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EXECUTIVE SUMMARY 

 

An assessment of uranium trial mining on four mining sites in the Karoo Uranium 

Province, South Africa revealed localised above-background values for U, Mo, 

Pb, Cu, As and Fe in surface - and ground water, soils, sediment and crops. 

Inadequate remedial action on cessation of mining activities in 1980 led to the 

presence of uranium ore in stockpiles, open pits, mining shafts, mining 

equipment and waste dumps within featured areas. 

 

Heavy metal contamination is suppressed by the lack of run–off and the dry 

climate experienced within the mining areas. However, the heavy metal content 

in surface water and sediment within the open pits on Rietkuil and Mooifontein is 

especially high. These values pose a risk for human ingestion and may cause 

cancer in the long term or renal damage over the short term. These pits are 

easily accessed, lack a fence and are used for a drinking medium by fauna and 

as a growth medium for flora. The easily accessed Cameron Shaft on Ryst Kuil is 

a matter of concern due to the possible presence of the radioactive inert gas, 

radon. 

 

Farm owners were unaware of the possible toxic effects of uranium and coherent 

heavy metals. This led to previous usage of mine water for crop irrigation, the 

moving and feeding of livestock as well as wildlife amongst uranium ore 

stockpiles, swimming in water-filled open pits and using crushed uranium ore for 

gravel road maintenance and construction.  

 

The presence of uranium ore in stockpiles and the coherent effects on the water, 

soils, sediment, fauna and flora and possibly man, prioritises the remediation and 

rehabilitation of the of uranium trial mining sites within the Karoo Uranium 

Province. 
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Figure 3.2.6 Heavy metal concentration (ppm) in Rietkuil ore. 

 

Table 3.2.1 Estimated total volume (m3) and tonnage (t) of stockpiled uranium 

ore on surface of Rietkuil. 
 

Ore 

 

 (m3) 

Ore 

(Rounded to 100) 

(t) 

 

36 x 102 

 

95 x 102 

 

 

For detail on techniques used, see Ore Quantity Calculations under Appendix 

A1, for sampling methods see Appendix A2 and for analytical results see 

Appendix C2. 
 
3.2.4 Water 

 

Ground – and surface water were sampled for heavy metal analysis. Results 

were compared with background values, Environmental Guidelines for Heavy 

Metals in South Africa (DWAF 1996) and concentrations obtained from the 

World Health Organization (WHO 2003) (see Appendix B1). Water was 

sampled for arsenic, copper, iron, molybdenum, lead and uranium. (See 



 45 

Appendix A2 for sampling methods and Appendix C2 for detailed analytical 

results).   

 

3.2.4.1 Groundwater  

 

Groundwater samples were taken at four different locations (including one 

background location). At present the arsenic, molybdenum and uranium 

concentra tions in groundwater samples on Rietkuil are ideal (Appendices B1 

and C2) (DWAF 1996). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in groundwater on Rietkuil. 
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Figure 3.2.7 Above-background copper concentrations (mg/l) in groundwater 

on Rietkuil. Red values are above ideal for aquatic ecosystems (DWAF 1996). 
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Fe concentration in groundwater on Rietkuil
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Figure 3.2.8 Above-background iron concentrations (mg/l) in groundwater on 

Rietkuil. Red values are above ideal for domestic use (DWAF 1996). 
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Figure 3.2.9 Above-background lead concentrations (mg/l) in groundwater on 

Rietkuil. Red values are above ideal for domestic use and aquatic ecosystems 

(DWAF 1996). 

 

0.077 0.043 

0.281 

0.250 

<0.010 <0.010 <0.010 

0.012 



 47 

3.2.4.2 Surface water 

 

Four different locations were sampled (including one background location). 

Copper concentrations in surface water at Rietkuil are all above ideal (DWAF 

1996), but below background, whilst iron concentrations are, with the 

exception of the sample from the open pit (no. 1 on location map), above ideal 

(DWAF 1996), but all below background. With the exception of ROW 4 (no. 14 

on location map) lead values are above ideal (DWAF 1996), but all below 

background (See Appendices B1 and C2). 

  

The following graphs represent only above-background concentration levels of 

heavy metals in surface water on Rietkuil. 
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Figure 3.2.10 Above-background arsenic concentrations (mg/l) in surface 

water on Rietkuil. Red values are above ideal for domestic use (WHO 2003) 

and aquatic ecosystems (DWAF 1996). 
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Mo concentration in surface water on 
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Figure 3.2.11 Above-background molybdenum concentrations (mg/l) in 

surface water on Rietkuil. Red values are above ideal for agricultural use 

(DWAF 1996). 
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Figure 3.2.12 Above-background uranium concentrations (mg/l) in surface 

water on Rietkuil. Red values are above ideal for domestic (WHO 2003) and 

agricultural use (irrigation) (DWAF 1996). 
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3.2.5 Soil  

 

Soil was sampled at six locations including one background location (See 

Appendix A2 for sampling methods and Appendix C2 for detailed analytical 

results).  Concentrations are compared with normal ranges of heavy metals in 

soils and stream sediment as derived from Alloway (1993) (Appendix B3). 

Copper and molybdenum concentrations are all below background and below 

normal (Appendices B2 and C2) (Alloway 1993). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in soil on Rietkuil. 
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Figure 3.2.13 Arsenic concentration (ppm) in soil samples on Rietkuil showing 

above-background levels. No values are above normal (Alloway 1993). 
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Pb concentration in Rietkuil soil
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Figure 3.2.14 Lead concentration (ppm) in soil samples on Rietkuil showing 

above-background levels. No values are above normal (Alloway 1993). 
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Figure 3.2.15 Uranium concentration in soil samples on Rietkuil showing 

above-background levels. No values are above normal (Alloway 1993). 
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3.2.6 Stream sediment  

 

Stream sediment was sampled at seven locations including one background 

location (See Appendix A2 for sampling methods and Appendix C2 for detailed 

analytical results). Concentrations are compared with normal ranges of heavy 

metals in soils and stream sediment as derived from Alloway (1993) (Appendix 

B3). Lead concentrations are below background and below normal 

(Appendices B2 and C2) (Alloway 1993). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in stream sediment on Rietkuil. 
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Figure 3.2.16 Copper concentration (ppm) in stream sediment on Rietkuil 

showing above-background levels. Concentrations are below normal (Alloway 

1993). 
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As concentration in Rietkuil stream sediment
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Figure 3.2.17 Arsenic concentration (ppm) in stream sediment on Rietkuil 

showing above-background levels . Red values are above normal (Alloway 

1993). 
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Figure 3.2.18 Molybdenum concentration in stream sediment on Rietkuil 

showing above-background levels . Red values are above normal (Alloway 

1993). 
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U concentration in Rietkuil stream sediment

0

100

200

300

400

500

600

700

800

900

Background 1

Nos. on Location Map

C
on

ce
nt

ra
tio

n 
(p

pm
)

 
 

 

Figure 3.2.19 Uranium concentration in stream sediment on Rietkuil showing 

above-background levels. Red values are above normal (Alloway 1993). 

 

 

3.2.7 Crops  

 

Lucerne crops were sampled and analysed for heavy metal composition (See 

Appendix A2 for sampling methods and Appendix C2 for detailed analytical 

results).  All of the material except the roots was  sampled. 

 

0.39 

786.52 
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Heavy metal concentration in Rietkuil crops
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Figure 3.2.20 Heavy metal concentration in lucerne crops growing 

downstream of mining area on Rietkuil  (No. 3 on location map). Red values are 

above ideal (ATSDR 1999-2002, Act 54 1972 and Waldbott 1973). 

 

3.2.8 Background concentrations 

 

Surface – and groundwater as well as stream sediment and soil background 

samples were collected upstream from the northern parts of Rietkuil.  

17011.99 

61.81 4.19 18.93 46.89 2.04 
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3.3 DR-3 

 

3.3.1 Introduction 

 

This anomaly, located to the north of Laingsburg, is unusual in that it occurs 

exceptionally lower in the stratigraphy than other known large sandstone 

uranium deposits in the lower Beaufort Group of the Karoo Supergroup. The 

Johannesburg Consolidated Investment Company Ltd (JCI) was  involved in 

the exploration and trial mining activities in the area.  

 

The deposit is located a few hundred metres lower than the level of the 

Poortjie Sandstone, 100m below the Koornplaats Member, within the middle 

Abrahamskraal Formation (table 1.1) (Loock et al. 1994). The regional geology 

of the area is shown in fig 3.3.1. 

 

 
Figure 3.3.1 Regional geology of area surrounding the DR-3 trial mining area. 

Map compiled using Arcview 3.2  and the Environmental and Tourism Potential 

Atlas (2001) for the Western Cape. 
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Figure 3.3.2 (a) and (b). Location map showing DR-3 farm. (a) Map compiled using Arcview 3.2 and Environmental and Tourism Potential Atlas (2001) for the Western  Cape (b) 1:12 000 part of 

aerial photograph (no. 8622, strip 11, job 1014. 1:60 000 - 1998) showing area surrounding mining activities on DR-3. The numbering on the photograph is explained on the following pages. The ore 

body outline is from Wadley and Hoffmann (1986). 
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3.3.2 Trial mining adit 

 

In order to obtain a larger metallurgical sample, to provide additional geological 

data and to test mining conditions and techniques, a 50m - long adit was 

excavated 500m north-west of the Middelstevlei homestead during October 

and November 1980. During this time approximately 500t of material was 

excavated. After blasting , each round was stored in an open dump yard 

(Wadley and Hoffmann 1986). 

 

 

 

Figure 3.3.3 Entrance to sealed trial mining adit on DR-3.  

 

Sealed adit entrance 
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3.3.3 Ore stockpiles and barrels 

 

Twenty-five ore dumps remain in the mining area as well as eight ore 

containing barrels, each of 200l capacity . These are situated 500m upstream 

from the Middelstevlei homestead. 

 

According to Wadley and Hoffmann (1986) certain dumps were incorporated 

into a 50t bulk metallurgical sample which was submitted for pilot plant studies. 

 

 

 
 

 

Figure 3.3.4 Ore stockpiles and barrels with Middelstevlei homestead visible in 

background. 
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Mine adit 
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Heavy metal concentration in DR-3 ore 
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Figure 3.3.5. Uranium concentration (ppm) in DR-3 ore. 

 

 

 

 

Figure 3.3.6 Rust in 200l ore containing barrels (No. 3 on location map). 
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Table 3.3.1 Estimated total volume (m 3) and tonnage (t) of ore in stockpiles 

and barrels on surface of DR-3. 

 

 Ore stockpiles 

(Rounded to 10) 

Barrels 

(Rounded to 1) 

Total 

 

 

Volume (m 3) 

 

80 

 

1.6 

 

81.60 

 

Tonnage (t) 

 

11 x 101 

 

2 

 

11.2  x 101 

 

 

For detail on techniques used, see Ore Quantity Calculations under Appendix 

A1, for sampling methods see Appendix A2 and for analytical results see 

Appendix C3. 

 

3.3.4 Water  

 

Ground – and surface water were sampled for heavy metal analysis. Results 

were compared with background values, Environmental Guidelines for Heavy 

Metals in South Africa (DWAF 1996) and concentrations obtained from the 

World Health Organization (WHO 2003) (see Appendix B1). Water was 

sampled for arsenic, copper, iron, molybdenum, lead and uranium. (See 

Appendix A2 for sampling methods and Appendix C3 for detailed analytical 

results).   

 

3.3.4.1 Groundwater  

 

Samples were taken at four different locations (including one background 

location). Arsenic, molybdenum, lead and uranium concentrations are ideal 

(DWAF 1996). All iron concentrations, with the exception of DGW 3 (no. 4 on 

location map), in groundwater at DR-3 are above ideal (DWAF 1996), but 

below background (Appendix B1 and C3). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in groundwater on DR-3. 
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Figure 3.3.7 Above-background copper concentrations (mg/l) in groundwater 

on DR-3. Red values are above ideal for aquatic ecosystems (DWAF 1996). 

