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Executive Summary 
 

Sibanye Gold: Ezulwini Mining Company (EMC) is an underground gold and uranium mine, 

located to the south east of Westonaria in the Gauteng Province. Since the 1960’s EMC has 

pumped water from the underground dolomitic aquifers for mining purposes. This water has 

been discharged into the Kleinwes Rietspruit and historically, prior to 2013, to the Leeuspruit 

East. EMC intends to close the mine’s underground workings and to cease all pumping. The 

result of the terminations of the underground workings and the cessation of pumping water 

from underground (approximately 68 Mℓ/day) is that the mine workings and the adjacent 

dolomitic compartment will re-water over time. After approximately 7 years, it is expected 

that the groundwater will begin to flow from the Gemsbokfontein Eye reaching steady state 

in 15 years. The Gemsbokfontein Eye is located to the north of EMC on the banks of the 

Wonderfonteinspruit. The water pumped into the Kleinwes Rietspruit via the Peter Wright 

Dam, will also cease and although not currently occurring, no water will be pumped in the 

future into the Leeuspruit East.   

 

Jones & Wagener (Pty) Ltd (J&W) is currently undertaking the Environmental Authorisation 

process for the closure of these underground workings and have appointed Natural Scientific 

Services CC (NSS) to undertake a desktop based ecological statement, on the potential 

impact of the underground mine closure on the sensitive ecosystems downstream that will 

no longer be receiving the large volumes of water pumped from underground, and the 

sensitive ecosystems into which the flow from the Gemsbokfontein Eye will eventually reach.  

Although the study was largely desktop, NSS has completed a number of biodiversity and 

wetland assessments for EMC itself and the adjacent South Deep, Kloof and Driefontein 

Gold Mines and therefore, has a good understanding of sensitive ecosystems in the larger 

study region. The Area of Influence (AoI) investigated included the Kleinwes Rietspruit from 

the Peter Wright Dam to the town of Poortjie and the Wonderfonteinspruit including the 

Gemsboksfontein Eye, after which the water is collected within a pipeline and discharged at 

the Abe Bailey Nature Reserve 32 km downstream. Any impacts on the downstream 

Leeuspruit East, after pumping ceased in 2013, have already likely occurred. As this was a 

desktop investigation these impacts could not be verified. The studies by NSS for South 

Deep Gold Mine (SDGM) and Sibanye Gold: Ezulwini Mining Company (EMC) were both 

undertaken after pumping to the Leeuspruit East ceased. Based on EMC not pumping into 

the Leeuspruit East in recent years this project (i.e. the closure of the underground workings 

and the cessation of pumping from EMC underground) will have no additional impacts, other 

than what has already occurred, on the Leeuspruit East. EMC may still impact on the surface 

water quality due to the existing contaminated sediment in this system, however this will not 

be assessed in this study as it does not form part of the impacts of this project. 
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Kleinwes Rietspruit 

 

From the wetland assessment undertaken by NSS for the Kleinwes Rietspruit (NSS, 2014), 

the wetland within the EMC boundary scored an F (Critically Modified) in terms of Hydrology 

and Vegetation and Seriously Modified for Geomorphology. The main hydrological impacts 

include the discharge of water pumped out of the EMC underground workings (which will 

now cease), discharge of effluent from the Waste Water Treatment Works (WWTW), leaking 

pipelines etc. into the Kleinwes Rietspruit, and decreased flood peaks downstream due to 

the Peter Wright Dam. The major impacts in terms of geomorphology are the deposition of 

tailings within the wetlands in the EMC boundary, specifically upstream of the Peter Wright 

Dam. Sibanye have made an application in 2016 to the relevant authorities to rehabilitate the 

wetland area upstream of the dam and to remove the uranium contaminated tailings; they 

are still awaiting authorisation. These contaminated tailings have resulted in a secondary 

effect of poor water quality downstream of the EMC, with uranium being the major element 

of concern. In terms of vegetation, this permanent inundation and poor water quality has also 

resulted in a system dominated by Phragmites australis. Although mono specific and 

invasive, these dense stands of Phragmites play an important role in assimilating pollutants 

and purifying influent water. In terms of Ecological Importance and Sensitivity (EIS), the NSS 

wetland assessment scored the system as having a Low/Marginal Importance (D). Although 

the Kleinwes Rietspruit scored high for the importance of the system in terms of flood 

storage, energy dissipation and particulate/element removal, the system had a low 

importance for biodiversity maintenance (presence and habitat of Conservation Important 

(CI) species, unique species and species richness). In terms of ecosystem services, the 

wetland assessment undertaken by NSS, scored the Kleinwes Rietspruit as High for 

sediment trapping, with both the opportunity and effectiveness of the wetland to provide the 

service scoring High. The system also scored a High for the opportunity to trap phosphate 

and to remove nitrate and toxicants. In terms of biodiversity the integrity and noteworthiness 

of the biodiversity scored a Moderately Low.  

 

The main impact, when pumping ceases, is on the hydrology driver of the downstream 

systems. As discussed in the J&W surface water report (J&W, 2017), the impact on the 

surface water quantity in the Kleinwes Rietspruit will be Very High, with no possible 

mitigation measures to reduce the impact. The flow will be reduced in the dry season by as 

much as 99% immediately downstream of the dam and up to a 32% reduction 38 km 

downstream in the dry season. The decrease in flow will in all likelihood result in a change in 

the system from one that has been perennial in nature, with fast flowing water all year round, 

to a non-perennial system. In terms of wetland loss, this change in hydrology will impact on 

the extent and wetness regime of the Channelled and Unchannelled valley bottom wetlands, 

particularly in stretches along the river where the banks are not steep. The presence of 

permanent wetlands, will likely change to be more seasonal or temporary in nature. In areas 

where the banks are steep (majority of the AoI) the change or loss in wetland characteristics 

is likely to be minimal. The main reason for this being the lateral input of water to the 
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wetlands will remain unchanged and the water from flooding events overtopping the banks is 

also unlikely to change (J&W, 2017). It is anticipated that there will be a change in 

vegetation structure and composition as the system returns to its natural non-perennial state. 

