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1 STUDY OBJECTIVES AND BACKGROUND 

1.1 INTRODUCTION 

EnviroSim Consulting, was requested by Zitholele Consulting (Pty) Ltd to undertake a Waste 

Classification study on the residue material generated from mineral processing activities at the 

Koffiefontein Diamond Mine. These residues, generally referred to as slimes, are produced from the 

processing of diamond bearing ore that is mined at the Koffiefontein Mine. It is understood that the 

intention is to dispose of the slimes at a dedicated disposal area on the Koffiefontein mining site. 

1.2 STUDY CONTEXT AND OBJECTIVE 

Mining and mineral processing residue, such as the slimes produced at the Koffiefontein Mine, was 

historically excluded from The National Environmental Management Waste Act (58 of 2008) 

(NEM:WA), as these residues were not recognised as wastes. However, from the June 2014, new 

legislation was promulgated under the National Environmental Management: Waste Amendment Act 

(26 of 2014) (NEM:WAA), which now includes mine and mineral processing residue under the 

definition of waste. 

Mining and mineral processing residues therefore have to be characterised and classified in order to 

determine requirements for safe disposal. In terms of waste classification, NEM:WAA refers to three 

regulations. These are regulation 634 (GNR634), regulation 635 (GNR635) and regulation 636 

(GNR636), promulgated under NEM:WA and published in Government Gazette No 36784 of 23 August 

2013.  

GNR634 (Waste Classification and Management Regulations) provides generic regulations for the 

classification and management of waste. GNR635 (National Norms and Standards for the Assessment 

of Waste for Landfill Disposal) provides regulations governing the waste material assessment 

methodology, while GNR636 (National Norms and Standards for Disposal of Waste to Landfill) provides 

regulations for selecting the appropriate barrier system subject to the results of the assessment under 

GNR635. 

The objective of this Waste Classification study is to characterise the slimes from a waste perspective 

and to determine whether the nature and chemical properties of the slimes require implementation 

of precautionary measures for the disposal thereof. The principles adopted for the classification of the 

Koffiefontein slimes, are taken from the National Norms and Standards for the Assessment of Waste 

for Landfill Disposal (GNR 635). 

1.3 PROJECT BACKGROUND 

Koffiefontein Mine is situated in the Southern Free State, 140 km west of Bloemfontein and 

110 km east of Kimberley. Activities at the Koffiefontein Mine include the underground extraction 

of diamond containing kimberlite ore from the low grade Koffiefontein deposit, as well as 
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opencast mining of a 5 hectare satellite deposit named Ebenhaezer. The mining operations is 

currently supplemented by re-processing of mine tailings (Rison, 2012). 

Following extraction, the ore is typically crushed and/or milled to free the diamond crystals from 

the ore matrix. The crushed material is then screened, using a variety of methods, to separate the 

diamond rich fraction from the valueless gangue material.  

The initial screening may be followed by washing of the recovered mineral fraction to remove 

fines and aid the breakdown of the remaining ore matrix.   

 

 

Figure 1.1 Layout of the Koffiefontein Mine site indicating location of the tailings storage 

facility (Rison, 2012). 
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Typically, the washed material can be further processed using a method known as dense media 

separation (DMS). DMS uses fine ferro-silicon powder (an alloy of iron and silicone) suspended in 

water to form a fluid near the density of diamond. The diamond bearing material is added to this 

mixture. The material that is lighter than the mixture (this includes the diamonds) would float and 

then move on to the next level. The material that is heavier sinks to the bottom and is discarded.  

The fines material washed from the crushed and screened ore, as well as the ‘sinks’ removed from 

the DMS, constitute the slimes, and can represent up to 99% of the original material fed into the 

plant at the beginning of the process. The slimes are disposed of at an on-site tailings storage facility. 

The location of the tailings storage facility is shown in Error! Reference source not found., which 

presents the general layout of the Koffiefontein Mine site.  

