUCTION TO TESTS REQUESTED
License number: Not applicable

License toxicity testing requirements: Not applicable

Plant name and / or location: Not available

Name of receiving water body (s) up and downstream of discharge: Not available

5.0 REQUESTED ANALYSES

Analyses performed: Sample reference numbers

15 and 30-minute Vibrio fischeri bioluminescent screening test 19/1566 – 19/1568

72h Selenastrum capricornutum growth inhibition screening test 19/1566 – 19/1568

24 and 48h Daphnia pulex acute toxicity screening test 19/1566 – 19/1568

96h Poecilia reticulata acute toxicity screening test 19/1566 – 19/1568
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6.0 METHODOLOGY
Test Conditions

All toxicity tests were conducted in environmentally controlled rooms using standard techniques.

Quality assurance 

The GARL Aquatic toxicology laboratory’s Policy and Quality Manual, intended to support and maintain all 

aspects of the Quality System, is based on the application of ISO/IEC 17025. The following Quality Assurance 

information would be made available on request: in-house reference toxicant test data and control charts, 

Proficiency Testing Scheme test data, additional lot and batch numbers and raw toxicity test data.

Toxicity units

The toxicity unit (TUa) for each test performed is calculated as 100% (full strength effluent expressed as 

percentage) divided by the effective concentration or LC50 expressed as percentage sample dilution (e.g. 

Daphnia pulex and Poecilia reticulata acute toxicity tests) and EC50 (e.g. Vibrio fischeri bioluminescent test 

and Selenastrum capricornutum growth inhibition test) (Tonkes & Baltus, 1997). If there is not sufficient 

toxicity in a sample to enable the determination of an EC50/LC50 value, then an acute toxicity unit of <1 will 

be assigned to the sample.

Table 1: Toxicity Units (Tonkes and Baltus, 1997)

Toxicity Unit Conclusion

< 1 Limited to Not Acutely Toxic

1 - 2 Negligibly Acute Toxic

2 - 10 Mildly Acutely Toxic

10 - 100 Acutely Toxic

> 100 Highly Acutely Toxic
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T 01: Vibrio fischeri bioluminescent test, EN ISO 11348-3 (2007)

Test endpoint:
% growth inhibition relative to control and/or EC20 
and EC50 values

Exposure period: 15 and 30 minutes

Deviation from reference method: None

Test chamber type: Polystyrene cuvettes for luminometer

Test sample volume: 500 µl

Number of replicates per sample: 2

Test temperature: 15°C ±2°C

Test organism species name and source:
Lyophilized Vibrio fischeri luminescent bacteria 
(NRRL B-11177)

Luminescent measurement: Luminoskan TL, Hygiene Monitoring System

Reagent batch number: VF 5018

Statistical methods used: Microsoft Excel® and Regression analysis

Date test performed: 12.12.2019

T 02: Selenastrum capricornutum growth inhibition test, OECD Guideline 201 (2011)

Test endpoint:
% growth inhibition relative to control and/or EC20 
and EC50 values

Exposure period: 72h

Deviation from reference method: None

Test chamber type: 10 cm path length long cells

Test sample volume: 25 ml

Number of replicates per sample: 2

Test temperature: 23°C 2 C

Test organism species name and source:
Selenastrum capricornutum, Printz algae beads 
(CCAP 278/4 Cambridge, UK)

OD measurement: Jenway 6300 Spectrophotometer

Algal beads batch number: SC 010719

Statistical methods used: Microsoft Excel® and Regression analysis

Date test performed: 09.12.2019 – 12.12.2019
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T 03: Daphnia pulex acute toxicity test, US EPA (2002)

Test endpoint: % mortality and/or LC10 and LC50 values

Exposure period: 24 and 48h 

Deviation from reference method: None

Test chamber type: 50 ml disposable polystyrene cups

Test sample volume: 25 ml

Number of test organisms per chamber: 5

Number of replicates per sample: 4

Feeding frequency: None

Test temperature: 21°C 2 C

Test organism species name, age and source:
Daphnia pulex, less than 24h old obtained from in-
house cultures

Statistical methods used: Probit software\TSK for definitive exposures

Date test performed: 10.12.2019 – 12.12.2019

T 04: Poecilia reticulata acute toxicity test, US EPA (1996)

Test endpoint: % mortality and/or LC10 and LC50 values

Exposure period: 96h

Deviation from reference method: None

Test chamber type: 250 ml disposable polystyrene cups

Test sample volume: 200 ml

Number of test organisms per sample: 10

Number of replicates per sample: 2

Feeding frequency: None

Test temperature: 23°C 2 C

Test organism species name, age and source:
Poecilia reticulata, 7-21 days old. Obtained from 
Internal stock.