The anticipated changes include the loss, or reduction in size, of the Phragmites reed beds 

due to a change in water availability. This species is potentially performing a vital role in both 

the stabilisation of sediments and the phytoremediation of the uranium contamination.  The 

unknown factor is, if the tailings and contaminated sediments are present within the system 

downstream of the Peter Wright Dam. If present, and currently held in situ by the Phragmites 

reed beds, the change in species composition and structure may result in the sediment 

being released downstream, which could result in numerous impacts. In terms of aquatic 

ecology the change in flow characteristics will impact on the aquatic species present in the 

system with a change from species that prefer fast flowing water all year round, to those that 

prefer a slow flowing system that has more wetland characteristics with periods in the year 

with no flow.  The varying flow conditions could negatively impact on the invasive fish 

species found within the system i.e. Cyprinus carpio and Micropterus salmoides. River 

connectivity will be affected but as these systems were historically more non-perennial this 

will not be a major impact on the system.  

 

The artificial wetland upstream of the Peter Wright Dam is a large contributor of the uranium 

concentrations and uranium load in the Kleinwes Rietspruit. Once pumping ceases the 

dilution effect from the water will be removed and the impact may be negative in terms of 

concentration, but not load. As discussed by J&W (2017), the artificially enhanced wetland 

downstream of the plant and upstream of the Peter Wright Dam is a current contributor to 

the uranium concentrations and uranium load in the Kleinwes Rietspruit. Therefore, once 

pumping from underground ceases the concentration of uranium in the Peter Wright Dam is 

expected to increase due to the dilution effect of the underground discharge water being 

removed. Therefore the impact of the water discharged may change from having a positive 

impact (dilution effect) to having a negative impact in terms of concentration, but not load. 

However, as discussed previously Sibanye has made an application to the relevant 

authorities in 2016 to rehabilitate the aforementioned wetland area and therefore, with 

mitigation, the impact will not be as severe. In addition the Peter Wright Dam will not be 

allowed to spill more than 1:50 years, as an additional mitigatory measure.  

 

Wonderfonteinspruit (WFS) 

 

The other system to be impacted is the Wonderfonteinspruit which will receive flow from the 

Gemsbokfontein eye once the dolomitic compartment re-waters. According to J&W (2017), 

flow from the Gemsbokfontein eye will be in the region of 12.8Ml/day, when steady state is 

reached, approximately 15 years after pumping has ceased. During the 15 year period a 

number of external influences may result in flows in the WFS either increasing or 

decreasing. These include: 

 Urbanisation, which could increase the flow of water in the WFS 
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 The WRTRP, which is a Sibanye project that is expected to remove approximately 35 

ML/day from the Wonderfonteinspruit which would negate the effect that the flow at 

the Eye would have on the flows in the pipeline. 

 The closure of various mines and shafts and subsequently the cessation of pumping 

into the WFS, thus reducing the flow in the WFS.  

 The management of Luipaardsvlei and Donaldson Dam, in terms of their peak flow 

attenuation capacities and effects on the flow rates in the WFS system. 

 

This system flows through a dolomitic karstic aquifer partitioned by syenite dykes forming 

large compartments; in pre-mining years these dykes gave rise to a number of springs that 

were used for farming (Swart et al. 2003a; Winde 2010b). One of these springs being the 

Gemsbokfontein Eye. The spruit is then channelled with inflow of water into a pipeline just 

downstream of Donaldson Dam and the outflow of the pipeline lies close to Carletonville, 32 

km downstream. From here the piped water enters canals which then enter a major dam 

network. The Donaldson Dam (positioned within the Upper Wonderfonteinspruit) forms the 

upstream boundary of the Lower Wonderfonteinspruit (Swart et al. 2003a). In accordance 

with the DWS study (DWS, 2014) the Wonderfonteinspruit scored a Moderate to Low for 

Ecological Sensitivity depending on the reach and a Moderate for Ecological Importance 

before the system enters the pipe. The overall scores within the NSS (2014) study showed 

that the Wonderfonteinspruit from Donaldson Dam (C23D-01365 and C23D-01384 reaches) 

scored an E in Hydrology, a D for Geomorphology and a C for Vegetation.  

 

The main impacts currently on the Wonderfonteinspruit are 

   Extensive underground mining in the region, which has reduced the local 

groundwater level, created numerous sinkholes, and likely caused a long-term 

reduction in the flow of systems. 

   Piping the system for 32 km which has completely changed the dynamics of the 

system. 

   Poor water quality within the system.  

   Polluted sediments 

   Deterioration in Fish Health – specifically within Donaldson Dam and potentially 

downstream of the discharge point.  

 

In terms of ecosystem services, the reaches of the Wonderfonteinspruit from Donaldson 

Dam scored High for the provision of natural resources, for example the gold obtained from 

the illegal gold mining, sand mining, harvesting of reeds etc. The services scoring 

Moderately High included: stream flow regulation (mainly due to the extensive Phragmites 

reed beds in the northern portion of the system - Donaldson Dam); maintenance of 

biodiversity (mainly due to the habitat provided for African Marsh-harrier and the presence of 

the threatened Eastern Temperate Freshwater Wetland in the north); and the cultivation of 

foods (subsistence farming in the wetlands and associated buffers in the north).  
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The potential impact of the increased flows within the Wonderfonteinspruit in future years is 

not expected to have a negative effect on the aquatic communities, if the currently predicted 

water quality is found to be correct at the relevant point in time. As it is already within a 

largely modified state (EC of D/E), the 14 % increase in water will not reduce the ecological 

category. Any negative impacts associated with the increased water quantity will be 

mitigated by the numerous impoundments within the WFS. As discussed above, flow from 

the Gemsbokfontein Eye will be piped 32 km westward in the existing pipeline and 

discharged into a canal system which will then enter a series of dams in the Abe Bailey 

Nature Reserve. The increase in water volumes into these series of dams is not seen as a 

major impact on the terrestrial biodiversity as the water levels in these dams has been 

known to fluctuate. As the discharge point enters the Abe Bailey Nature reserve it is 

important that the natural and artificial habitats remain. Even though these large waterbodies 

are artificially fed by all the upstream inputs, they are important for both resident and migrant 

avifauna. 

 

The following main measures are recommended by NSS in terms of monitoring: 

 The PES, EIS and ecosystem services of the systems continue to be monitored 

annually for a period of 3 years at select sampling points on the Kleinwes Rietspruit. 

The monitoring of the Wonderfonteinspruit will need to continue for 3 years after 

steady state has been reached. Sampling points need to be established and 

assessed prior to pumping ceasing.  