 

3.3.4.2 Surface water 

 

Due to the relative aridity experienced within the area, surface water sampling 

was limited to one only. 
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Figure 3.3.8 Heavy metal concentrations (mg/l) in surface water on DR-3. 

Sample was taken at no. 10 on locality map. Copper values are above ideal for 

aquatic ecosystems (DWAF 1996). 

<0.010 
0.015 

0.040 

0.004 

<0.010 

<0.05 



 62 

3.3.5 Soil   
 

Soil was sampled at one location only. (See Appendix A2 for sampling 

methods and Appendix C3 for detailed analytical results).  Concentrations are 

compared with normal ranges of heavy metals in soils and stream sediment as 

derived from Alloway (1993) (Appendix B3). 
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Figure 3.3.9 Heavy meta l concentration in soil on DR-3. Sample was taken at 

no. 6 on locality map. No values are above normal (Alloway 1993). 

 

3.3.6 Stream sediment  

 

Stream sediment was sampled at five locations including two background 

locations.  (See Appendix A2 for sampling methods and Appendix C3 for 

detailed analytical results).  Concentrations are compared with normal ranges 

of heavy metals in soils and stream sediment as derived from Alloway (1993) 

(Appendix B3). All lead values are below background and below normal 

(Appendices C3 and B3) (Alloway 1993). 
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The following graphs represent only above background concentra tion levels of 

heavy metals in stream sediment on DR-3. 
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Figure 3.3.10 Copper concentrations (ppm) in stream sediment on DR-3 

showing above background levels. No values are above normal (Alloway 

1993). 
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Figure 3.3.11 Arsenic  concentrations (ppm) in stream sediment on DR-3 

showing above-background levels. No values are above normal (Alloway 

1993). 
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Figure 3.3.12 Uranium concentrations (ppm) in stream sediment on DR-3 

showing above-background levels . Red values are above normal (Alloway 

1993). 

 

 

3.3.7 Crops  

 

Onion crops were sampled and analysed for heavy metal composition (See 

Appendix A2 for sampling methods and Appendix C3 for detailed analytical 

results).  
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Heavy metal concentration in DR-3 crops
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Figure 3.3.13 Heavy metal concentration in onion crops growing downstream 

of  mining area on DR-3 (No. 6 on location map). Red values are above ideal 

(ATSDR 1999 – 2002, Act 54 1972 and Waldbott 1973). 

 

3.3.8 Background concentrations 

 

Groundwater and stream sediment background samples were taken upstream, 

on the adjoining farm Koornplaats.  
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3.4 Mooifontein  

 

3.4.1 Introduction 

 

The Mooifontein deposit and trial mining area is located approximately 10km 

northeast of Edenburg in the Free State. The site was prospected by Rio Tinto 

Explora tion (Pty) Ltd. during the period 1977 to 1980 (Le Roux 1985). The 

area is located within the upper Balfour Formation (Le Roux 1985) of the 

Adelaide Subgroup (table 1.1) and the regional geology is shown in fig. 3.4.1. 

 

 
 

Figure 3.4.1 Regional geology of area surrounding the Mooifontein trial mining 

area. Map compiled using Arcview 3.2 and the Environmental and Tourism 

Potential Atlas (2001) for the Free State . 

 

The mineralization differs from most uranium deposits in the southern Karoo by 

their greater mean thickness and the fact that they are more continuous (Le 

Roux and Hambleton-Jones 1991).       
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Figure 3.4.2 (a) and (b). Location map showing Mooifontein farm. (a) Map compiled using Arcview 3.2 and Environmental and Tourism Potential Atlas (2001) for the Free State (b) 1: 16 000 part of 

aerial photograph (no . 1227, strip 10,  job 1023. 1:50 000 - 1999) of mining activities on Mooifontein  The numbering on the photograph shows mainly sampling localities and is explained in text. The 

ore body outline is from Le Roux (1985).
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3.4.2 Open Pit 

 

The open pit excavated by Rio Tinto (Le Roux 1985) covers an area of 50m2 

and is approximately 2m deep up to water level. The open pit is actually 

situated on the farm Bultfontein (see location map) not on Mooifontein, but for 

purposes of literature reference in the past and present, the name Mooifontein 

will be used. The open pit and surrounds is located within a fenced-off area, 

but lacking a gate and giving easy access to all. The pit is permanently flooded 

(personal communication by the owner of Bultfontein and Le Roux 1985) with 

water levels reaching 1 to 2 metres in depth.  

 

 

 

Figure 3.4.3 Water-filled 50m2 open pit on Mooifontein, person on top used for 

scale. No. 2 on location map. 

 

3.4.3 Ore stockpiles 

 

The stockpiles  are situated in the vicinity of the open pit, next to a tributary of 

the Riet River, approximately 2km upstream from the Mooifontein homestead. 
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Figure 3.4.4 Uranium ore stockpiles on surface of Mooifontein. No. 2 on 

location map. 
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Figure 3.4.5 Heavy metal concentration (ppm) in Mooifontein ore. 
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Table 3.4.1 Estimated total volume (m3) and tonnage (t) of stockpiled uranium 

ore on surface of Mooifontein.  

 

Ore stockpiles 

(Rounded to 10) 

(m3) 

Ore stockpiles 

(Rounded to 10) 

(t) 

 

40 

 

60 

 

 

For detail on techniques used, see Ore Quantity Calculations under Appendix 

A1, for sampling techniques se Appendix A2 and for analytical results see 

Appendix C4. 

 

3.4.4  Water 

 

Ground – and surface water were sampled for heavy metal analysis. Results 

were compared with background values, Environmental Guidelines for Heavy 

Metals in South Africa (DWAF 1996) and concentrations obtained from the 

World Health Organization (WHO 2003) (see Appendix B1). Water was 

sampled for arsenic, copper, iron, molybdenum, lead and uranium. (See 

Appendix C4 for detailed analytical results). 

 

3.4.4.1 Groundwater  

    

Samples were taken at five different locations (including one background 

location). At present the arsenic and uranium concentrations in groundwater 

samples on Mooifontein are ideal (Appendices B1 and C4) (DWAF 1996). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in groundwater on Mooifontein. 
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Figure 3.4.6 Above-background copper concentrations (mg/l) in groundwater 

on Mooifontein. Red values are above ideal for aquatic ecosystems (DWAF 

1996).  
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Figure 3.4.7 Above-background iron concentration (mg/l) in groundwater on 

Mooifontein. Red values are above ideal for domestic use (DWAF 1996). 
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 Mo concentration in groundwater on Mooifontein
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Figure 3.4.8 Above-background molybdenum concentrations (mg/l) in 

groundwater on Mooifontein. Red values are above ideal for agricultural use 

(DWAF 1996). 

 

 Pb concentration in groundwater on Mooifontein

0.008

0.009

0.01

0.011

0.012

0.013

0.014

0.015

0.016

0.017

0.018

Background 10 11

Nos. on Location Map

C
o

n
ce

n
tr

at
io

n
 (

m
g

/l)

 
 

Figure 3.4.9 Above-background lead concentrations (mg/l) in groundwater on 

Mooifontein. Red values are above ideal for domestic use and aquatic 

ecosystems (DWAF 1996). 
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3.4.4.2 Surface water 

 

Samples were taken at seven different locations (including one background 

location). Copper and iron concentrations in surface water on Mooifontien are 

all above ideal (DWAF 1996), but below background, whilst lead 

concentrations are all, except for samples MOW 1 and MOW 2, above ideal 

(DWAF 1996), but below background for aquatic ecosystems (See Appendices 

B1 and C4). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in surface water on Mooifontein. 
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Figure 3.4.10 Above-background arsenic concentrations (mg/l) in surface 

water on Mooifontein . Red values are above ideal for domestic use (WHO 

2003) and aquatic ecosystems (DWAF 1996). 
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Figure 3.4.11 Above-background Mo concentrations (mg/l) in surface water on 

Mooifontein. Red values are above ideal for agricultural use (DWAF 1996). 
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Figure 3.4.12 Above-background U concentrations (mg/l) in surface water on 

Mooifontein. Red values are above ideal for domestic and agricultural use 

(WHO 2003 and DWAF 1996). 
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3.4.5 Soil 

 

Soil was sampled at two locations; including one background location 

(Sampling techniques are available in Appendix A2).  Concentrations were 

compared with normal ranges of heavy metals in soils and stream sediment as 

derived from Alloway (1993) (Appendix B3). Copper, molybdenum and 

uranium concentrations are below background and below normal (Appendices 

B3 and C4) (Alloway 1993). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in soil on Mooifontein. 
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Figure 3.4.13 Arsenic concentrations (ppm) in soil on Mooifontein showing 

above background levels. No values are above normal (Alloway 1993). 
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Pb concentration in Mooifontein soil
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Figure 3.4.14 Lead concentrations (ppm) in soil on Mooifontein showing 

above-background levels. No values are above normal (Alloway 1993). 

 

3.4.6 Stream sediment 

 

Stream sediment was sampled at eight locations including one background 

location (Sampling techniques are available in Appendix A1). Concentrations 

are compared with normal ranges of heavy metals in soils and stream 

sediment as derived from Alloway (1993) (Appendix B3). Molybdenum 

concentrations are below background and below normal (Appendices B3 and 

C4) (Alloway 1993). 

 

The following graphs represent only above-background concentration levels of 

heavy metals in stream sediment on Mooifontein. 
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Cu concentration in Mooifontein stream sediment
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Figure 3.4.15 Above-background concentration (ppm) of copper in stream 

sediment on Mooifontein. Red values are above normal (Alloway 1993). 
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Figure 3.4.16 Above-background concentration (ppm) of arsenic in stream 

sediment on Mooifontein. All values are below normal (Alloway 1993). 
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Pb concentration in Mooifontein stream sediment
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Figure 3.4.17 Above-background concentration (ppm) of lead in stream 

sediment on Mooifontein. All values are below normal (Alloway 1993). 
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Figure 3.4.18 Above background concentration (ppm) of uranium in stream 

sediment on Mooifontein. Red values are above normal (Alloway 1993). 
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3.4.7 Background concentrations 

 

Groundwater -, soil - and stream sediment background samples were taken 

upstream, on the adjoining farm Bultfontein (See locality map).  
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CHAPTER 4 

 

IMPACT OF RELATED MINING ACTIVITIES ON THE ENVIRONMENT 

 

4.1 Introduction 

 

Mining operations have gone on for thousands of years and abandoned mines 

and mining operations are found throughout the world. Mines are local 

phenomena and their major environmental impacts are largely local, however, 

the dispersion of heavy metals can be regional and even global (Allan 1995). 

 

Mining and metal beneficiation industries have developed into sophisticated 

operations, yet the basic causes of pollution remain unchanged. This chapter 

illustrates the environmental impac t of inadequate remediation of uranium 

mining through two case studies. 

 

4.2 Königstein  
 

The Königstein Uranium Mine, in Saxony, East Germany, was closed in 1990 

ending production in the former German Democratic Republic. The uranium 

deposit was mined conventionally in the 1970’s and from 1981 it was mined by 

in-situ leaching. This involved injection of dilute sulphuric acid into the ore 

body, which in some cases required blasting to make the sandstone host rock 

sufficiently permeable. A waste dump of about 4 x 106m3, abandoned 

equipment and building wastes  were left at Schüsselgrund valley near 

Königstein.  

 

The impact of the Schüsselgrund mine dump on the aquatic environment was 

evaluated based on the evolution of the contaminants dissolved in the dump 

water and the amount of water released from the dump per year. For the waste 

material, the long-term behaviour of mine waste reactions with dump material 

was considered. Results are conclusive that the disposal of water treatment 

residues, asbestos cement, rubble, glass and porcelain in the Schüsselgrund 

mine dump causes no additional contaminant release (Schneider et al. 2001). 