Statistical methods used: Probit software\TSK for definitive exposures

Date test performed: 13.12.2019 – 17.12.2019
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7.0 RESULTS
Table 2: 19/1566, 19/1567 and 19/1568 Toxicity Results

Physical and chemical data
Method 
number

Sample reference number(s) and 
description

19/1566
TRF Softs 
Overburden

19/1567
TRF Hards 
Interburden

19/1567
GG Discard

pH M 09 7.27 7.87 7.96

Conductivity (µS/cm) M 05 216.4 222 2 400

Dissolved oxygen concentration (mg/l)

Not SANAS 
Accredited

4.26
3.83 
(aerated to 
5.21)

4.21

Residual Total chlorine (present /not present )

20.5 20.5 20.5

Toxicity test results

15 minute Vibrio fischeri bioluminescent 
screening test
(average % inhibition (-) or stimulation (+))

T 01

-28 -22 -98

30 minute Vibrio fischeri bioluminescent 
screening test
(average % inhibition (-) or stimulation (+))

-24 -19 -100

30 minute Vibrio fischeri bioluminescent test 
toxicity unit (TUa)

<1 <1 UR

72h Selenastrum capricornutum growth 
inhibition screening test 
(% growth inhibition (-) or growth stimulation (+)) T 02

+37 -62 -72

72h Selenastrum capricornutum growth 
inhibition test toxicity unit (TUa)

<1 UR UR

24h Daphnia pulex acute toxicity screening 
test 
(% mortality)

T 03

0 0 100

48h Daphnia pulex acute toxicity screening 
test 
(% mortality)

15 5 100

48h Daphnia pulex acute toxicity test toxicity 
unit (TUa)

<1 <1 UR

96h Poecilia reticulata acute toxicity 
screening test (% mortality)

T 04

0 0 100

96h Poecilia reticulata acute toxicity test 
toxicity unit (TUa)

<1 <1 UR

UR Insufficient toxicity data available from the screening results to determine TUa with certainty.
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8.0 ADDITIONAL REQUIREMENTS OR COMMENTS:
Three samples were received from Golder Associates Africa (Pty) Ltd on the 09th December 2019 in order to 

determine toxicity. The toxicity was determined using a leachate extracted from 50g/L which had been shaken 

for 24hrs.  The prepared supernatant was filtered through 0.45um to isolate the leachate to be used for 

bioassay exposures. 

The prepared leachate sample was exposed on four trophic levels (Vibrio fischeri, Selenastrum

capricornutum, Daphnia pulex and Poecilia reticulata) in order to determine acute toxic effects of the dissolved 

fraction. The leachate samples were exposed as undiluted screenings.

8.1 TRF Softs Overburden (19/1566)

The leachate prepared from the TRF Softs Overburden (19/1566) sample resulted in a supernatant with a pH 

of 7.27. This pH value was within the accepted range (pH 6 – 9) in which pH can be excluded as a driving 

factor for toxicity (USEPA, 1996). The prepared supernatant had an Electrical Conductivity (EC) of 216.4 

µS/cm and Dissolved Oxygen (DO) concentration of 4.26 mg/l. This dissolved oxygen value was above the 

minimum of 4 mg/l which is required for aquatic organisms (USEPA, 1996). Residual total chlorine was not 

present in the leachate sample.

The TRF Softs Overburden sample indicated 24% inhibition of V. fischeri after a 30 min exposure. This 

sample therefore exceeded the 20% percentage effect, but the result was below the acute effects level. This 

sample could therefore be classified as having a Toxicity unit of <1 TUa (Limited to Not acutely toxic) to 

aquatic bacterial species. The S. capricornutum exposure results indicated 37% stimulation by the leachate. 