 As per the J&W (2017) report, NSS recommends that the current surface water 

quality monitoring regime continues. 

 Sediment samples be taken and assessed downstream of the Peter Wright Dam. If 

contaminated it is important that the existing vegetation is monitored as this 

vegetation is stabilising the sediment. If the vegetation dies back, alternative 

mitigation measures may need to be investigated to prevent the sediment from being 

transported further downstream.  

 Although this study did not assess the Leeuspruit East as it is not impacted by this 

project, NSS recommends the following: 

o Vegetation monitoring as the Phragmites reeds play a critical role in 

stabilising the contaminated sediment 

o Biomonitoring is currently undertaken along the Leeuspruit East by SDGM, it 

is recommended that bio-monitoring on this system continues.  

 Implementation of the rehabilitation plan submitted by Sibanye (2016) for the wetland 

areas upstream of the Peter Wright Dam at a later stage. Without the removal of the 

tailings from these wetlands it is likely that the uranium level will remain the same or 

increase as the pumped water will no longer create a dilution effect. 

 Select photographic sampling points, along the system should be identified, prior to 

pumping stopping. Photographs should be taken quarterly, for a period of 3 years. 

Should evidence of erosion increase, the cause should be investigated and mitigation 

measures implemented if required. Mitigation measures could include seeding or the 
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planting of vegetation sods to speed up the vegetation succession, or if more severe 

the use of gabion structures could be investigated.  
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1. Introduction 
 

Sibanye Gold: Ezulwini Mining Company (EMC) is an underground gold and uranium mine, 

located to the south east of Westonaria in the Gauteng Province (Figure 1-1). Since the 

1960’s EMC has pumped water from the underground dolomitic aquifers for mining 

purposes. This water has been discharged into the Kleinwes Rietspruit and historically to the 

Leeuspruit East. Since 2013, no discharging of underground water has occurred down the 

Leeuspruit East, with the exception of some water that was discharged for Bambanani Fruits 

and, in 2016, some water was discharged for South Deep Gold Mine (SDGM). EMC intends 

to close the mine’s underground workings and to cease all pumping. The above ground 

operations do not require closure, as these facilities will still be used for the reprocessing of 

existing gold tailings and ore. Jones & Wagener (Pty) Ltd. (J&W) is currently undertaking the 

Environmental Authorisation process for the closure of these underground workings. 

 

The result of the terminations of the underground workings and the cessation of pumping 

water from underground (approximately 68 Mℓ/day) is that the mine workings and the 

adjacent dolomitic compartment will re-water over time. After approximately 7 years, it is 

expected that the groundwater will begin to flow from the Gemsbokfontein Eye reaching a 

steady state in 15 years. The Gemsbokfontein Eye is located to the north of EMC on the 

banks of the Wonderfonteinspruit. The water pumped into the Kleinwes Rietspruit via the 

Peter Wright Dam, will also cease and although not currently occurring, no water will be 

pumped in the future into the Leeuspruit East. J&W have appointed Natural Scientific 

Services CC (NSS) to provide an ecological statement on the potential impact of the 

underground mine closure on the sensitive ecosystems downstream that will no longer be 

receiving the large volumes of water pumped from underground, and the sensitive 

ecosystems into which the flow from the Gemsbokfontein Eye will eventually reach. The 

Area of Influence (AoI) investigated included the Kleinwes Rietspruit from the Peter Wright 

Dam to the town of Poortjie and the Wonderfonteinspruit including the Gemsboksfontein 

Eye, after which the water is collected within a pipeline and discharged at the Abe Bailey 

Nature Reserve 32 km downstream (Figure 1-1 and Figure 1-2). Although pumping ceased 

in 2013, the Leeuspruit East from EMC to approximately 10km downstream has still been 

discussed due to historical discharges and the location of the mine within the Leeuspruit 

Sub-Catchment. Any impacts, due to the cessation of pumping in 2013, would likely have 

already occurred and have therefore not been assessed. 
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Figure 1-1 Location of Ezulwini Mine and the Area of Influence – Kleinwes Rietspruit and Leeuspruit East 
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Figure 1-2 Location of Ezulwini Mine and the Area of Influence - Wonderfonteinspruit 
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2. Terms of Reference 
 

NSS was appointed to undertake a desktop based ecological statement, with very limited 

ground truthing. Although the ground truthing was limited, NSS has completed a number of 

biodiversity and wetland assessments for EMC itself and the adjacent South Deep, Kloof 

and Driefontein Gold Mines and therefore, has a good understanding of the sensitive 

ecosystems in the larger study region. The level of certainty of the aquatic (SASS5/MIRAI) 

information is high as an accredited method was used. However, additional information in 

terms of the taxa sampled will be helpful for future monitoring. The in-field sampling points 

investigated by NSS are highlighted in Figure 4-1. Although only a desktop based study was 

undertaken, NSS compiled an Impact Assessment, with the relevant degree of certainty for a 

particular fact or likelihood of an impact occurring. The Impact Assessment methodology 

used was supplied by J&W and is provided in Appendix A.  Ideally, more detailed field 

surveys will increase the impact assessment accuracy. The biomonitoring techniques used 

are ideal for monitoring but sometimes it can lack sensitivity when looking at the potential 

impacts. 

 

3. Project Team 
 

The Ecological Statement was compiled by NSS (Table 3-1). The Declaration of Interest is 

provided in Appendix B. 

 

The NSS team has extensive experience in completing biodiversity assessments involving 

floral, faunal, wetland and aquatic (riverine) work, as well as Environmental Impact 

Assessments (EIAs), Biodiversity Management and Action Plans (BMAPs), Alien Invasive 

Management Plan (AIMPs); Environmental Management Programme Reports (EMPRs), 

Strategic Management Plans (SMPs) and Environmental Management Plans (EMPs) for the 

conservation, mining, waste, commercial and industrial sectors. 

 

In terms of accreditation and professional registrations the following is applicable to NSS: 

   Senior team members are registered Professional Natural Scientists in the 

ecological, environmental, aquatic and zoological fields. 

   The senior wetland team member is acknowledged by the Department of Water and 

Sanitation (DWS – previously DWA) as a competent wetland delineator. 
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Table 3-1 Project team with associated areas of specialisation 

ASPECT 

INVESTIGATED 
SPECIALIST QUALIFICATIONS 

Flora Susan Abell 
M.Sc. – Resource Conservation Biology (WITS). 