 81 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Location of uranium mines and mills in former Democratic Republic 

of Germany (East Germany). From www.antenna.nl/wise/uranium/uwis.html#1 

 

The principal concerns for the restoration of this site are centered on the 

flooding of the underground mine workings that will occur after the mine is 

closed down. There is potential for the contamination of surrounding 

groundwater and surface water streams with U, Ra, SO4, Fe and other heavy 

metals. Although small–scale flooding trials are currently being conducted, 

restoration is still not complete and the mine still represents a threat to the 

surrounding aquifer, an important groundwater source for the region (Mudd 

2001).  
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4.3 Rum Jungle  

 

Rum Jungle, an abandoned uranium open cut operation, is located in the 

tropical north of Australia, 85km south of Darwin. Mining was carried out 

between 1954 and 1964 and operations ceased in 1971 (Harries et al. 1997).  

 

 
 

 

 

Figure 4.2. Rum Jungle Uranium Mine in the Northern Territories of Australia .  

From www.sea-us.org.au/oldmines/rumjungle.html and www.uic.com .au/fmine. 

htm#rumj 
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On abandonment of the site  the main waste management concerns were three 

waste rock dumps containing 10Mt waste rock and covering an area of 51ha; 

three water-filled open cuts of total area 22ha; a tailings disposal area 

containing 0.6Mt tails over 31ha and a copper heap leach pile containing 0.3Mt 

ore over 2ha. The waste rock dumps contain pyrite and other metal sulphides 

associated with the uranium ore body. Results show that the water running off 

the dumps was acidic and polluting the streams that flow through the mine site 

(Harries and Ritchie 1983). 

 

Within a few years the Rum Jungle mine had become one of Australia's most 

notorious pollution problems, due to oxidation of sulphides by bacteria and the 

consequent release of acid and metals into the East Finniss River. The 

monsoonal climate and 1500mm rainfall coupled with the pyritic mineralization 

in the area created ideal conditions for such processes. Rehabilitation at the 

Rum Jungle uranium mine was a failure during the 1980’s, whilst a 

rehabilitation project begun in 1993, was successful in restoring the area. This 

represents a span of some 40 years between creation of a major 

environmental problem and its remediation, which, however, did not undo the 

damage already done. 
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CHAPTER 5 

 

LEGISLATION IN SOUTH AFRICA 

 

5.1 Introduction 

 

Since the advent of mining in South Africa, some regulatory measures have 

been in existence for the mining industry to protect and conserve the 

environment. Early legislation placed responsibilities in this regard on the 

owner of a mine until such time as the owner has been issued with a certificate 

releasing him from such responsibilities . 

  

5.2 Mining  

 

According to the Minerals Act no. 50 (1991) section 1, a mine is any 

excavation in the earth, including the portion under the sea or under other 

water or in any tailings, as well as any borehole, whether being worked or not, 

made for the purpose of searching for or winning a mineral; or any other place 

where a mineral deposit is being exploited, including the mining area and all 

buildings, structures, machinery, mine dumps, access roads or objects situated 

on such area and which are used or intended to be used in connection with 

such searching, winning or exploitation or for the processing of such mineral. 

Mining is, under the same Act no. 50 (1991) section 1, the making of any 

excavation or borehole or the exploitation of any mineral deposit in any other 

manner, for the purpose of winning a mineral, including any prospecting in 

connection with the winning of such a mineral. 

 
5.2.1 Rehabilitation of surface 

 

According to the Minerals Act no. 50 (1991), section 38,  the rehabilitation of 

the surface of land concerned in any prospecting or mining shall be carried out 

by the holder of the prospecting permit or mining authorization concerned in 

accordance with the environmental management programme, as an integral 
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part of the prospecting or mining operations concerned, simultaneously with 

suc h operations. 

 

The legislation regarding the rehabilitation of surface at the termination of 

mining related was according to the Mining Rights Act 20 of 1967 (Repealed 

the Minerals Act no. 50 of 1991) non-existent.  

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 Mining areas in the Karoo Uranium Province. Clockwise from top 

left: Ryst Kuil ore crusher with ore stockpiles  and barrels in background. 

Rietkuil open pit with discarded empty barrels. DR-3 ore stockpiles  and barrels 

with Middelstevlei homestead in background. Mooifontein open pit. 

 

5.2.2 Removal of mine related structures and objects    

 

The Minerals Act no. 50 (1991) section 40, requires that whenever a 

prospecting permit or mining authorization which is held is suspended, 

cancelled, is  terminated or lapses , and the prospecting for or exploitation of 

any mineral which was authorized under such permit or authorization finally 

ceases, the person who was the holder of such permit or authorization 
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immediately prior to such suspension, cancellation, termination or lapsing, as 

the case may be, shall demolish all buildings, structures or any other thing 

which was erected or constructed in connection with prospecting or mining 

operations on the surface of the land concerned and shall remove all debris as 

well as any other object which the Director: Mineral Development concerned 

may require.  

 

Various mine related objects are scattered over the four mines including 

structures and mine related waste  dumps on Ryst Kuil as well as large 

quantities of ore stockpiles on all  four mines  (figure 5.1). The legislation 

regarding the removal of mine related structures and objects during the 

termination of mining related activities in the Karoo Uranium Province during 

1979 and 1980 was the Mining Rights Act no. 20 (1967).  

 

Mining Rights Act no. 20 (1967) section 33, subsection 3, states that with 

every mining lease granted, the last holder of the lease or any person entitled 

to the plant machinery or equipment on the area leased, shall when any such 

lease terminates or is for any other reason terminated, remove all plant, 

machinery and equipment, but shall not remove or destroy any material used 

for supporting underground workings or plant or material required to prevent 

damage to the mine or workings and no compensation shall be payable in 

respect thereof. 

 

5.3 Hazardous substances 

 

Hazardous substances can be divided, according to the Hazardous 

Substances Act 15 (1973), into Group I, Group II or Group III and Group IV 

hazardous substances. 

 

A Group IV hazardous substance is radioac tive material which is outside a 

nuclear installation and is not material which forms part of or is used or 

intended to be used in the nuclear fuel cycle.  
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Act 15 (1973) requires that no person shall produce or otherwise acquire, or 

dispose of, or import into the Republic or export from there, or be in 

possession of, or use, or convey or cause to be conveyed, any Group IV 

hazardous substance, except in terms of a written approval, which is  in 

accordance with  the prescribed conditions; and such further conditions as the 

Director-General may in each case determine. 

 

The Hazardous Substances Act 15 (1973) was already drafted during trial 

mining in the Karoo Uranium Province. It was therefore the responsibility of the 

Mining and Exploration Companies to adhere to Act 15 (1973) on termination 

of activities and/or to see to the adherence of farm owners to the act. 

 

5.4 Water 

 

According to the Water Act no. 36 (1998) section 19, subsection 1, land owner, 

a person in control of land or a person who occupies or uses the land on which 

any activity or process is or was performed or undertaken; or any other 

situation exists, which causes, has caused or is likely to cause pollution of a 

water resource, must take all reasonable measures to prevent any such 

pollution from occurring, continuing or recurring.  

 

In the case of Ryst Kuil, Rietkuil and DR-3 the current farm owners are in 

charge of the mines , whilst in the case of Mooifontein the fenced off area, 

which includes the open pit and ore stockpiles, belongs to a South African 

exploration company. 

 

The Water Act no. 36 (1998) section 19, subsection 1, implies that the owners 

of the featured mining areas are responsible for the remediation of their land, 

but subsection 3 says , should the farm owner fail to comply, or comply 

inadequately to remedy the pollution, a catchment management agency may 

take the measures it considers necessary to remedy the situation.  

 

This catchment management agency may recover all costs incurred as a result 

of it acting from the following persons: 
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  (a)  Any person who is or was responsible for, or who directly 

   or indirectly contributed to, the pollution or the potential 

   pollution;  

 
  (b)  The owner of the land at the time when the pollution or the 

   potential for pollution occurred, or that owner's successor- 

   in-title;  

 

  (c) Any person who negligently failed to prevent -  

 

   (i) The activity or the process being performed or  

    undertaken; or 

 

   (ii) The situation from coming about.  

 
The catchment management agency may in respect of the recovery of costs 

claim from any other person who, in the opinion of the catchment management 

agency, benefited from the measures which caused the pollution, to the extent 

of such benefit.  
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CHAPTER 6 

 

DISCUSSION 

 

6.1 Introduction 

 

Uranium trial mining in the Karoo Uranium Province and the accompanying 

lack of proper remediation led to above-background heavy metal concentration 

in streams, soils, sediment and crops  with localized values reaching 

concentrations above maximum allowed for human or faunal consumption.  

 

6.2 Heavy Metal Contamination  

 

The presence of uranium ore stockpiles on depicted mining sites is a source of 

downstream heavy metal contamination. The impact is however limited due to 

the lack of runoff and dry climate experienced in the study areas. A similar 

study performed by Rahn et al. (1996) on uranium mining in the Black Hills, 

USA, concluded that the effect of mine released contaminants to the 

environment is limited due to the dry climate. The Black Hills receive an annual 

precipitation of 400 to 600mm. Beaufort West receives  an annual precipitation 

of 250mm, Laingsburg an average of 142mm and Edenburg 467mm (South 

African Weather Service 1990, 2002 and 2003).  

 

An increase in precipitation in the Karoo Uranium Province, leading to a 

change in climate, may cause an increase in mine effluent causing detrimental 

effects on the environment. Studies performed on similar sites in wetter 

climates prove that the amount of effluent released from mine tailings, 

stockpiles and others is dependant on the climate. Murray et al. (1993), Akber 

et al. (1992) and Harries and Ritchie (1983) performed studies on 

environmental contamination as a result of leaching from uranium mines in 

northern Australia, where the mean annual precipitation is 1500mm Amaral et 

al. (1988) and Azevedo et al. (1987) performed studies on environmental 
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impact on leaching from uranium mines on the Pocos de Caldas plateau in 

Brazil where the annual precipitation is 1700mm. 

 

Heavy metal contamination may cause harmful effects to the top of the food 

chain through the process of biomagnifications. Through biomagnifications, the 

level of chemicals in any given organism increases through its intake of food. 

The heavy metal concentration of the prey is absorbed by the predator and 

accumulates. These processes may end up causing harmful effects to man 

(Kelly 1988). 

 

6.2.1 Ryst Kuil 

 

An estimated 2200t of uranium ore in stockpiles and barrels with grades 

reaching up to 0.35% U and 0.3% Mo is a source of localized pollution within 

the mining area and downstream of this site. 

 

The Ryst Kuil mining area shows signs of uranium contamination in soils, with 

values reaching double the normal concentration of 1 ppm (Alloway 1993). 

These concentrations  are found in the mining area (no. 5 on location map) and 

on the adjoining farm Kat Doorn Kuil, in the immediate vicinity of the mine (no. 

7 on location map). A value of 1.37 ppm U was analyzed in a cultivated field to 

the east of the mine (no. 8 on location map). This land was previously irrigated 

through pumping of water from an exploratory borehole in the Cameron Shaft 

(personal communication with the owner of Ryst Kuil). These values are 

however still within the acceptable concentrations of uranium in soils (US 

Department of Health 1999). 

 

Copper, molybdenum, lead and iron concentrations in water, soils and 

sediment are occasionally above background and above ideal (DWAF 1996 

and Alloway 1993), downstream (no. 10, 11, 13, 14 and 15 on location map) 

and in the immediate vicinity of the site (no. 4 and 9 on location map). These 

are presently of relatively small concern as they are within the acceptable 

concentrations of heavy metals in water, soils and sediment (SABS 1999 and 

US Department of Health 1999).  
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Above maximum allowed lead concentrations in crops of Old Man Saltbush 

may cause poisoning in humans through consumption of animals feeding on 

these crops (Act 54 of 1972) (Appendix C1).  

 

A matter of concern is the easy access gained into the abandoned Cameron 

Shaft, either through the main entrance (no. 2 on locality map) or via the trap 

door at the ventilator (no. 19 on locality map). Although no radon (222Rn) 

measurements  were taken for the current study, BEIR IV (1988) and 

Ragnarsdottir and Charlet (2000) state  that underground mining of uranium is 

associated with an increased risk of lung cancer. Miners are placed at risk by 

the combination of radon and inadequate ventilation. Numerous studies 

performed by BEIR IV (1988) of underground miners exposed to radon 

daughters in the air of mines have shown an increased rate of lung cancer in 

comparison with non-exposed populations. Laboratory animals exposed to 

radon daughters also developed lung cancer.  