This exposure exceeded 20% stimulation, thereby indicating a potential for algae blooms to occur if exposed 

to this leachate. As this sample did not exceed 50% inhibition, it could be classified as having a Toxicity unit of 

<1 TUa (Limited to Not acutely toxic) to algae species. The 48h exposure of the D. pulex to the LPC sample 

leachate resulted in 15% mortality. This sample therefore exceeded the 10% percentage effect, but the result 

was below the acute effects level (50%). This sample could therefore be classified as having a Toxicity unit of 

<1 TUa (Limited to Not acutely toxic) to aquatic invertebrate species. The leachate extracted from the TRF 

Softs Overburden sample did not indicate mortality in the P. reticulata test with a 0% mortality. The mortality 

result was below the acute effects level (50%) and therefore this sample could therefore be classified as 

having a Toxicity unit of <1TUa (Limited to Not acutely toxic) to sensitive fish species.

8.2 TRF Hards Interburden (19/1567)

The TRF Hards Interburden (19/1567) leachate measured a pH of 7.87 which was within the accepted range 

(pH 6 – 9) in which pH can be excluded as a driving factor for toxicity (USEPA, 1996). This supernatant had 

an EC of 222 µS/cm and DO concentration of 5.21 mg/l after aeration. The dissolved oxygen value was above 

the minimum of 4 mg/l which is required for aquatic organisms (USEPA, 1996). Residual total chlorine was not 

present in the leachate sample. 

The leachate extracted from the TRF Hards Interburden sample indicated 19% inhibition of V. fischeri after a 

30 min exposure period. This result reached the threshold of the statistically significant percentage effect and 

was therefore different to the control. The D. pulex bioassay exposure resulted in 5% mortality, whilst the P. 

reticulata exposure resulted in 0% mortality. The statistically significant threshold of 10% was therefore not 

reached for the D. pulex and P. reticulata bioassay with the result falling on the threshold for natural variation. 

There is a potential for changes in the bacteria, invertebrate and fish populations with long term exposure to 

this pure leachate. None of the bioassay results for these three trophic levels exceeded the 50% effect level 

and could be allocated a toxicity unit of <1TUa for sensitive aquatic bacteria, invertebrates and fish species. 

The S. capricornutum bioassay indicated 62% inhibition after the 72h exposure period. This sample exceeded 
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the 50% acute effects level and has the potential to result in changes to the sensitive algae species

composition with a short exposure to the leachate. As this exposure was conducted as an undiluted screening 

there is insufficient statistical data to calculate a Toxicity unit with confidence.

8.3 GG Discard (19/1568)

The GG Discard (19/1568) leachate resulted in a supernatant with a pH of 7.96. This pH was within the 

accepted range (pH 6 – 9) in which pH can be excluded as a driving factor for toxicity (USEPA, 1996). The 

prepared supernatant had an EC of 2 400 µS/cm and DO concentration of 4.21 mg/l. A minimum DO 

concentration of 4 mg/l is required for aquatic organisms (USEPA, 1996), therefore the prepared leachate had 

a high enough DO concentration for the bioassays to be completed. Residual total chlorine was not present in 

the leachate sample.

The GG Discard leachate sample indicated 100% inhibition of V. fischeri after a 30 min exposure. This sample 

therefore exceeded the acute effects level of 50% inhibition and therefore is acutely toxic towards aquatic 

bacterial species. The leachate extracted from the GG Discard sample expressed 72% inhibition towards the 

S. capricornutum. This exposure therefore exceeded the 50% inhibition threshold and would be acutely toxic 

to sensitive algae species. The D. pulex and P. reticulata bioassays expressed 100% mortality towards the 

leachate prepared from the 50 mg/l sample. These mortality results exceeded the 50% mortality threshold. As 

the leachate prepared from the GG Discard sample was exposed undiluted, as screenings, to the bioassays it 

was not possible to assign a toxicity unit with confidence. This is since there is insufficient statistical data to 

calculate the required dilution needed to limit the expressed toxicity results to <50%.