Pr.Sci.Nat. Registered – Ecology & Environmental Science. 

Wetlands Kathy Taggart 

M.Sc. – Resource Conservation Biology (WITS). 

Pr.Sci.Nat. Registered – Ecology & Environmental Science. 

DWS Acknowledged – competent delineator. 

Fauna Tyron Clark B.Sc. Honours - Zoology (WITS). 

Aquatics Wynand Malherbe 
MSc -  Aquatic Health 

Pr.Sci.Nat. Registered – Zoological Science 

GIS mapping Tim Blignaut M.Sc. – Geography (UJ) – in progress. 

 

4. Study Area Description 
 

4.1. Location 

EMC is located approximately 40 km from Johannesburg on the outskirts of the town of 

Westonaria in Gauteng Province. The mine is accessed via the local R28 highway between 

Randfontein and Westonaria or via the N12 national road between Johannesburg and 

Potchefstroom. The Area of Influence (AoI) investigated in this project is defined as: 

   The Kleinwes Rietspruit from the Peter Wright Dam, within the EMC boundary, to 

the town of Poortjie, approximately 14 km downstream. 

   The Wonderfonteinspruit including the Gemsboksfontein Eye, after which the water 

is collected within a pipeline and discharged at the Abe Bailey Nature Reserve 32 

km downstream. 

   The Leeuspruit East from the EMC to approximately 10 km downstream, after the 

confluence with the Kariegaspruit. As pumping ceased to the Leeuspruit East in 

2013, the closure of the underground workings is expected to have no additional 

impact to that which has likely already occurred. 
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Figure 4-1 Sampling points (NSS, 2010; NSS 2014 and NSS, 2016) 
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4.2. Geology & Soils 

The EMC landscape features undulating plains that extend north and southwards around a 

central region with elevated quartzite ridges. EMC is dominated by shale which is a 

sedimentary rock, however, the most northern part of the site and the Wonderfonteinspruit 

AoI consists of dolomite and chert. Collectively, the geology of EMC supports mostly shallow 

Mispah and Glenrosa soil forms, although deeper red to yellow apedal soils (such as Hutton 

and Clovelly) occur sporadically, especially in the north. 

 

4.3. Hydrology 

The EMC and the AoI investigated for this project includes three quaternary catchments in 

the Vaal River catchment, in Drainage Region C, within the Upper Vaal Water Management 

Area (WMA 8), on a natural surface water divide referred to as the Gatsrand. “This WMA is 

located upstream of the confluence of the Vaal and Mooi rivers, and extends to the 

headwaters of the Vaal, Klip, Wilge and Liebenbergsvlei rivers. It covers a catchment area of 

55,565km2 and includes the very important Vaal, Grootdraai and Sterkfontein dams” 

(EcoPartners, 2011). The Wonderfonteinspruit, lies in catchment C23D, the Kleinwes 

Rietspruit lies in catchment C22H and the Leeuspruit East within C22J (DWA, 2009; Figure 

4-2).  

 

4.4. Regional Vegetation 

The AoI investigated is positioned within the Grassland Biome as classified by Rutherford & 

Westfall (1994). The Grassland Biome is found primarily on the high central plateau of South 

Africa, the inland regions of KwaZulu-Natal and the Eastern Cape. The majority of plant 

species within grasslands are non-grassy herbs (forbs), most of which are perennial plants 

with large underground storage structures. Tree species are limited due to frost, fire and 

grazing, which maintains the herbaceous grass and forb layer and ultimately prevents the 

establishment of tall woody plants (Tainton 1999).   

 

Mucina & Rutherford (2006), places the AoI into three vegetation types (Figure 4.2): the 

Carltonville Dolomite Grassland, Gauteng Mountain Shale Bushveld and the Rand Highveld 

Grassland. The Carltonville Dolomite Grassland which, at least historically, would have 

supported a high diversity of plant species, but due to cultivation, urban sprawl, mining, and 

construction of the Boskop and Klerkskraal dams, approximately a quarter of this vegetation 

type has been transformed. The Gauteng Shale Mountain Bushveld occurs in areas with 

low, broken ridges varying in steepness and with high surface rock cover. Vegetation is short 

(3m to 6m tall), semi-open thicket dominated by a variety of woody species. The Rand 

Highveld Grassland is a species – rich unit with wiry, sour grassland alternating with low, 

sour shrubland on rocky outcrops and steeper slopes. 
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Figure 4-2 Quaternary catchments in relation to the EMS Area of Influence 
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Figure 4-3 Regional Vegetation in relation to the EMS Area of Influence 
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5. Kleinwes Rietspruit 
 

5.1. Wetland Classification 

The wetland systems identified within the AoI are discussed below and summarised in Table 

5-1: 

   River: The Kleinwes Rietspruit is currently a perennial river system. The river is 

perennial in nature due to the 61 376m3/day discharged into the Peter Wright Dam from 

the underground mine workings and a further 960 m3/day from the upstream waste 

water treatment works (WWTW). The river would have been non-perennial in nature 

prior to the upstream discharges into the Peter Wright Dam.  

   Channelled valley bottom wetlands (Figure 5-1) are characterised by their location on 

valley floors, the absence of characteristic floodplain features and the presence of a 

river channel flowing through the wetland. It is expected that historically, prior to 

upstream mining activities, this system may have been unchannelled in nature, but due 

to the discharge of large volumes of water, confinement of the systems by the road and 

culverts and the potential human canalization of the system, immediately downstream 

of the mine, is now channelled in nature.  

   Un-channelled valley bottom systems (Figure 5-2) are characterised by their location 

on valley floors, an absence of distinct channel banks and the prevalence of diffuse 

flows. Upstream of the Peter Wright Dam, although artificially enhanced, the system is 

still an unchannelled system, however, it forms a channelled system after it exits the 

mining area. Further downstream, it appears as if the system is unchannelled again in 

places. 

   Depression (Figure 5-3). Although the dam on the Kleinwes Rietspruit is manmade and 

has water flowing into and out of the system, the classification system classifies the 

dam as a depression. This rule is based on the fact that the landform characteristics of 

such systems fit the definition of a depression in that they typically have closed (or near 

closed) elevation contours and increase in depth from the perimeter to a central area of 

greatest depth (Ollis et al, 2013). Further dams have been identified downstream of the 

Peter Wright Dam, within the AoI.  