 

6.2.2 Rietkuil 

 

The mine has an estimated 6100t of stockpiled uranium ore with a grade 

reaching 0.05%, whilst molybdenum concentrations are in the vicinity of 

0.35%. The stockpiles are a potential hazard for the local environment. Results 

show above-background values for groundwater to the east of the stockpiles 

(no. 9 and 10 on location map). These values are within the acceptable 

concentration of heavy metals in water (SABS 1999). 

 

A high concentration of uranium, molybdenum and arsenic is present within 

the surface water and sediment in the open pit (no. 1 on location map). The 

uranium concentration in the water is more than 1000 times the ideal value for 

human consumption (WHO 2003), 45 times higher than the recommended 

concentration for human consumption (DWAF 1996) and 9 times higher than 

the human consumption value above which there is a high cancer risk over the 

long term and a high risk of renal damage over the short term (livestock 

watering is not available from DWAF 1996). The molybdenum concentration is 

450 times the ideal value for livestock watering (human consumption is not 
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available from DWAF 1996 or WHO 2003) and the arsenic is 4 times higher 

than the ideal value for human consumption and within the limits of livestock 

watering (DWAF 1996).  

 

The sediment within the pit has an arsenic value 3 times higher than the 

normal concentrations in stream sediment and soil, whilst the molybdenum is 

300 times higher and the uranium 700 times higher (Alloway 1993). 

Contaminated sediments may pose an ecological risk to aquatic biota either 

through direct exposure or as a source of bioaccumulation of heavy metals 

through the food chain (Heiskary 1996).  

 

Lead, uranium and arsenic concentrations in soils downstream from the mine 

show (no. 4 and 5 on location map) an above-background concentration, but 

are still within the acceptable limits (US Department of Health 1999). Copper, 

molybdenum, lead and iron concentrations in water, soil and sediment are not 

above background downstream or in the immediate vicinity of the site.  

 

Lead and arsenic concentrations in lucerne crops may cause poisoning in 

humans through consumption of animals feeding on these crops (Appendix 

C2) (Act 54 of 1972). 

 

6.2.3 DR-3 

 

An estimated total of 112t of uranium ore in stockpiles  and barrels , with a 

grade in the vicinity of 0.35% uranium and 0.16% molybdenum, is located 

500m northwards of the Middelstevlei homestead. 

 

The effects of heavy metal pollution within the mining area and surrounds are 

scarce. Surface and groundwater concentrations are conclusive that any 

contamination is of low grade and only in the vicinity of the mine. Stream 

sediment concentrations (no. 7 on location map) downstream from the ore 

stockpiles show an above-normal uranium concentration of 1.59 ppm, this is 

however still within the normal values of contaminated soils and stream 

sediment (US Department of Health 1999).  
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Above maximum allowed arsenic and lead concentrations in onion crops may 

cause heavy metal poisoning in humans (Act 54 of 1972). Taking into account 

the maximum allowed human daily limit for heavy metal ingestion, the uranium 

and molybdenum values in onions are above normal and may cause poisoning 

if these are consumed on a daily basis (Appendix C3) (ATSDR 1999-2002, 

Opresko 1993 and WHO 1998). 

 

A sample of algae (no. 2 on location map) on soil, 10 metres from the adit 

entrance, shows high concentrations of arsenic (182 ppm), lead (75 ppm), 

molybdenum (53 ppm) and uranium (148 ppm) (US Department of Health 

1999).  

 

6.2.4 Mooifontein  

 

Uranium ore in stockpiles is  estimated at 60t with uranium reaching grades of 

up to 0.12%. The molybdenum concentrations are in the order of 0.01% whilst 

arsenic concentrations are 0.02%. 

 

A high concentration of uranium and arsenic in the surface water and sediment 

was obtained from the open pit (no. 2 on location map) on Mooifontein. The 

arsenic content in water is 1.5 times higher than the ideal level for human 

consumption (livestock watering is not available from DWAF 1996 or WHO 

2003). The uranium content of the water is almost 15 times higher than the 

ideal concentration for human consumption (WHO 2003) and within limits 

available from DWAF (1996).  

 

The uranium content in stream sediment is 14 times higher than the normal 

concentration (Alloway 1993). The stream sediment is a potential hazard as it 

is a growth medium for aquatic plants and bottom feeders. Due to the easy 

access to the water within the open pit, it is a regularly used for water 

consumption by domestic animals (personal communication by the owner 

Bultfontein) and other fauna. 
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Heavy metal concentrations in groundwater locations (no. 10, 11 and 12 on 

location map) are above background and above ideal (DWAF 1996). The high 

values, with the exception of those at the Mooifontein homestead, can be 

attributed to the close vicinity of the ore body. The values are however within 

the accepted concentration limits of heavy metals in water (SABS 1999). 

 

The uranium content of stream sediment downstream (no. 8 on location map) 

of the open pit is above normal, but still within allowed concentration levels 

(US Department of Health 1999). The stream sediment levels at the 

Mooifontein homestead (no. 5 on location map), further downstream are within 

ideal concentration limits (Alloway 1993).  
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CHAPTER 7 

 

CONCLUSIONS 

 

7.1 Introduction 

 

An assessment on the effects of uranium trial mining in the Karoo Uranium 

Province revealed the presence of anomalous heavy metal concentrations in 

water, sediment, soils and crops. These values are locally above maximum 

allowed for human and/or faunal consumption. The failure to properly 

remediate the trial mining areas through removing ore stockpiles, waste and 

mining structures as well as preventing entry into open pits and shafts leads to 

the existence of an environmental hazard.  

 

Trial mining areas in the Karoo Uranium Province and its influence on the 

environment are of a smaller scale than similar studies performed by workers 

such as Schneider et al. (2001) at Konigstein Uranium mine, East Germany 

and Harries et al. (1997) at Rum Jungle Uranium mine, northern Australia. The 

results obtained in the present investigation are however of a disturbing nature 

revealing previously underestimated and overlooked sources of localised 

pollution of hazardous substances. 

 

A more detailed study of the environmental impact of uranium ore stockpiles 

and the fate of mine effluent in the study areas is  necessary before any 

finalized conclusions can be made. It is however important to control the mine 

effluent as soon as possible due to above-background heavy metal 

concentrations in soil and sediment downstream from the stockpiles. 

 

The heavy metal content in the Rietkuil and Mooifontein open pits is of a 

serious nature and all possible action is necessary to avoid any exposure 

hereof to living organisms. The structures on Ryst Kuil are at present not an 

imminent hazard, whereas the easy access gained into the Cameron Shaft 

needs immediate attention.  
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7.2 Remedial suggestions 

 

Processing of ore grade metals introduces a variety of chemicals to streams 

including nitrogen compounds from blasting operations, colloidal suspended 

solids and many trace metals of non-ore grade (As, Cu, Fe, Pb). The basic 

problem with mining is the enormous volume of wastes. Disposal on land has 

been the historic procedure, but it is clear that in nearly all cases this results in 

acid mine drainage and heavy metal dispersal and contamination, whilst 

disposal into waterways injects the contaminants directly. However, under 

specific conditions subaqueous disposal greatly reduces acid mine drainage, 

but toxic metals are still released or recycled or other impacts occur on biota 

(Allan 1995). Remediation should include the following: 

 

A. Short term: 

 

i. Asses the extent of local and regional pollution. 

 

ii. Closure of entrance leading into Rietkuil open pit. 

 

iii. Repairing the fence surrounding the Mooifontein open pit and 

closing of fence entrance. 

 

iv. Locking the trap door leading into the Cameron Shaft on Ryst Kuil. 

 

v. Repairing and locking the gate which gives access into the Cameron 

Shaft. 

 

B. Long term: 

 

i. Control the major sources of contamination (stockpiles) through 

selling, burial, liming , covering or removal.  
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The open pits and shafts within the study areas may well be needed by future 

generations when techniques to extract lower grade ore are used or developed 

or when the economics change. Any remediation causing the infill of these pits 

and shafts may cause the prevention of future reopening. 

 

7.3 Further study  

 

The ore stockpiles on the mining sites are hazardous and have the potential to 

cause further heavy metal pollution on a larger scale downstream from the 

mining sites. The following are selected areas that need further research: 

 

7.3.1 Contamination of environment 

  

a. The influence of uranium ore in stockpiles on surrounding vegetation 

and microbial diversity, as described by Steyn (1949) and Schippers et 

al. (1995). 

 

b. The use of water and sediment as drinking or growth mediums in open 

pits on Rietkuil and Mooifontein and the influence thereof on living 

organisms. 

 

c. The heavy metal content of living organisms in selected trial mining 

areas and the influence of bioaccumulation and biomagnifications.  

 

d. Assessment of possible acid mine drainage.  

 

7.3.2 Radon measurements 

 

a. The measurement of radon (222Rn) concentrations in the Cameron Shaft 

on Ryst Kuil through similar methods as described by Ellis (1998) and 

its influence on fauna entering the shaft.  
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7.3.3 Wind dispersion 

  

a. The dispersion of heavy metals in air in a downwind direction from the 

uranium ore stockpiles with a similar method as described by Petterson 

and Koperski (1991). 

 

7.3.4 Remedial investigations 

 

a. The best possible remedial action to take regarding the presence of 

uranium ore in stockpiles, the open pits on Rietkuil and Mooifontein, the 

Cameron Shaft on Ryst Kuil and adit on DR-3. 

 

7.3.5 Geochemical mapping 

 

a. The drawing of detailed geochemical maps on a demarcated grid 

network depicting the heavy metal content in soils, flora, water and 

sediment. 
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APPENDIX A1 

 

1. Ore Quantity Calculations 

 

The amount of ore on surface in each of the four study areas was calculated in 

order to obtain an estimate of the quantity available for possible  environmental 

pollution. In the case of Ryst Kuil, DR-3 and Mooifontein the average volume 

of ore stockpiles was estimated in the field with a tape measure and 

mathematical equations for cones. The volume of ore on surface at Rietkuil 

was estimated as the amount excavated from the open pit. The position of ore 

in the pit was observed with a scintillation counter and the volume calculated 

with a tape measure. It is however possible that a fraction of ore has been 

removed from the surface of Rietkuil for metallurgical analysis.  

 

It must be taken into account that these calculations are merely estimations 

and were recorded with all the tools available to the author. A more accurate 

recording will involve a bigger operation and more sophisticated and larger 

machinery. 

 

In order to estimate the bulk ore mass available on the surface, the ore density 

was calculated. A representative sample of ore in stockpiles and barrels on 

Ryst Kuil, DR-3 and Mooifontein were taken for weight and volume 

measurements as well as density calculations. The density of in situ ore a t 

Rietkuil was calculated by measuring the weight and volume of a square cut 

ore block. More accurate density calculations are possible if larger amounts 

can be used for measurements of weight and volume. 