8.4 Hazard Classification
Various types of toxicity classification systems have been developed by scientists in different countries to be 

able to assign a hazard score to polluted environments (Persoone et al. 2003). Using a hazard classification 

system developed by Persoone et al. (2003) one can classify sites using the toxicity data of the non-diluted 

samples. The percentage effect of toxicity (PE) (mortality or inhibition of growth, luminescence, reproduction 

or feeding) is used to rank the water sample into one of five classes (Table 4) based on the highest toxic 

response shown in at least one of the tests applied (Persoone et al. 2003).

Table 3: Weight score allocation for each test type (Persoone et al. 2003)

Score Category

0 Statistically significant PE not reached

1 Statistically significant PE reached but less than PE50

2 The PE50 is reached or exceeded but the effect level is below 100%.

3 The PE100 is reached

Calculation of class weight Score:
Class weight score          =            (n = number of tests performed)
Calculation of class weight Score as a percentage:
Class weight score in % =            (class score) / (maximum class weight score) x 100
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Table 4: Acute Hazard Classification system for natural waters (Persoone et al. 2003)

Class Hazard Percentage Effect

I No acute hazard None of the tests show a toxic effect (i.e. an effect value that is significantly 
higher than that in the controls).

II Slight acute hazard.
A statistically significant PE is reached in at least one test, but the effect level is 
below 50%.

III Acute hazard.
The 50% Percentage Effect (PE50) is reached or exceeded in at least one test, 
but the effect level is below 100%.

IV High acute hazard tolerant 
taxa present.

The PE100 is exceeded in at least one test.

V Very high acute hazard. The PE100 is exceeded in all tests.

Table 5: Hazard Classification of Samples

Site
Vibrio 

fischeri
Selenastrum 

capricornutum
Daphnia 

pulex
Poecilia 

reticulata
Weighted 

Score
%

19/1566 TRF Softs Overburden 1 0 1 0 0.50 50.00

19/1567 TRF Hards Interburden 0 2 0 0 0.50 25.00

19/1568 GG Discard 3 2 3 3 2.75 91.67

Note: Hazard classes are therefore a true reflection of the toxicity exhibited in the bioassays exposed to the samples (Class weight score 
percentage >20%).

Table 6: Site Hazard Classification of Samples

Site Hazard Classification Percentage Effect

19/1566 TRF Softs Overburden II Slight acute 
hazard.

A statistically significant PE is reached in at least one test, but the 
effect level is below 50%.

19/1567 TRF Hards Interburden III Acute hazard.
The 50% Percentage Effect (PE50) is reached or exceeded in at 

least one test, but the effect level is below 100%.

19/1568 GG Discard IV
High acute 

hazard tolerant 
taxa present.

The PE100 is exceeded in at least one test.

Based on the hazard classification system of Persoone et al. (2003) which was developed for water 

resources, the leachate generated from the TRF Softs Overburden could be allocated hazard Class II (Slight 

acute hazard) due to the statistically significant PE being reached in at least one test (Vibrio fischeri and 

Daphnia pulex), but the effect level was below 50%. The leachate generated from the TRF Hards Interburden

sample indicated results where the 50% Percentage Effect (PE50) was exceeded in at least one test

(Selenastrum capricornutum), but the effect level was below 100%. This sample was therefore allocated an 

aquatic Hazard Classification of III (Acute Hazard). The sample from GG Discard generated a leachate which 

was allocated hazard Class IV (High acute hazard) due to a 100% mortality effect in at least one bioassay (V. 

fischeri, D. pulex and P. reticulata). It should be noted that the determined aquatic hazard is based on the 

undiluted leachate.

Please note: 

Opinions and Interpretations expressed herein are outside the scope of SANAS accreditation.

Due to the mechanism of the DPD colourmetric method to determine the presence of Residual Total 

Chlorine, there is a potential for false positive chlorine results to be indicated in the presence of any 

of the additional Group VII Halogen elements (fluorine, bromine, iodine, and astatine).

Any queries regarding the results should be lodged with Mahadi Motsumi within 14 days from the 
date of certificate of analysis receipt. The samples cannot be retained from the date of this certificate 
of analysis. If any queries relating to the results associated with these samples are received, then re-
sampling will have to take place.
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