 

Table 5-1 Wetland Classification – Kleinwes Rietspruit 

WETLAND 
NAME 

L1 L2 L3 
L4 L5 L6 

System 

DWA 
Eco 

Regions 
NFEPA 
WetVeg 

Land-
scape 
Unit 

HGM Unit Flow Regime Natural vs 
Artificial 

Kleinwes 
Rietspruit 

Inland 11.01 
Central 
Bushveld 
Group 1 

Valley 
Floor 

Channelled 
Valley Bottom 
 
 
Unchannelled 
Valley Bottom 
 
Depression, 
dammed, without 
channelled inflow 

Permanently 
saturated 
(artificially) 
 
Permanently 
saturated 
(artificially) 
 
Permanently 
inundated 

Natural 
(Artificially 
enhanced) 
 
Natural 
(Artificially 
enhanced) 
 
Artificial 
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Figure 5-1 Kleinwes Rietspruit and associated Channelled Valley Bottom Wetland 

 

 

Figure 5-2 Kleinwes Rietspruit and associated Unchannelled Valley Bottom Wetland 
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Artificial Depression - Peter Wright Dam 

 

Artificial Depression 

Figure 5-3 Artificial Depressions associated with the Kleinwes Rietspruit 

 

5.2. Current State 

5.2.1 Present Ecological State 

A recent desktop assessment, undertaken by the DWS (2014), highlights that the Kleinwes 

Rietspruit is a Seriously Modified (E) system. In terms of the wetland assessment undertaken by 

NSS (NSS, 2014), the wetland within the EMC boundary scored an F (Critically Modified) in 

terms of Hydrology and Vegetation and Seriously Modified for Geomorphology. The main 

hydrological impacts include the current discharge of water pumped out of the EMC 

underground workings (which will now cease), discharge of effluent from the WWTW, leaking 

pipelines etc. into the Kleinwes Rietspruit, and decreased flood peaks downstream due to the 

Peter Wright Dam. The discharge of underground water discussed above has resulted in a 

permanent inundation of certain wetland areas and a shift in what was likely an unchannelled 

temporary wetland to a permanent channelled valley bottom system. When a wetland is 

inundated throughout the year, its effectiveness as a natural filter is inhibited since the natural 

dormant period and regeneration period cannot occur (GDARD, 2008).  

 

The major impacts in terms of geomorphology are the deposition of tailings within the wetlands 

in the EMC boundary (Figure 5-4), specifically upstream of the Peter Wright Dam. Sibanye have 

made an application in 2016 to the relevant authorities to rehabilitate the wetland area upstream 

of the dam and remove the uranium contaminated tailings, they are still awaiting authorisation. 

These contaminated tailings have resulted in a secondary effect of poor water quality 

downstream of the EMC, with uranium being the major element of concern. The unknown factor 

is whether these tailings are present within the wetlands downstream of the Peter Wright Dam 

and the impact of the change in the system back to non-perennial will have on the vegetation 

structure and the stability of the in-stream sediments (Section 8). An additional impact is the 

active erosion of the channels downstream. It is anticipated that this is largely due to the large 

discharge volumes entering the system (Figure 5-4). 

 

In addition to uranium, the NSS aquatic assessment (NSS, 2014) identified high levels of 

electrical conductivity (EC), total dissolved solids, suspended solids, total alkalinity, total 

hardness, ammonia, nitrates, sulphates, calcium, fluoride, sodium, aluminium, boron, iron, lead, 
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nickel, zinc, E. coli and total coliforms after analysing the historic WQ results (January 2013 – 

August 2014), in comparison to the Target Water Quality Range for aquatic ecosystems (DWAF, 

1996) and the WQO for the Rietspruit Catchment. The potential impacts of these elevated 

constituents on the downstream aquatic ecology are summarised in Table 5-2. The dilution 

effect of the discharged ground water into the surface water does, however, reduce these WQ 

impacts for most of the constituents, excluding uranium and sulphate which are high in the 

ground water. 

 

In terms of vegetation, this permanent inundation and poor water quality has also resulted in a 

system dominated by Phragmites australis. Although mono specific and invasive, these dense 

stands of Phragmites play an important role in assimilating pollutants and purifying influent water 

(Coetzee, 2003). However, it is important to understand that although the wetlands provide a 

service of being a pollution trap they do not have infinite capacities. These plants are also very 

useful for food and cover for wildlife and many waterfowl. However, a heavy infestation such as 

that within the EMC boundary, has resulted in a change in habitat from the closing of open water 

bodies and the resultant establishment of a mono-culture. The infestation of Phragmites 

australis was not as significant the further downstream one went from the mine. 

 

  

Increased sediment load due to tailings within wetlands - Kleinwes Rietspruit 

  

Active erosion along the banks 

Figure 5-4 Current Impacts within Kleinwes Rietspruit 
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5.2.2 Ecological Importance and Sensitivity 

In accordance with the study by the DWS (2014) on the Ecological Importance (EI) and 

Ecological Sensitivity (ES) per Sub Quaternary Reaches for Secondary Catchments in South 

Africa, the Kleinwes Rietspruit scored a Moderate for ES and a Low for EI. On a national level, 

The National Freshwater Ecosystem Priority Area (NFEPA) project (Driver et al. 2011) provides 

strategic spatial priorities for conserving freshwater ecosystems and supporting sustainable use 

of water resources in South Africa.  The Kleinwes Rietspruit and associated wetlands within the 

AoI have not been classified under the NFEPA (Figure 5-5). On a provincial level, the Gauteng 

C-Plan (C-Plan v3.3) has identified the majority of the Kleinwes Rietspruit as an Ecological 

Support Area (ESA), with only a small portion within the EMC boundary and immediately prior to 

the town of Poortjie classified as an Important Area. ESAs are not essential for meeting 

biodiversity targets but play an important role in supporting Irreplaceable and Important areas 

and/or in delivering ecosystem services. In Gauteng, ESAs include dolomite outcrops, rivers, 

wetlands, pans, corridors for climate change and species migration, rocky ridges, and low cost 

areas for Johannesburg and Tshwane (GDARD, 2011). Important Areas fall under the Critical 

Biodiversity Area category, and collectively they incorporate the most biodiversity in the smallest 

area and, therefore, provide the most cost-effective options for biodiversity conservation. 