 

The following formula was used to obtain the bulk mass (tonnes) of ore on the 

surface of the four farms featuring in this study: 

 

 

Bulk mass (t)   =   density (g/cm3)   x   bulk volume (m3) 
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1.1 Density calculations for Ryst Kuil 

 

1.1.1 Ore stockpiles 

 

Table A1. Density calculations  for ore in stockpiles on Ryst Kuil  

 

 

Weight of sample 

(g) 

 

Vol. of sample  

(cm3) 

 

Density of sample  

(g/cm3) 

 

8400 

 

4680 

 

1.79 

 

 

1.1.2 Ore containing barrels 

 

Table A2. Density calculations  for ore in barrels on Ryst Kuil  

 

 

Weight of sample 

(g) 

 

Vol. of sample  

(cm3) 

 

Density of sample  

(g/cm3) 

 

8430 

 

4670 

 

1.80 

 

 

1.2 Density calculations for Rietkuil 

 

1.2.1 In situ ore 

 

Table A3. Density calculations  for in situ ore  on Rietkuil  

 

 

Weight of sample 

(g) 

 

Vol. of sample  

(cm3) 

 

Density of sample  

(g/cm3) 

 

1280 

 

485 

 

2.64 
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1.3 Density calculations for DR-3 

 

1.3.1 Ore stockpiles 

 

Table A4. Density calculations  for ore in stockpiles on DR-3  

 

 

Weight of sample 

(g) 

 

Vol. of sample  

(cm3) 

 

Density of sample  

(g/cm3) 

 

3817 

 

2703 

 

1.41 

 

 

1.3.2 Ore containing barrels 

 

Table A5. Density calculations  for ore in barrels on DR-3  

 

 

Weight of sample 

(g) 

 

Vol. of sample  

(cm3) 

 

Density of sample  

(g/cm3) 

 

3254 

 

2468 

 

1.31 

 

 

1.4 Density calculations for Mooifontein 

 

1.4.1 Ore stockpiles 

 

Table A6. Density calculations  for ore in stockpiles on Mooifontein  

 

 

Weight of sample 

(g) 

 

Vol. of sample  

(cm3) 

 

Density of sample  

(g/cm3) 

 

5272 

 

3408 

 

1.54 
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APPENDIX A2 

 

2. Sampling 

 

Sampling in general means to obtain a sample in a form and amount suitable 

for analysis, which is representative of the total material to be analysed. 

Representative in this respect means, that the sample has to show a maximum 

of similarity to the total entity to be studied (Wagner 1995). 

 

In the present study sampling was considered a very important contributor and 

all necessary steps were taken to ensure correct sampling, preparation and 

storage techniques. Sampling included the following: 

 

2.1 Water 

 

The movement of water and the diffusion of dissolved substances lead to 

different geochemical processes taking place in the Earth’s crust. To a great 

extent they are responsible for the redistribution of chemical elements in soil 

and further on to the biosphere. Anthropogenic activities lead to disposal of a 

large amount of wastes to water basins which slowly accumulates in the 

oceans. This is one of the reasons that make the determination of metals and 

toxic elements in water an important task in environmental pollution control.  

 

Sample preparation and storage for the present study including techniques as 

described by Djingova and Kuleff (2000) and Greenberg et al (1985) are as 

follows: 

 

a. Use of plastic water containers. 

b. Cleansing of sample bottles with Hydrochloric Acid (30% HCl) before 

sampling.  

c. Rinsing with sample medium before sampling. 

d. Filtering through ALBET low ash filter paper. 

e. Lowering pH to 2 with Nitric Acid (55% HNO3) after sampling. 

f. Storage at 4 °C after sampling. 
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2.2 Surface water 

 

Manual grab samples were taken at different sampling locations as described 

by Djingova and Kuleff (2000) 0.5m below the surface where possible. 

 

2.3 Groundwater 

 

Manual samples were taken in open boreholes (where possible) through 

means of a down the hole bailer. Only the top 1m of groundwater was 

sampled. 

 

2.4 Soil 

 

The processes of rock weathering lead to the formation of soils where 

additionally the climate, biological activity, relief etc. play very important roles. 

In the present study the following techniques were used in sampling, storage 

and treatment of soils  as described by Djingova and Kuleff (2000) and 

Boulding (1994): 

 

a. Stainless steel scoop used. 

b. Top 30cm sampled. 

c. Samples cooled to 4°C. 

d. Samples dried in laboratory at 110°C. 

e. Removal of stones roots and living organisms. 

 

2.5 Stream sediment 

 

Stream sediment samples were taken due to surface variations caused by 

seasonal stratification, rainfall, run-off, wind and lack of surface water. The 

following sample preparation methods as described by Djingova and Kuleff 

(2000) and Boulding (1994) were followed: 

 

a. Stainless steel scoop used. 

b. Top 30cm sampled. 
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c. Samples cooled to 4°C. 

d. Samples dried in laboratory at 110°C. 

e. Removal of stones roots and living organisms. 

 

2.6 Crops 

 

Plants are living organisms which, thanks to photosynthesis, are responsible 

for oxygen production. They are also an extremely important link in the food 

chain collecting from the soil, air and water and transmitting further to man and 

animals. The elemental composition of plants usually reflects the geochemical 

features of the area in which they grow.  Crop samples were taken where 

applicable as follows: 

 

a. Bulk sample taken of leaves, stems and roots where possible 

b. Samples cooled to 4°C. 

 

2.7 Ore  

 

2.7.1 Stockpiles 

 

Ore stockpiles  were randomly sampled by removing the top layer of rock and 

sampling qualitatively from the top to the bottom of the dump. This technique 

allows for the most representative sample possible to be taken. Equipment 

used included a stainless steel scoop.  

 

2.7.2 Barrels 

 

Barrels were randomly sampled and overturned in order to retrieve a sample 

representing all the rock within. Equipment used included a stainless steel 

scoop. 
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APPENDIX A3 

 

3. Analytical Techniques 

 

3.1 Ore, soils and stream sediment 

 

Whole rock geochemical analysis were processed on a PHILLIPS PW 1404 X-

ray spectrometer with the help of Prof W.A. van der Westhuizen, chairman of 

the Geology Department, University of the Free State. Major element analyses 

were executed on fused glass discs, using the technique of Norrish and Hutton 

(1969). Trace elements and Na were analysed for on pressed power 

briquettes. Loss at 110°C was determined and is reported as H2O-. Loss on 

ignition at 1000°C was determined and is reported as L.O.I. 

 

3.2 Water 

 

Water samples were analyzed at the Institute for Ground Water Studies at the 

University of the Free State by Inductively Coupled Plasma Optical Emission 

Spectroscopy. ICP-OES is used for qualitative and quantitative determination 

of metals and certain non-metals in solution. The liquid sample is nebulised 

into a plasma where the temperature is sufficiently high to break chemical 

bonds, liberate elements present and transform them into a gaseous atomic 

state. A number of the atoms pass into the excited state and emit radiation. 

The frequency of this radiation is characteristic of the element that emitted it 

and as such can be used for identification purposes. 

 

3.3 Crops 

 

All plant material was subjected to high temperature organic material removal. 

Thereafter 50mg of the sample was dissolved in HF/HNO3  at 260°C using high 

pressure microwave digestion. Samples were analysed in duplicate using ICP-

MS on 4 point calibration from 0 to 100ppb using an Elan6100 ICP-MS. 

 

 



 115

APPENDIX B1 

 

1. Water Quality Guidelines 

 

The Department of Water Affairs and Forestry is the custodian of South 

Africa's water resources. Part of its mission is to ensure that the quality of 

water resources remains fit for recognized water uses and that the viability of 

aquatic ecosystems are maintained and protected. The South African Water 

Quality Guidelines are technical documents aimed at users with a basic level 

of expertise concerning water quality management and is used for comparison. 

Although these Water Quality Guidelines are preliminary for use on surface 

water, the groundwater analytical results were also compared as groundwater 

guidelines are not available (DWAF 1996).  

 

The World Health Organization gives certain guidelines  for water quality as 

draft documents  (WHO 2003). These are presented with the guidelines of 

DWAF (1996). 

 

The water quality guidelines of DWAF (1996) are further divided into numerous 

sub divisions, the following guidelines being relevant for the present study: 

 

- Domestic use 

- Agricultural use (irrigation) 

- Agricultural use (livestock watering) 

- Aquatic ecosystems 

 

All guidelines feature the relevant ideal metal concentration in (mg/l). 

 

1.1 Domestic use 

 

Table B1. Recommended metal concentrations  (mg/l) for domestic use. 

Modified from DWAF (1996) and WHO (2003). 

 



 116

 Uranium 

 

Molybdenum  Arsenic Lead Copper Iron 

 

DWAF 

(1996) 

 

0.07 -

0.284 

 

N/A 

 

0 - 0.01 

 

0.01 

 

0 - 1 

 

0 - 0.1 

 

WHO 

(2003) 

 

0.009 

 

N/A 

 

0.01 

 

N/A 

 

2 

 

N/A 

 

N/A. Not available 

 

1.2 Agricultural use (irrigation) 

 

Table B2. Recommended metal concentrations  (mg/l) for agricultural use 

(irrigation). Modified from DWAF (1996). 

 

 Uranium 

 

Molybdenum  Arsenic Lead Copper Iron 

 

DWAF 

(1996) 

 

0 - 0.01 

 

0 - 0.01 

 

0 - 0.1 

 

0 - 0.2 

 

0 - 0.2 

 

0 - 5 

 

 

1.3 Agricultural use (livestock watering) 

 

Table B3. Recommended metal concentrations  (mg/l) for agricultural use 

(livestock watering). Modified from DWAF (1996). 

 

 Uranium 

 

Molybdenum  Arsenic Lead Copper Iron 

 

DWAF 

(1996) 

 

N/A 

 

0 - 0.01 

 

0 - 1 

 

0 - 0.1 (a) 

0 - 0.5 (b) 

 

0 - 0.5 (a) 

0 - 1 (b) 

0 - 5 (c) 

 

0 - 10 

 

Copper  

a. Sheep 
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b. Cattle 

c. Horses, pigs and poultry 

 

Lead 

a. All other livestock 

b. Pigs 

 

1.4 Aquatic ecosystems 

 

Table B 4. Recommended metal concentrations (mg/l) for aquatic ecosystems. 

Modified from DWAF (1996). 

 

 Uranium 

 

Molybdenum  Arsenic Lead Copper Iron 

 

DWAF 

(1996) 

 

N/A 

 

N/A 

 

0.01 

 

0.0002 

 

0.0003 

 

N/A 

 

N/A. Not available 
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APPENDIX B2 

 

2.1 Maximum Human Ingestion Levels 

 

In the following section the maximum levels from the Foodstuffs, Cosmetics 

and Disinfectants Act 54 (1972) as amended by Regulation no. 358 (1994) for 

inhalation and ingestion of heavy metals in South Africa are used where 

possible. These standards are used together with the Minimal Risk Levels for 

Heavy Metals in the USA as derived from The Agency for Toxic Substances 

and Disease Registry (US Department of Health 1999, 2000 and 2002), the 

lowest observable adverse effects levels (Opresko 1993 from www.antenna.nl/ 

wise/uranium/utox.html), figures obtained from The World Health Organization 

(1998) from www.antenna.nl/wise/uranium/utox.html and heavy metal toxic 

levels (Waldbott 1973). 

 

Table B5. Modified m inimal risk levels for heavy metal human ingestion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N/A Not available. 

(mg/day) Daily intake for 70kg body weight. 

 

 ATSDR 

(1999 - 2002) 

(mg/day) 

Act 54 

(1972) 

(ppm) 

Opresko 

(1993) 

 (mg/day) 

WHO 

(1998) 

(mg/day) 

Waldbott 

(1973) 

(mg/day) 

 

As 

 

0.35 

 

0.1 - 2.5 

 

N/A 

 

N/A 

 

N/A 

 

Cu 

 

1.4 

 

30 

 

N/A 

 

N/A 

 

N/A 

 

Fe 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

Pb 

 

N/A 

 

0.1 - 1 

 

N/A 

 

N/A 

 

0.1 - 0.3 

 

Mo 

 

N/A 

 

N/A 

 

0.35 

 

N/A 

 

N/A 

 

U 

 

0.14 

 

N/A 

 

N/A 

 

0.042 

 

N/A 
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APPENDIX B3 

 

3.1 Soil and stream sediment contamination 

 

Soil and stream sediments are key component ecosystems, both natural and 

agricultural, being essential for the growth of plants and the degradation and 

recycling of dead biomass (Alloway 1993).  

 

Table B6. Normal levels (mg/kg) of heavy metals in soil  

 

 Alloway 

(1993) 

(mg/kg) 

  

As 

 

1 - 40 

 

Cu 

 

30 

 

Pb 

 

42 

 

Mo 

 

2 

 

U 

 

1 

 

           

   



 120

APPENDIX C1 

 

ANALYTICAL RESULTS 

 

The geochemical data is reported in this appendix without any corrections for 

volatile content of the samples.  