2 SAMPLING AND ANALYSIS 

2.1 SAMPLING 

Approximately 2 kg of the slimes generated at the Koffiefontein Mine was provided to EnviroSim for 

the classification assessment. This sample is understood to have been collected from the saturated 

slimes material as it is being deposited onto the tailings storage facility. As shown in Figure 2.1, the 

sample was provided in a 2 000 ml plastic bucket due to the high moisture content.   

 

Figure 2.1 Saturated sample of ‘fresh’ slimes provided to EnviroSim for testing and analysis. 
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The moisture present in the sample is process water that is used to transfer the solid mineral 

processing residues to the tailings storage facility. The sample is therefore accepted to represent a 

reasonable ‘worst case’ for the slimes material as it is constituted of un-weathered material, which can 

be expected to contain the maximum concentration of water soluble contaminants. 

Although one can expect slight variation to occur in the composition of the ore body from which the 

slimes is derived, experience with other mine tailings has demonstrated the variations in the 

composition of the residues to be small. The Koffiefontein tailings storage facility is therefore accepted 

to be largely homogeneous with regard to its chemical composition. The single sample evaluated is 

assumed to be representative of the slimes material generated at the Koffiefontein Mine. 

A copy of the chain of custody and analytical request form used in the transfer of the sample from the 

client to the laboratory is attached as Annexure A. 

2.2 LABORATORY TEST-WORK AND ANALYSIS 

The Koffiefontein slimes sample was submitted to the Waterlab analytical laboratory in Pretoria for 

testing and analysis. Waterlab was requested to conduct the following test work and analysis in 

accordance with the methods prescribed in GNR 635: 

 An aqua regia (total) digestion of the sample; followed by quantitative analysis by inductively 

coupled optical emission spectrometry (ICP-OES), and other methods, for the following, in 

accordance with GNR 635:  

 ICP analysis for 15 elements (As,B, Ba, Cd, Co, Cr (total), Cu, Mn, Mo,Ni, Pb, Sb, Se, V, Zn);  

 Additional analysis for mercury (Hg), hexavalent chromium (Cr VI), total fluoride (F) and total 

cyanide (CN). 

 An aqueous extraction conducted in accordance with the prescribed leach testing procedure AS 

4439.3 (1997) standard, which is analysed as follows: 

 ICP analysis for 16 elements (As,B, Ba, Cd, Co, Cr (total), Cu, Hg, Mn, Mo, Ni, Pb, Sb, Se, V, Zn) 

 Total dissolved salt (TDS) concentration and specific anions and cations including Cr(VI), Cl, 

SO4, NO3 as N, F and CN (total). 

 pH of the leach solution 

Waterlab was requested not to decant or filter any process water from the solids of the sample before 

the leach testing, but too dry the sample as received, through natural evaporation of the process 

water. This is to ensure that any inorganic ions dissolved in the process water remain within the sample 

for the leach test.  

As described earlier, the slimes is inorganic in nature and contains only mineralogical materials of 

natural origin. The waste is thus considered non-putrescible and will be disposed in a dedicated waste 

disposal facility. In accordance with the AS 4439.3 standard, reagent water was used for the leach test 

at a liquid to solid ratio of 20:1.  
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The slimes material and leach solution was not analysed for any of the prescribed organic 

contaminants, as the slimes material is derived directly from the inorganic ore which is processed 

through crushing, screening and separation. At no point during the processing is any organic compound 

added to the materials. The slimes can therefore reasonably be expected to only contain inorganic 

compounds and elements in either mineralogical or dissolved form. 