 

The NSS wetland assessment scored the system as having a Low/Marginal Importance (D) in 

terms of Ecological Importance and Sensitivity (EIS). Although the Kleinwes Rietspruit scored 

high for the importance of the system in terms of flood storage, energy dissipation and 

particulate/element removal, the system had a low importance 1for biodiversity maintenance 

(presence and habitat of Conservation Important (CI) species, unique species and species 

richness). 

                                                
1
 The scoring for differs between the Ecosystem Services tool and the EIS tool. The Ecosystem Services tool includes the 

noteworthiness and integrity of the biodiversity including aspects such as the loss of wetland HGM units in the catchment, alteration 

of the hydrological, sediment, nutrient regime, presence of hazardous restrictive barriers etc.  The EIS tool for biodiversity 

maintenance looks at presence and habitat of Conservation Important (CI) species, unique species and species richness. 
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Table 5-2 A description of the water constituents that were present above WQ guidelines in the Kleinwes Rietspruit (immediately downstream of the Peter 

Wright Dam) and the Leeuspruit East, possible sources and impacts 

WQ constituent Possible sources  Description and impacts 

Uranium Mine tailings and discharge of 

underground water 

Limited data on the ecotoxicity of U are available and therefore the US EPA ECOTOX database was used for comparison. The 

LC502 values range from 21–32700 μg/L (ppb) in crustaceans, 36300 for an algal species, 4000–100000 μg/L in fish. The 

lowest reported LC50 in fish is 2500 μg/L and indicate the more sensitive species will die if this limit is exceeded (within a 96 

hour exposure). No long term exposure studies have been indicted by the EPA. The current values of uranium ranges from 40 to 

144 μg/L (ppb). However, the Total Hardness concentration was high (>100 mg/ℓ). There is a relationship between the uranium 

effect concentration and total hardness. Increasing total hardness thereby assists with depleting uranium toxicity and therefore 

this could explain why general fish species were still surviving in the Kleinwes Rietspruit. The current fish species identified in the 

NSS study (NSS, 2014) were not considered very sensitive. Sheppard et al. (2005) states that the limit of 23 000 μg/L is 

applicable for when total hardness exceeds 100. Sheppard et al. (2005) further proposed the following limits to protect more 

sensitive species namely 5 μg/L for macro-invertebrates. These limits were exceeded and possibly indicate why no sensitive 

macro-invertebrates were sampled in the NSS aquatic assessment (NSS, 2014). 

High electrical 

conductivity (EC)  

The main cause of the increased EC 

levels in this study was attributed to gold 

mining. 

Electrical Conductivity (EC) is a measure of the ability of water to conduct an electrical current. The increase in the EC levels is 

due to the increased concentrations of the ions and salts, namely Ca²
+
, Mg²

+
, Na

+
, NO3

¯
 and Cl¯ at these sites. The increased 

EC levels affect the buffering capacity of water and as a result the metabolism of organisms (DWAF, 1996). Each aquatic 

species have a specific tolerance to EC. Juvenile stages are often more sensitive to these increases than adults (James et al. 

2003). Therefore, juveniles and more sensitive species will start to decrease as the EC increase at the sites. In addition, high 

concentrations can also sensitise aquatic organisms to various pollutants such as heavy metals and biocides (Dallas & Day, 

2004). According to the GCI (Kotze, 2001) the current EC concentrations at these sites are in the tolerable range (70-100 mS/m) 

for aquatic organisms. 

Alkalinity Increased alkalinity, usually results from 

increased carbon dioxide (CO2), 

bicarbonate (HCO
3-

) and carbonate 

(CO3
2-

) in the water, which is directly 

related to the amount of plant life within 

the aquatic system. Therefore, an 

increase in the algal content will 

influence alkalinity. This can be used as 

an indirect measure of eutrophication. 

The alkalinity is a measure of the buffering capacity of the water and the amount of anions of weak acids including OH-, CO3
2-

, 

and bicarbonate ions. Increases in this alkalinity generally results in waters that are able to maintain high pH, even in the 

presence of acidic conditions. Basically below a pH of 4 all the CO2 is in the form of H2CO3. At the values between 6.4 and 8.6 

the proportion rises to peak at 8.3, when CO3¯ begin to appear, while CO3²¯ significantly quantifies only at pH values 

approaching 10. Complex polyphenolic organics and their salts may form the major buffering system in naturally acid waters, 

while aluminium and its salts become effective buffering agents in waters subject to acid precipitation (Dallas & Day, 2004; 

DWAF, 1996). Therefore, the high concentration of bicarbonate in the water was indicated by the increased alkalinity 

concentrations in the Kleinwes Rietspruit. This aided in the buffering capacity of the water  while the pH values were found to be 

ranging from 7.1 to 8.6 at the sites. 

Total Hardness 

(Ca and Mg ions) 

Ca and Mg are the predominant 

components to the total hardness and 

are naturally found in high levels. 

The total hardness concentrations consist mostly of Ca and Mg ions and as such are directly proportionate to each other. As 

these components are usually present at high levels within aquatic ecosystems, they are not considered to be toxic. Little 

literature is available on the effects of Ca and Mg ions on fish, but there has been reference to excessively low levels resulting in 

                                                
2
 Standard measure of the toxicity of the surrounding medium that will kill half of the sample populations of a specific test-animal in a specified perious through exposure. 
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WQ constituent Possible sources  Description and impacts 

Changes from natural levels are 

characteristically associated with gold 

mining and farming activities.  

impacts to mollusc and crustacean communities (Dallas & Day, 2004). In contrast, an increase in Ca can lead to an increase in 

EC and TDS, which can cause chronic and acute physiological effects on aquatic biota. In addition, fluoride also reacts readily 

with Mg at alkaline pH to form complexes which are not easily absorbed by aquatic biota. Mg can also interfere with nutrient 

availability (DWAF, 1996). However, it must be noted that certain metals (for example Al, Cd, Cr, Cu, and Pb) are less 

bioavailable to aquatic biota within hard water conditions (DWAF, 1996).  

Ammonium (NH4) Ammonium is usually formed from the 

decomposition of nitrogenous organic 

matter (Dallas & Day, 2004). The source 

of ammonia can also be directed to 

sewage and mining effluent (DWAF, 

1996). Atmospheric deposition of 

ammonia comes from the biological 

degradation of manure, and the cattle 

and animals from farming in the area is 

a possible source (DWAF, 1996). 