 

1. Ryst Kuil 

 

1.1 Ore  

 

Table  C1.1 Major element concentrations (%) of Ryst Kuil ore sampled on 

different ore stockpiles. 

 

 RKE 1 

(no. 3 on map) 

(%) 

RKE 2 

(no.  3 on map) 

(%) 

RKE 3 

(no. 3 on map) 

(%) 

RKE 4 

(no. 3 on map) 

(%) 

SiO2 65.51 63.03 62.38 48.37 

TiO2 0.59 0.58 0.54 0.55 

Al2O3 13.98 13.14 12.89 10.35 

Fe2O3 3.49 3.57 3.84 3.70 

MnO 0.19 0.34 0.37 0.85 

MgO 1.03 0.95 0.88 0.58 

CaO 3.79 5.36 6.03 14.35 

Na2O 3.47 3.26 3.22 2.08 

K2O 1.97 1.66 1.77 1.60 

P2O5 0.17 0.16 0.17 0.39 

H2O- 0.25 0.45 0.38 0.46 

LOI 3.68 4.66 4.51 12.45 

TOT 98.14 97.16 96.96 95.71 

 

 

Table  C1.2 Minor element concentrations (ppm) of Ryst Kuil ore. 

 
 RKE 1 

(no. 3 on map) 

RKE 2 

(no.  3 on map) 

RKE 3 

(no. 3 on map) 

RKE 4 

(no. 3 on map) 
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(ppm) (ppm ) (ppm ) (ppm ) 

Rb 80.9  66.7 78.8 123.9 

Ba 627.3 484.4 493.2 369.1 

Sr 288.1 246.8 280.2 365.6 

Zr 265.3 262.6 247.6 324.5 

Nb 24.8  22.5 27.9 79.8 

Ni 34.6  22.3 25.8 49.6 

Zn 73.6  67.7 67.7 92.9 

Cr 52.5  60.6 67.5 47.1 

Cu 15.7  27.4 20.5 13.3 

V 107.5 109.9 103.4 84.3 

Y 25.8  22.8 22.6 20.9 

Sc 11.7  15.1 14.8 15.1 

Co 30.5  22.8 26.3 17.1 

As 348.61 259.26 377.55 358.69 

Pb 40.66 43.61 45.07 95.05 

Mo 991.70 977.24 1155.21 2919.31 

U 633.95 525.19 740.36 3763.08 

 

 

1.2 Soil 

 

Table C 1.3 Major element concentrations (%) of Ryst Kuil soil samples. 

 

 RKG 1 

(no. 4 on 

map) 

(%) 

RKG 2 

(no.  5 on 

map) 

(%) 

RKG 3 

(no.  6 on 

map) 

(%) 

RKG 4 

(no. 7 on 

map) 

(%) 

RKG 5 

(no. 8 on 

map) 

(%) 

RKG 6 

(background) 

 

(%) 

SiO2 68.12 63.84 68.32 69.93 65.49 68.90 

TiO2 0.66 0.57 0.57 0.67 0.62 0.64 

Al2O3 14.13 16.09 14.13 13.81 15.19 13.98 

Fe2O3 5.24 5.65 5.24 4.54 5.25 5.39 

MnO 0.06 0.08 0.08 0.07 0.07 0.08 

MgO 1.36 1.62 1.36 1.28 1.71 1.30 

CaO 0.66 0.80 0.64 0.69 0.94 0.56 

Na2O 1.09 0.66 0.87 1.48 1.00 1.13 

K2O 3.12 3.68 2.77 2.91 3.39 2.85 

P2O5 0.11 0.20 0.13 0.08 0.14 0.11 
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H2O- 0.94 1.84 1.59 0.73 1.21 1.12 

LOI 3.15 4.04 3.31 2.81 4.07 3.63 

TOT 98.65 99.08 99.01 98.99 99.08 99.96 

 

 

Table C1.4 Minor element c oncentrations (ppm) of Ryst Kuil soil samples. 

 

 RKG 1 

(no. 4 on 

map) 

(ppm ) 

RKG 2 

(no.  5 on 

map) 

(ppm) 

RKG 3 

(no.  6 on 

map) 

(ppm) 

RKG 4 

(no. 7 on 

map) 

(ppm) 

RKG 5 

(no. 8 on 

map) 

(ppm ) 

RKG 6 

(background) 

 

(ppm) 

Rb 151.1 166.4 132.8  137.8 156.1 133.9  

Ba 1467.2 997.1 1268.9 590.2 1003.0 713.6  

Sr 98.5 97.4 91.6 103.8 163.6 92.1 

Zr 234.4 207.4 231.5  281.7 203.6 239.2  

Nb 12.0 10.1 10.2 12.6 11.0 11.8 

Ni 24.1 26.6 25.3 23.3 25.7 25.3 

Zn 78.8 92.2 77.3 75.1 88.7 79.4 

Cr 73.8 94.1 74.8 70.9 73.5 75.6 

Cu 21.7 20.0 19.4 19.6 25.8 21.5 

V 110.5 123.3 118.3  92.4 110.3 107.8  

Y 32.3 31.4 28.5 31.8 33.7 31.6 

Sc 14.8 16.0 13.8 9.5 14.1 12.0 

Co 23.1 28.7 24.1 20.8 25.6 28.8 

As 11.28 11.89 12.44 10.21 10.65 13.13 

Pb 32.53 32.91 33.35 32.93 28.66 30.30 

Mo <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 

U 0.13 2.27 <1.0 2.0 1.34 0.1 

 

1.3 Crops and plants 

 

Table C1.5 Minor element concentrations (ppm) of Ryst Kuil crop sample. 

 

 RKP 

(no. 16 on 

map) 

(ppm) 

Fe 1536.98 
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Cu 18.49 

As 0.58 

Mo 8.23 

Pb 1.97 

U 0.18 

 

 

1.4 Stream sediment 

 

Table C1.6 Major element concentrations (%) of Ryst Kuil stream sediment 

samples 

 

 RKSS 1 

(no. 14 on 

map) 

(%) 

RKSS 2 

(no. 15 on 

map) 

(%) 

RKSS 3  

(background) 

 

(%) 

SiO2 60.23 59.31 64.84 

TiO2 0.55 0.52 0.62 

Al2O3 16.04 15.58 15.44 

Fe2O 3 6.25 5.56 5.49 

MnO 0.08 0.09 0.09 

MgO 1.91 2.12 1.43 

CaO 1.25 2.20 0.87 

Na2O 0.57 0.59 0.83 

K2O 3.61 3.51 3.13 

P2O5 0.14 0.15 0.10 

H2O- 2.13 2.14 1.80 

LOI 5.72 6.56 4.28 

TOT 98.48 98.35 98.91 

 

 

Table C1.7 Minor element concentrations (ppm) of Ryst Kuil stream sediment 

samples 

 

 RKSS 1 

(no. 14 on 

map) 

RKSS 2 

(no. 15 on 

map) 

RKSS 3  

(background) 
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(ppm) (ppm) (ppm ) 

Rb 174.2 165.8  149.4 

Ba 1132.3 1401.6 721.3 

Sr 149.9 220.4  189.0 

Zr 176.1 159.5  192.5 

Nb 10.1 9.6 9.4 

Ni 26.6 26.9 26.0 

Zn 99.1 97.0 88.3 

Cr 98.3 85.6 83.8 

Cu 26.1 24.7 23.6 

V 131.3 116.0  123.9 

Y 30.2 31.3 30.7 

Sc 14.8 21.3 18.2 

Co 29.5 27.0 29.0 

As 13.02 12.40 11.92 

Pb 37.47 33.79 36.34 

Mo <2.0 <2.0 <2.0 

U <1.0 0.77 0.1 

 

 

1.5 Surface Water  

 

Table C 1.8 Surface water concentrations (mg/l) taken at Ryst Kuil uranium 

mine. 

 
 RKOW 1 

(no. 14 on 

map) 

(mg/l) 

Arsenic <0.010 

Copper 0.012 

Iron 0.220 

Molybdenum 0.003 

Lead <0.010 

Uranium  <0.050 
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1.6 Groundwater         

          

Table C 1.9 Ground water concentrations (mg/l) taken at Ryst Kuil uranium 

mine. 

 

 RKGW  1 

(mg/l) 

(no. 9 on 

map) 

RKGW 2 

(mg/l) 

(no. 10 

on map) 

RKGW  3 

(mg/l) 

(no. 11 

on map) 

RKGW  4 

(mg/l) 

(no. 12 

on map) 

RKGW  5 

(mg/l) 

(Background 

value) 

RKGW  6 

(mg/l) 

(no. 13 

on map) 

Arsenic <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 

Copper 0.017 0.019 0.027 0.019 0.017 0.021 

Iron 0.044 0.098 0.160 0.039 0.117 0.073 

Molybdenum  0.018 0.017 0.019 0.011 0.011 0.023 

Lead <0.010 <0.010 <0.010 <0.010 0.011 0.011 

Uranium  <0.050 <0.0 50 <0.0 50 <0.050 <0.050 <0.0 50 
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APPENDIX C2 

 

2. Rietkuil   

            

2.1 Ore 

 

Table  C2.1 Major element concentrations (%) of Rietkuil ore. 

 
 RE 1 

(no. 2 on map) 

(%) 

RE 2 

(no. 2 on map) 

(%) 

SiO2 66.65 71.49 

TiO 2 0.50 0.53 

Al2O3 13.51 13.55 

Fe2O3 3.05 3.27 

MnO 0.16 0.10 

MgO 0.88 0.88 

CaO 4.23 2.03 

Na2O 2.43 2.68 

K2O 1.64 1.73 

P2O5 0.19 0.12 

H2O- 1.08 0.77 

LOI 4.48 3.34 

TOT 98.80 100.50 

 

 

Table  C2.2 Minor element concentrations (ppm) of Rietkuil ore. 

 

 RE 1 

(no.  2 on map) 

(ppml) 

RE 2 

(no.  2 on map) 

(ppm) 

Rb 69.2 66.2 

Ba 483.6 736.5 

Sr 204.9 195.5 

Zr 260.8 277.9 

Nb 25.4 16.0 

Ni 22.3 18.0 
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Zn 54.1 56.5 

Cr 41.1 41.9 

Cu 16.2 18.3 

V 85.0 87.1 

Y 21.0 25.9 

Sc 10.4 11.1 

Co 15.8 24.5 

As 357.70 237.58 

Pb 57.28 65.16 

Mo 3504.36 958.99 

U 419.69 272.59 

 

 

2.2 Soil 

 

Table C2.3 Major element concentrations (%) of Rietkuil soil samples. 

 

 RG 1 

(background) 

 

(%) 

RG 2 

(no. 3 on 

map) 

(%) 

RG 3 

(no. 4 on 

map) 

(%) 

RG 4 

(no.  5 on 

map) 

(%) 

RG 5 

(no.  6 on 

map) 

(%) 

RG 6 

(no. 7 on 

map) 

(%) 

SiO2 76.61 67.75 72.23 76.25 75.77 73.91 

TiO2 0.57 0.50 0.54 0.53 0.51 0.53 

Al2O3 12.32 12.01 13.53 12.15 12.32 12.90 

Fe2O3 3.35 3.33 3.81 3.03 3.10 3.55 

MnO 0.06 0.05 0.05 0.04 0.06 0.04 

MgO 0.84 1.13 0.98 0.69 0.68 0.85 

CaO 0.58 2.29 0.71 0.62 0.46 0.52 

Na2O 2.26 1.52 1.75 2.52 2.33 1.92 

K2O 1.76 2.14 2.37 1.66 1.76 2.11 

P2O5 0.06 0.12 0.10 0.07 0.06 0.07 

H2O- 0.25 0.97 1.56 0.76 0.90 1.17 

LOI 1.95 5.54 2.36 2.20 1.95 2.18 

TOT 100.61 97.35 99.98 100.52 99.91 99.76 
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Table C2.4 Minor element concentrations (ppm) of Rietkuil Soil samples. 