3 CLASSIFICATION OF WASTE 

3.1 CLASSIFICATION APPROACH 

The waste classification approach prescribed under the National Norms and Standards for the 

Assessment of Waste for Landfill Disposal (GNR 635), involves the determination of a Risk Profile for 

the waste by following the prescribed testing and leach testing protocols, described in Section 2.2. The 

results must be assessed against the threshold levels for Leachable (LCT) and Total Concentrations 

(TCT) which, in combination, determine the Risk Profile of the waste as set out below. The threshold 

values and waste types are documented in GNR 635, viz: 

 Type 4 Waste: wastes with all determinant concentrations below the LCT0 and TCT0 values; 

 Type 3 Waste: wastes with any determinant concentration above the LCT0 but below the LCT1 

value and all determinant concentrations below the TCT1 values; 

 Type 2 Waste; wastes with any determinant concentration above the LCT1 but below the LCT2 

values, and all determinant concentrations below the TCT1 values; 

 Type 1 Waste: wastes with any determinant concentration above the LCT2 but below the LCT3 

values, or above the TCT1 but below the TCT2 values; and 

 Type 0 Waste: wastes with any determinant concentration above the LCT3 or TCT2 values. 

3.2 CLASSIFICATION 

Table 3.1 lists the total and leachable concentrations of inorganic determinants in the Koffiefontein 

slimes sample. The values were taken from the analytical results, a copy of which, as received from the 

Waterlab laboratory is attached as Annexure B.  

Table 3.1 further list the leachate and total concentration threshold values prescribed in GNR 635. The 

threshold value columns are shaded and where the reported total concentration or leach 

concentration exceeds the threshold, the values are shaded correspondingly.  

In terms of the prescribed classification procedure, the sample of Koffiefontein slimes classify as Type 3 

waste. The classification is due to the total concentrations of barium, cobalt, copper, nickel and 

fluoride and the leach concentrations of nickel. 

In accordance with the provisions of the Standard for Disposal of Waste to Landfill (GNR.636), the 

landfill used for disposal of a Type 3 waste must comply to the minimum engineering design 

requirements of a Class C landfill. 
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Table 3.1 Waste Classification Table for Inorganic Determinants in slimes from the Koffiefontein Mine. 

Determinant 

Total Concentration (TC) Leachate Concentration (LC) Threshold Levels 
Waste 
Type 