Ammonia occurs in either the free, un-ionized form (NH3) or as ammonium ions (NH4+). The toxicity of ammonia is directly 

related to the concentration of the un-ionized form, which affects the respiratory system of many animals by either inhibiting 

cellular metabolism or by decreasing the oxygen permeability of the cell membrane (Gammeter & Frutiger, 1990). Acute toxicity 

in fish causes loss of equilibrium, hyper excitability, increased breathing rate, cardiac output and oxygen intake, and in extreme 

cases convulsions, coma and death. In contrast, the ammonium ion has little or no toxicity (Williams et al. 1986), though it does 

contribute to eutrophication and the production of excessive algae, toxic nitrites and poor oxygen levels (Dallas & Day, 2004). 

Ammonium usually results from decomposition of nitrogenous organic matter in the surface or ground water, and it is one of the 

constituents of the nitrogen cycle (McKee & Wolf, 1963). The non-toxic NH4+ is converted to the highly toxic NH3 at pH values 

greater than 8. Natural waters typically contain ammonia and ammonium compounds in concentrations below 0.1 mg/l (Dallas & 

Day, 2004).  

Nitrate (NO3) Nitrates may enter water via gold mining 
activities, fertilizers and agricultural 
runoff. 

Nitrates are seldom abundant in natural surface water, because photosynthetic action is constantly converting them to organic 
nitrogen in plant cells. Very high concentrations can be toxic to fish because it interferes with oxygen uptake and can cause them 
to die of anoxia (Dallas & Day, 2004). 

Sulphate (SO4
2-

) Mostly as a result of gold mining 

activities and goes hand in hand with 

acid mine drainage. 

Sulphates have a low toxicity. However, in excess sulphates form sulphuric acid which reduces pH and affect the aquatic 

ecosystems negatively. Sulphates are reduced to hydrogen sulphide in anoxic (oxygen-free) conditions. Hydrogen sulphide 

(“bad egg gas”) is an indicator of reducing conditions. It is toxic and inhibits a number of enzymes important in cellular 

metabolism. The effects of hydrogen sulphide have been proven toxic in the laboratory but could not be quantified in the field 

(Dallas & Day, 2004). In addition, higher SO4 content in the water has the capacity to leach heavy metals if they come into 

contact with any of the minerals or rock formations (Colvin et al. 2011). This can increase metal concentrations (for example Al, 

Fe, Mn and Pb) at these sampling sites with adverse effects on the aquatic organisms. Increased sulphates can often also play a 

role in eutrophication due to its interaction with phosphates.  

Escherichia coli  

(E. coli) and Total 

coliforms 

 

The source of the extremely high 

concentrations of biological 

contamination is most probably sewage 

leakage. A minor source might include 

cattle farming. 

Microbiological constituents like E. coli and Total coliforms are bacteria that are mostly found in the intestine and faeces of 

endotherms (warm-blooded animals which include humans). Most E. coli are harmless, however a certain strain can produce a 

toxin that are harmful to humans. The symptoms include abdominal pain, diarrhoea, nausea, vomiting, fever and fatigue. While 

Total coliforms are not normally the cause of serious illness, they can still be used as indicators of pathogens including bacteria, 

viruses or protozoa. According to DWAF (1996b) there is no information in the scientific literature to show that E. coli affects the 

growth, reproduction, health or survival of the fish. However, fish can hold waterborne pathogens in the intestine for a long time. 

In the case that sewage and/or farm animals’ excretes contain such resistant pathogens and these land in the rivers, the 

pathogens can be retained in the fish and passed on to humans later. Additionally, the bacteriological constituents can 

potentially pose a risk to livestock as well as humans if the water is used to irrigate crops. 
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Figure 5-5 National Freshwater Ecosystem Priority Areas in relation to the EMC Area of Influence 
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Figure 5-6 Gauteng Biodiversity Conservation Plan (C-Plan v3.3) in relation to the EMC Area of Influence 
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5.2.3 Ecosystem Services 

In terms of ecosystem services, the wetland assessment undertaken by NSS scored the 

Kleinwes Rietspruit as High for sediment trapping, with both the opportunity and 

effectiveness of the wetland to provide the service scoring High. The system also scored a 

High for the opportunity to trap phosphate and to remove nitrate and toxicants. In terms of 

biodiversity the integrity and noteworthiness of the biodiversity scored a Moderately Low.  

 

5.3. Potential Impacts 

The potential impacts on the downstream Kleinwes Rietspruit, after pumping ceases, are 

discussed below under the main wetland drivers and presented in Table 5-3. The AoI 

extends from downstream of the Peter Wright Dam to the town of Poortjie.  Note: The 

impacts on the hydrology and water quality drivers have been based on the J&W surface 

water report (J&W, 2017). 

 

5.3.1 Hydrology 

The main impact, when pumping ceases, is on the hydrology driver of the downstream 

systems. As discussed in the J&W surface water report (J&W, 2017), the impact on the 

surface water quantity in the Kleinwes Rietspruit will be Very High, with no possible 

mitigation measures to reduce the impact. The flow will be reduced in the dry season by as 

much as 99% immediately downstream of the dam and up to a 32% reduction 38 km 

downstream in the dry season. 

 

 
Figure 5-7 Reduction in streamflow along the Kleinwes Rietspruit due to cessation of 

pumping (J&W, 2017) 

 

The decrease in flow will in all likelihood result in a change in the system from one that has 

been perennial in nature since the releases from EMC, with fast flowing water all year round, 

to a non-perennial system, as it historically was. Additionally, the Peter Wright dam will 

remain in place and will continue to collect water from the Ezulwini site after the cessation of 

pumping (surface runoff, rainfall, seepage and possibly treated effluent). In order to comply 
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with the regulations, as stipulated in GNR 704, an average abstraction of approximately 

1 500 – 2 000 m3/day is required in order to prevent the Peter Wright Dam from spilling more 

than once in 50 years. If the effluent from the sewage treatment plant could be diverted 

around the Peter Wright Dam and subsequently be made to report directly into the Kleinwes 

Rietspruit, then the required abstraction rate could be reduced to 1 000 m3/day. This is 

provided the sewage plant effluent is of an adequate quality, in line with in-stream water 

quality objectives. The abstraction of water from the Peter Wright Dam will need to continue, 

such that the dam does not overtop more than once in 50 years, until such time as the 

wetland, upstream of the dam is rehabilitated and it can be shown that the water quality in 

the dam is in line with the in-stream water quality objectives (J&W, 2017). 