 

 RG 1 

(background) 

 

(ppm) 

RG 2 

(no. 3 on 

map) 

(ppm) 

RG 3 

(no. 4 on 

map) 

(ppm ) 

RG 4 

(no.  5 on 

map) 

(ppm) 

RG 5 

(no.  6 on 

map) 

(ppm) 

RG 6 

(no. 7 on 

map) 

(ppm) 

Rb 75.3 92.1 100.2 67.3 74.3 91.3 

Ba 629.9 588.5 704.1 520.4 433.9  610.3 

Sr 130.9 316.8 130.6 141.7 133.1  136.3 

Zr 307.3 201.8 277.8 420.8 302.1  283.2 

Nb 8.4 8.1 9.1 8.7 8.4 9.1 

Ni 14.2 15.0 17.6 13.7 16.2 16.2 

Zn 50.5 59.7 58.0 44.3 48.1 53.6 

Cr 55.1 46.6 59.5 52.2 46.4 54.1 

Cu 15.9 13.9 14.7 11.3 11.5 14.4 

V 87.1 81.0 84.6 74.8 82.3 82.6 

Y 21.1 23.1 25.3 22.3 22.2 23.4 

Sc 12.0 7.6 10.1 7.0 8.0 7.3 

Co 16.5 13.8 20.4 14.4 16.0 17.1 

As 8.38 8.75 9.76 8.42 7.78 9.19 

Pb 24.77 22.76 25.90 25.56 24.29 27.24 

Mo <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 

U 0.1 <0.1 0.56 <0.1 <0.1 <0.1 

            

2.3 Crops and plants 

 

Table C2.5 Minor element concentrations (ppm) of Rietkuil Plant sample 

 

 RP 1 

(no.  3 on 

map) 

(ppm) 

Fe 17011.99 

Cu 61.81 

As 4.19 

Mo 18.93 

Pb 46.89 

U 2.04 
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2.4 Stream sediment 

 

Table C2.6 Major element concentrations (%) of Rietkuil stream sediment 

samples 

 

 R PIT 

(no.  1 

on 

map) 

(%) 

RSS 1 

(no.  11 on 

map) 

 

(%) 

RSS 2 

(no.  13 

on map) 

 

(%) 

RSS 3 

(back-

ground) 

 

(%) 

RSS 4 

(no.  14 

on map) 

 

(%) 

RSS 5 

(no. 3 on 

map) 

 

(%) 

RSS 6 

(no.  15 on 

map) 

 

(%) 

SiO2 64.26 70.22 67.32 68.31 73.65 69.91 67.09 

TiO2 0.43 0.54 0.60 0.61 0.47 0.49 0.68 

Al2O3 11.17 13.16 14.47 14.14 12.17 11.66 16.11 

Fe2O3 2.45 4.02 4.78 4.78 3.15 3.53 5.14 

MnO 0.09 0.07 0.05 0.08 0.05 0.06 0.08 

MgO 1.13 1.09 1.37 1.46 0.66 1.14 1.60 

CaO 6.09 0.83 0.74 0.84 0.60 2.43 0.98 

Na2O 2.34 1.34 1.40 1.70 2.59 1.64 1.52 

K2O 1.45 2.54 3.41 2.99 1.70 2.14 3.51 

P2O5 0.10 0.09 0.10 0.12 0.10 0.15 0.13 

H2O- 1.36 1.47 1.16 0.55 2.06 1.20 0.56 

LOI 7.64 3.00 2.87 2.67 1.94 4.08 2.94 

TOT 98.52 98.36 98.27 98.26 99.13 98.43 100.34 

 

 

Table C2.7 Minor element concentrations (ppm) of Rietkuil stream sediment 

samples 

 
 R PITSS 

(no.  1 on 

map) 

(ppm) 

RSS 1 

(no. 11 

on map) 

(ppm) 

RSS 2 

(no.  13 

on map) 

(ppm) 

RSS 3 

(back- 

map) 

(ppm) 

RSS 4 

(no.  14 

on map) 

(ppm) 

RSS 5 

(no. 3 on 

map) 

(ppm) 

RSS 6 

(no.  15 on 

map) 

(ppm) 

Rb 68.0 110.8 153.3  134.6 66.6 92.5 151.3 

Ba 487.5  785.6 684.1  762.2 576.5  690.2 624.1 

Sr 291.4  123.3 105.3  138.9 119.3  299.9 123.4 

Zr 208.2  236.8 214.3  219.0 250.7  193.0 212.0 

Nb 22.3 11.1 13.4 13.7 7.3 9.5 12.8 
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Ni 21.0 18.2 21.1 22.5 14.2 17.4 22.5 

Zn 63.4 67.0 81.6 79.2 49.0 60.9 83.8 

Cr 37.4 60.1 63.2 61.1 48.5 51.2 51.2 

Cu 25.0 16.9 15.1 21.2 10.4 16.2 18.3 

V 67.4 95.8 106 .7 98.6 83.9 83.3 97.5 

Y 17.9 27.7 32.9 33.3 19.7 24.3 34.3 

Sc 15.4 11.4 12.0 8.3 6.4 12.3 12.0 

Co 13.3 20.3 22.0 25.3 17.5 15.2 23.2 

As 125.63 8.73 9.87 12.05 8.53 9.82 11.55 

Pb 29.65 27.36 29.44 34.10 23.83 25.28 28.88 

Mo 684.43 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 

U 786.52 <1.0 <1.0 0.39 <1.0 <1.0 0.19 

 

 

2.5 Surface Water  

 

Table C2.8 Surface water concentrations (mg/l) taken at Rietkuil uranium 

mine. 

 

 ROW 1 

(mg/l) 

(no. 11 on 

map) 

ROW 2 

(mg/l) 

(no.  12 on 

map) 

ROW 3 

(mg/l) 

 

(Background) 

ROW 4 

(mg/l) 

(no. 14 on 

map) 

R PIT 

(mg/l) 

(no.  1 on 

map) 

Arsenic  <0.010 <0.010 <0.010 <0.010 0.044 

Copper 0.035 0.023 0.046 0.014 0.014 

Iron 0.450 0.622 1.165 0.307 0.022 

Molybdenum 0.002 0.001 0.001 0.002 4.519 

Lead 0.010 0.016 0.022 <0.010 0.011 

Uranium  <0.050 <0.050 <0.050 <0.050 12.893 

 

 

2.6 Groundwater  

 

Table C2.9 Ground water concentrations (mg/l) taken at Rietkuil uranium mine. 

 

 RGW 1 

(mg/l) 

RGW 2 

(mg/l) 

RGW 3 

(mg/l) 

RGW 4 

(mg/l) 
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(no. 8 on 

map) 

 

(Background) 

(no.  9 on 

map) 

(no. 10 on 

map) 

Arsenic  <0.010 <0.010 <0.010 <0.010 

Copper 0.016 0.017 0.012 0.018 

Iron 0.077 0.043 0.281 0.250 

Molybdenum 0.009 0.008 0.004 0.009 

Lead <0.010 <0.010 0.012 <0.010 

Uranium  <0.050 <0.050 <0.050 <0.050 
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APPENDIX C3 

 

3. DR-3 

 

3.1 Ore 

 

Table  C3.1 Major element concentrations (%) of DR-3 ore. 

 
 DE 1 

(no.  3 on 

map) 

(%) 

DE 2 

(no.  3 on 

map) 

(%) 

SiO2 74.20 68.30 

TiO2 0.50 0.50 

Al2O3 14.05 13.37 

Fe2O 3 3.05 3.58 

MnO 0.08 0.14 

MgO 0.84 0.96 

CaO 1.06 3.35 

Na2O 2.80 2.45 

K2O 2.05 2.23 

P2O5 0.19 0.28 

H2O- 0.67 0.60 

LOI 1.97 3.68 

TOT 101.44 99.44 

 

 

Table  C3.2 Minor element concentrations (ppm) of DR-3 ore. 

 

 DE 1 

(no.  3 on 

map) 

(ppm) 

DE 2 

(no.  3 on 

map) 

(ppm) 

Rb 88.7 133.2  

Ba 485.0 917.2  

Sr 250.5 301.9  

Zr 227.9 226.8  
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Nb 27.3 60.8 

Ni 16.6 34.1 

Zn 56.4 76.1 

Cr 43.2 43.2 

Cu 7.6 16.2 

V 77.6 82.4 

Y 18.9 26.8 

Sc 9.5 11.7 

Co 18.1 31.3 

As 205.5 177.87 

Pb 68.19 91.66 

Mo 1586.11 1073.83 

U 885.02 2889.98 

 

 

3.2 Soil 

 

Table C3.3 Major element concentrations (%) of DR-3 soil sample 

 
 DG 1 

(no.  6 on 

map) 

(%) 

SiO2 70.73 

TiO2 0.60 

Al2O3 14.49 

Fe2O 3 4.34 

MnO 0.04 

MgO 1.50 

CaO 0.96 

Na2O 1.45 

K2O 3.22 

P2O5 0.12 

H2O- 0.44 

LOI 2.97 

TOT 100.85 
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Table C3.4 Minor element concentrations (ppm) of DR-3 soil sample  

 

 DG 1 

(no.  6 on 

map) 

(ppm) 

Rb 138.0 

Ba 669.2 

Sr 190.9 

Zr 218.3 

Nb 11.5 

Ni 19.1 

Zn 74.7 

Cr 55.8 

Cu 17.2 

V 91.4 

Y 30.7 

Sc 12.9 

Co 19.6 

As 10.26 

Pb 27.29 

Mo <2.0 

U <1.0 

 

 

3.3 Crops and plants 

 

Table C3.5 Major element concentrations (%) of DR-3 plant and crop samples  

 

  DP 1 

(no. 2 on 

map) 

(%) 

 DP 2 

(no. 6 on 

map) 

(%) 

SiO2 66.22 N/a 
TiO2 0.63 N/a 
Al2O3 15.93 N/a 
Fe2O 3 4.60 N/a 
MnO 0.10 N/a 
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MgO 1.41 N/a 
CaO 0.95 N/a 
Na2O 1.54 N/a 
K2O 2.77 N/a 
P2O5 0.19 N/a 
H2O- 0.84 N/a 
LOI 4.99 N/a 
TOT 100.17 N/a 

 

N/a Not available 

 

 

Table C3.6 Minor element concentrations (ppm) of DR-3 plant samples  

 

  DP 1 

(no.  2 on 

map) 

(ppm) 

 DP 2 

(no.  6 on 

map) 

(ppm) 

Rb 115.1 N/a 

Ba 839.5 N/a 
Sr 173.8 N/a 
Zr 221.5 N/a 
Nb 13.9 N/a 
Ni 29.6 N/a 
Zn 92.2 N/a 
Cr 94.1 N/a 
Cu 20.0 20.74 
V 123.3 N/a 
Y 31.4 N/a 

Sc 16.0 N/a 
Co 28.7 N/a 
As 182.08 9.61 

Pb 75.91 17.34 

Mo 53.96 4.36 

U 148.21 3.59 

 

N/a Not available 
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3.4 Stream sediment 

 

Table C3.7 Major element concentrations (%) of DR-3  stream sediment 

samples 

 

 DSS 1 

(no.  7 on 

map) 

(%) 

DSS 2 

(background) 

 

(%) 

DSS 3 

(background) 

 

(%) 

DSS 4 

(no. 8 on 

map) 

(%) 

DSS 5 

(no.  9 on 

map) 

(%) 

SiO2 69.01 68.66 70.00 69.82 68.46 

TiO2 0.61 0.63 0.64 0.62 0.66 

Al2O3 14.98 15.26 15.17 15.14 15.77 

Fe2O 3 4.67 4.80 4.96 4.90 5.02 

MnO 0.06 0.05 0.08 0.09 0.07 

MgO 1.51 1.52 1.63 1.56 1.84 

CaO 1.04 1.03 1.02 1.00 1.04 

Na2O 1.38 1.38 1.49 1.50 1.45 

K2O 3.38 3.39 3.41 3.36 3.77 

P2O5 0.11 0.12 0.14 0.14 0.13 

H2O- 1.09 0.49 0.49 0.41 0.48 

LOI 3.00 2.89 2.67 2.65 2.85 

TOT 100.83 100.23 101.70 101.19 101.54 

 