GC015 GC015 TCT0  TCT1 TCT2 LCT0  LCT1  LCT2  LCT3  

mg.kg-1 mg.L-1 mg.kg-1 mg.L-1 

As, Arsenic <4.00 <0.010 5.8 500 2 000 0.01 0.5 1 4 Type 4 

B, Boron <10 0.049 150 15 000 60 000 0.5 25 50 200 Type 4 

Ba, Barium 572 0.045 62.5 6 250 25 000 0.7 35 70 280 Type 4 

Cd, Cadmium 5.6 <0.003 7.5 260 1 040 0.003 0.15 0.3 1.2 Type 4 

Co, Cobalt 58 <0.025 50 5 000 20 000 0.5 25 50 200 Type 4 

CrTotal, Chromium Total 236.4 0.028 46 000 800 000 N/A 0.1 5 10 40 Type 4 

Cr(VI), Chromium (VI) <5 <0.010 6.5 500 2 000 0.05 2.5 5 20 Type 4 

Cu, Copper 16 <0.025 16 19 500 78 000 2 100 200 800 Type 4 

Hg, Mercury <0.4 <0.001 0.93 160 640 0.006 0.3 0.6 2.4 Type 4 

Mn, Manganese 760 0.129 1 000 25 000 100 000 0.5 25 50 200 Type 4 

Mo, Molybdenum <10 <0.025 40 1 000 4 000 0.07 3.5 7 28 Type 4 

Ni, Nickel 792 0.241 91 10 600 42 400 0.07 3.5 7 28 Type 3 

Pb, Lead 8 <0.010 20 1 900 7 600 0.01 0.5 1 4 Type 4 

Sb, Antimony 6.4 <0.010 10 75 300 0.02 1 2 8 Type 4 

Se, Selenium <8.00 <0.010 10 50 200 0.01 0.5 1 4 Type 4 

V, Vanadium <10 <0.025 150 2 680 10 720 0.2 10 20 80 Type 4 

Zn, Zinc 63.6 <0.025 240 160 000 640 000 5 250 500 2 000 Type 4 

Total Dissolved Solids* - 370 N/A N/A N/A 1 000 12 500 25 000 100 000 Type 4 

Chloride as Cl - 13 N/A N/A N/A 300 15 000 30 000 120 000 Type 4 

Fluoride as F 409 <0.2 100 10 000 40 000 1.5 75 150 600 Type 4 

Nitrate as N - <0.2 N/A N/A N/A 11 550 1 100 4 400 Type 4 

Sulphate as SO4 - 31 N/A N/A N/A 250 12 500 25 000 100 000 Type 4 

Total Cyanide as CN <0.01 <0.01 14 10 500 42 000 0.07 3.5 7 28  Type 4 
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4 CONCLUSIONS AND RECOMMENDATIONS 

The evaluation presented above indicates that the Koffiefontein slimes classify as a Type 3 waste, 

based on the concentration of nickel detected in the leach test extract. Based on this classification, a 

landfill site designed to comply with the containment barrier requirements of a Class C landfill must be 

used for disposal of the tailings.  

The Class C landfill containment barrier requirements include several protective layers of compacted 

clay and geotextile, as well as an under drainage and monitoring system at the base of the landfill. This 

is to contain leachate draining from the disposed waste. The intention of applying such extensive 

containment for disposal of a Type 3 waste, is to protect the health of humans and aquatic ecosystems 

that may be exposed to groundwater and surface water resources impacted by leachate from the 

landfill. 

Based on a recent specialist report (Rison, 2012) on a hydrogeological investigation conducted of the 

Koffiefontein Mine site, it is understood that likelihood of contaminants leaching from the tailings 

storage facility reaching groundwater or surface water resources, utilised for agriculture or domestic 

purposes, is low. The reason for this is the low storativity and transmissivity reported for the aquifer 

underlying the Koffiefontein Mine site (Rison, 2012). This assertion is further supported by water 

quality data presented for monitoring boreholes directly adjacent to the Koffiefontein tailings storage 

facility. The monitoring results indicate the concentration of nickel in the groundwater as zero (Rison, 

2012). Furthermore, of the contaminants identified in groundwater at the Koffiefontein site, which 

includes sodium (Na), chloride (Cl), magnesium (Mg), potassium (K), calcium (Ca) and sulphate (SO4), 

none are shown to leach from the Koffiefontein slimes (see Table 3.1) above threshold values.  

Given the low likelihood for impact, the requirement of a Class C landfill for disposal of the 

Koffiefontein slimes seems unnecessarily severe. It is therefore recommended that the environmental 

properties of the slimes be investigated further to determine whether the leachate concentrations, 

which resulted in the Type 3 classification, are likely to occur and whether these contaminants are 

likely to reach receptors. The prescribed leach tests on which the classification was based, presents a 

worst case estimate of the leaching characteristics of a waste. The prescribed test is a batch extraction 

which only gives an indication of the instantaneous release characteristics of highly soluble 

contaminants under a very high liquid-to-solid ratio.  

It is thus recommended that an investigation of the geochemical properties of the Koffiefontein slimes 

be performed to determine whether the release of contaminants are likely to occur under site specific 

conditions and whether it is likely to continue over an extended period of time. The mobility of the 

contaminants, which are likely to be released through leaching, in the underlying geosphere should 

also be investigated. 

It is further recommended that the results of the geochemical investigation be evaluated in terms of 

the potential for human health impact. The contaminants that are shown to reach groundwater should 
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be evaluated in terms of their respective toxicity to water users, to place in context the actual health 

risks posed to humans that may be exposed to these contaminants.  

Depending on the outcome of these investigations, a motivation in support of a request for relaxation 

of the required containment can be presented to the Department of Environmental Affairs.  
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