 

 

Table C3.8 Minor element concentrations (ppm) of DR-3 stream sediment 

samples 

 

 DSS 1 

(no.  7 on 

map) 

(ppm) 

DSS 2 

(background) 

 

(ppm) 

DSS 3 

(background) 

 

(ppm) 

DSS 4 

(no. 8 on 

map) 

(ppm ) 

DSS 5 

(no.  9 on 

map) 

(ppm ) 

Rb 149.0 149.0 148.4 146.8 168.4 

Ba 729.6 701.4 728.2 733.0 661.5 

Sr 160.9 156.7 165.5 169.5 142.5 

Zr 209.7 216.8 213.1 219.5 203.1 

Nb 12.4 12.5 13.0 12.7 13.5 
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Ni 20.1 20.6 20.4 21.8 22.4 

Zn 76.3 81.2 80.5 79.2 83.7 

Cr 53.8 63.8 58.5 56.7 58.7 

Cu 16.4 18.6 18.5 20.1 19.8 

V 98.7 101.1 98.2 93.7 101.0 

Y 32.1 34.1 34.9 34.4 35.5 

Sc 9.5 8.9 14.1 13.8 15.1 

Co 24.0 23.5 26.0 25.6 22.9 

As 12.42 9.65 11.80 11.07 10.87 

Pb 28.66 26.67 32.16 29.42 26.49 

Mo <2.0 <2.0 <2.0 <2.0 <2.0 

U 1.59 <1.0 <1.0 <1.0 <1.0 

 

 

3.5 Surface Water  

 

Table C3.9 Surface water concentrations (mg/l) taken at DR-3 uranium mine. 

 

 DOW 1 

(no. 10 on 

map) 

(mg/l) 

Arsenic  <0.010 

Copper 0.015 

Iron 0.040 

Molybdenum 0.004 

Lead <0.010 

Uranium  <0.050 

 

 

3.6 Groundwater  

 

Table C3.10 Ground water concentrations (mg/l) taken at DR-3 uranium mine. 

 

 DGW 1 

(no. 1 on 

map) 

DGW 2 

(Background) 

 

DGW 3 

(no.  4 on 

map) 

DGW 4 

(no. 5 on 

map) 
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(mg/l) (mg/l) (mg/l) (mg/l) 

Arsenic  <0.010 <0.010 <0.010 <0.010 

Copper 0.011 0.019 0.026 0.017 

Iron 0.128 0.164 0.033 0.145 

Molybdenum 0.004 0.008 0.005 0.003 

Lead <0.010 <0.010 <0.010 <0.010 

Uranium  <0.050 <0.050 <0.050 <0.050 
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APPENDIX C4 

 

4. Mooifontein 

 

4.1 Ore 

 

Table  C4.1 Major element concentrations (%) of Mooifontein ore. 

 
 ME 1 

(no.  2 on 

map) 

(%) 

ME 2 

(no.  2 on 

map) 

(%) 

SiO2 70.95 69.44 

TiO2 0.62 0.52 

Al2O3 14.11 13.01 

Fe2O 3 3.64 3.51 

MnO 0.09 0.19 

MgO 1.56 1.04 

CaO 1.82 5.05 

Na2O 1.59 1.57 

K2O 2.63 2.36 

P2O5 0.17 0.16 

H2O- 0.91 0.70 

LOI 3.19 5.40 

TOT 101.29 102.94 

 

 

Table  C4.2 Minor element concentrations (ppm) of Mooifontein ore. 

 

 ME 1 

(no.  2 on 

map) 

(ppm) 

ME 2 

(no.  2 on 

map) 

(ppm) 

Rb 115.5 106.4  

Ba 1614.7 1279.1 

Sr 276.8 298.0  

Zr 218.1 187.9  
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Nb 25.9 30.9 

Ni 20.4 22.0 

Zn 72.2 65.6 

Cr 46.6 54.3 

Cu 11.7 15.5 

V 98.7 119.5  

Y 24.4 23.7 

Sc 8.0 10.4 

Co 21.0 11.8 

As 38.45 58.07 

Pb 53.86 60.68 

Mo 76.56 88.55 

U 810.28 1174.82 

 

 

4.2 Soil 

 

Table C4.3 Major element concentrations (%) of Mooifontein soil samples 

 
 MG 1 

 (no. 9 on 

map) 

(%) 

MG 2 

(Background) 

 

(%) 

SiO2 65.65 67.52 

TiO2 0.67 1.01 

Al2O3 13.22 14.80 

Fe2O 3 4.79 6.21 

MnO 0.11 0.11 

MgO 3.16 2.35 

CaO 4.64 3.76 

Na2O 1.76 1.42 

K2O 2.18 2.12 

P2O5 0.07 0.08 

H2O- 0.08 0.15 

LOI 6.47 2.79 

TOT 102.81 102.32 
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Table  C4.4 Minor element concentrations (ppm) of Mooifontein soil samples. 

 

 MG 1 

(no.  9 on 

map) 

(ppm) 

MG 2 

(Background) 

 

(ppm) 

Rb 88.9 74.0 

Ba 7.7.8 556.8 

Sr 333.5 199.6 

Zr 187.7 276.4 

Nb 9.0 13.0 

Ni 26.2 39.1 

Zn 65.2 59.7 

Cr 115.0 199.1 

Cu 25.0 36.0 

V 112.5 161.0 

Y 24.8 20.5 

Sc 18.5 22.2 

Co 24.6 28.6 

As 9.94 3.97 

Pb 25.70 20.16 

Mo <2.0 <2.0 

U <1.0 <1.0 

 

 

4.3 Stream sediment 

 

Table C4.5 Major element concentrations (%) of Mooifontein stream sediment 

samples 

 

 MPIT SS 

(no. 2  

on map) 

 

(%) 

MSS 1 

(no. 3 

on 

map) 

(%) 

MSS 2 

(no. 4 

on 

map) 

(%) 

MSS 3 

(no. 5 

on 

map) 

(%) 

MSS 4 

(no. 6 

on 

map) 

(%) 

MSS 5 

(no. 7 

on 

map) 

(%) 

MSS 6 

(no. 8 

on 

map) 

(%) 

MSS 7 

(Back –  

ground) 

 

(%) 

SiO2 63.81 55.27 65.27 67.32 63.44 66.03 62.86 68.39 

TiO2 0.60 0.51 0.62 0.68 0.68 0.58 0.73 0.73 

Al2O3 12.12 10.94 12.02 12.41 13.13 12.29 14.07 15.25 
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Fe2O3 4.17 3.83 4.04 4.54 5.03 3.92 6.18 4.99 

MnO 0.11 0.07 0.08 0.09 0.14 0.10 0.21 0.07 

MgO 1.81 2.26 1.94 2.22 2.34 2.73 2.71 1.19 

CaO 5.75 11.96 5.08 4.75 5.50 4.72 5.03 1.04 

Na2O 1.17 0.85 1.21 1.39 1.13 0.99 1.10 0.96 

K2O 2.26 1.73 1.96 2.30 2.29 2.09 2.33 2.62 

P2O5 0.08 0.02 0.06 0.10 0.11 0.05 0.09 0.12 

H2O- 0.85 1.16 1.29 0.51 0.39 0.52 0.69 0.71 

LOI 6.89 12.72 7.64 5.37 8.19 7.78 5.65 5.14 

TOT 99.60 101.34 101.21 101.67 102.37 101.89 101.65 101.21 

 

 

Table C4.6 Minor element concentrations (ppm) of Mooifontein stream 

sediment samples 

 

 

 MPIT SS 

(no. 2  

on map) 

 

(ppm) 

MSS 1 

(no. 3 

on 

map) 

(ppm) 

MSS 2 

(no.  4 

on 

map) 

(ppm ) 

MSS 3 

(no. 5 

on 

map) 

(ppm) 

MSS 4 

(no.  6 

on 

map) 

(ppm ) 

MSS 5 

(no. 7 

on 

map) 

(ppm) 

MSS 6  

(no. 8 

on 

map) 

(ppm) 

MSS 7 

(Back –  

ground) 

 

(ppm ) 

Rb 86.0 70.5 77.3 89.8 94.6 78.3 95.8 104.1 

Ba 765.1 582.1 608.7 710.1  827.9 670.1 823.7 911.4 

Sr 280.1 311.4 263.2 257.9  284.8 345.5 246.1 192.6 

Zr 211.0 173.9 217.3 224.1  214.1 173.1 194.3 227.8 

Nb 9.6 7.5 6.0 9.5 10.1 7.0 10.4 9.1 

Ni 24.3 21.2 26.1 23.9 29.3 24.5 39.9 28.3 

Zn 55.2 52.8 51.0 58.6 63.6 53.1 67.7 75.2 

Cr 89.5 84.8 100.6 115.0  126.6 98.0 151.7 131.4 

Cu 18.4 16.6 20.9 19.8 22.8 20.4 32.6 26.7 

V 111.9 100.6 96.6 118.9  128.6 103.5 145.1 130.2 

Y 23.5 19.8 17.8 27.3 27.6 19.5 26.5 27.2 

Sc 16.6 23.7 18.2 12.6 16.9 19.4 20.0 18.5 

Co 22.2 13.8 15.5 23.5 26.8 19.9 33.8 27.6 

As 14.13 7.84 7.20 11.66 11.12 7.36 13.49 7.85 

Pb 29.36 17.58 21.04 30.55 25.04 22.72 28.79 29.34 

Mo <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 

U 14.66 <1.0 <1.0 <1.0 <1.0 <1.0 1.89 <1.0 
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4.5 Surface Water  

 

Table C 4.7 Surface water concentrations (mg/l) taken at Mooifontein uranium 

mine. 

 

 MOW 1 

(no.  3 on 

map) 

(mg/l) 

MOW 2 

(no. 4 on 

map) 

(mg/l) 

MOW 3 

(no.  5 on 

map) 

(mg/l) 

MOW 4 

(no. 5 on 

map) 

(mg/l) 

MOW 5 

Back -  

ground 

(mg/l) 

MPIT 1 

(no. 2 on 

map) 

(mg/l) 

MPIT 2 

(no. 4 on 

map) 

(mg/l) 

Arsenic  0.014 0.013 <0.010 <0.010 <0.010 0.015 0.015 

Copper 0.004 0.004 0.005 0.003 0.049 0.004 0.004 

Iron 0.486 1.073 0.257 0.216 1.353 0.328 0.305 

Molybde  

- num 

 

0.002 

 

0.003 

 

0.002 

 

0.006 

 

<0.001 

 

0.011 

 

0.012 

Lead <0.010 0.011 0.013 <0.010 0.027 0.013 0.019 

Uranium <0.050 <0.050 <0.050 <0.050 <0.050 0.137 0.137 

 

 

4.6 Groundwater  

 

Table C4.8 Groundwater concentrations (mg/l) taken at Mooifontein uranium 

mine. 

 

 MGW 1 

(no. 10 on 

map) 

(mg/l) 

MGW 2  

(no. 11 on 

map) 

(mg/l) 

MGW 3 

(no.  12 on 

map) 

(mg/l) 

MGW 4 

(no.  13 on 

map) 

(mg/l) 

MGW 5 

Back –  

ground 

(mg/l) 

Arsenic  <0.010 <0.010 <0.010 <0.010 <0.010 

Copper 0.054 0.024 0.007 0.009 0.003 

Iron 0.246 0.122 0.198 0.114 0.049 

Molybdenum 0.008 0.004 0.003 <0.001 <0.001 

Lead 0.017 0.014 <0.010 <0.010 <0.010 

Uranium  <0.050 <0.050 <0.050 <0.050 <0.050 

 

            