 

In terms of wetland loss, this change in hydrology will impact on the extent and wetness 

regime of the Channelled and Unchannelled valley bottom wetlands, particularly in stretches 

along the river where the banks are not steep. The presence of permanent wetlands will 

likely change to be more seasonal or temporary in nature. In areas where the banks are 

steep (majority of the AoI) the change or loss in wetland characteristics is likely to be 

minimal. The main reason for this being the lateral input of water to the wetlands will remain 

unchanged and the water from flooding events overtopping the banks is also unlikely to 

change. This assumption is based on the findings of the J&W (2017) surface water 

assessment in which they state: 

 

“The expected maximum monthly reduction in overflow from the Peter Wright Dam reporting 

to the Kleinwes Rietspruit, due to the cessation of pumping, amounts to 

1 900 000 m3/month. This equates to a flow rate, prior to attenuation through the Peter 

Wright Dam, of 0.63 m3/s. This reduction in relation to the peak flow from the catchment, 

(i.e. 28.5 m3/s for the 1:50 year event and 46.4 m3/s for the 1:100 year flood) is negligible 

and therefore the impact of the cessation of pumping on the floodlines has been assessed 

as NO IMPACT. “ 

 

The change in hydrology will impact on the all of the other wetland drivers: Geomorphology, 

Ecology and Water Quality. These impacts are discussed further under the main wetland 

drivers. 

 

5.3.2 Geomorphology 

The impact of mining on sediment load is often overlooked because of the large chemical 

impacts associated with the mining industry, with the gold-mining industry contributing 

substantially to sediment load in South Africa’s rivers and wetlands (Coetzee, 2003). This 

was evident in the Kleinwes Rietspruit when NSS undertook their assessment in 2014, 

where tailings deposits were between 20cm to greater than 2m in depth within the wetland 

systems upstream of the Peter Wright Dam. It is these wetlands that Sibanye have applied 

to the relevant authorities to rehabilitate. In addition to the tailings, the removal of pollutants 

from the water from the downstream wetlands results in the build-up of contamination in the 
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solid material of the wetland (GDARD, 2008). The wetlands throughout the Witwatersrand 

have been shown to accumulate pollutants, including heavy metals and radionuclides 

(GDARD, 2008).  

 

The unknown factor is, if these tailings and contaminated sediments are present within the 

system downstream of the Peter Wright Dam. If present, and currently held in situ by the 

Phragmites reed beds, the change in species composition and structure, due to a change in 

the flow characteristics of the system, may result in the sediment being released 

downstream.  

 

Water-borne sediments entering a wetland may have numerous impacts, with the three 

major ones being (Coetzee, 2003): 

   Increased turbidity, leading to increased light attenuation and a consequent 

lowering of primary productivity; 

   An influx of heavy metals and other pollutants adsorbed onto the sediment 

particles. Pollutant bearing sediment, entering wetlands, may adsorb to surfaces 

and become immediately available to organisms or they may enter the benthic 

sediments where they may be unavailable in the short term. Gradual desorption, 

however will release those pollutants to the water. 

   Deposition of sediment leading to an alteration in wetland geometry, water 

availability and consequently distribution of flora and fauna. As mentioned 

previously, tailings have been deposited within the wetlands upstream of the Peter 

Wright Dam up to a depth exceeding 2m in some cases, but generally between 

20cm and 40cm in depth. This increase in sediment load has resulted in siltation of 

the channels, altering the wetland topography and water distribution patterns within 

the wetland. This siltation can eventually lead to the death of the wetlands due to 

large quantities of poor quality non-fertile silt being introduced into the system, 

thereby altering the drainage patterns and stunting vegetation growth (GDARD, 

2008). If the sediment load is not cleared out of these wetlands the ability of the 

wetland to handle flood events and to filter water is also diminished (GDARD, 

2008).  

 

5.3.3 Ecology 

5.3.3.1 Flora 

It is anticipated that there will be a change in vegetation structure and composition as the 

system returns to its natural non-perennial state. The anticipated changes include: 

   A decrease in the extent of the channelled and unchannelled valley bottom 

wetlands. As mentioned previously, no wetlands of high EIS were identified 

downstream of the mine. Although it can be said that the system has established a 

new baseline, after 40 years of pumping (J&W, 2017), this change can be seen as 

returning the system to its natural state. 
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   Vegetation die-back of hydromorphic vegetation. An example can be seen on the 

eastern side of the canal downstream of the Peter Wright Dam, where the 

vegetation is not receiving as much water as it had been previously (Figure 5-8). A 

further example (Figure 5-9) along the Wonderfonteinspruit (WFS) shows an 

inundated dam in 2004 to an almost empty dam in 2015. This system shows both 

bare areas – prone to erosion, and areas where vegetation growth has occurred. A 

concern during this change in species composition is the possibility of erosion 

increasing. This will need to be monitored and mitigation measures implemented if 

required (Section 8). 

 

  

Figure 5-8 Hydromorphic vegetation die-back 

  
Aerial Image 2004 Aerial Image 2015 

Figure 5-9 Vegetation structural and composition changes with changes in water levels 

 

   The loss, or reduction in size, of the Phragmites reed beds due to a change in 

water availability. This species is potentially performing a vital role in both the 

stabilisation of sediments and the phytoremediation of the uranium contamination 

downstream of the site: 

o  As discussed above under geomorphology, the stabilisation of the sediments 

is of particular concern if these sediments are contaminated and in terms of 

further erosion. Further investigations are required to determine the 

contamination levels in the downstream sediments (Section 8). 
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o Phytoremediation is the removal of contaminants from both soil and water by 

actively growing plants. This technique is being used more widely world-wide 

as an alternative in-situ method for decontamination. A brief literature review 

was undertaken as part of the NSS study (NSS, 2014) on the ability of 

Phragmites species to act as accumulators of uranium. P australis can 

influence radionuclide and heavy metal immobilisation either directly by 

uptake and accumulation and/or indirectly (biomass production – litter fall and 

root turnover – decomposition) providing for complexing substances 

(Brackhage and Wartchow, 2008). As mentioned above, in most plant 

species, uranium is accumulated in the roots and only translocated to the 

shoots in limited amounts, however this is not the case with P. Australis 

which accumulates metals in the above-ground parts (Cerne et al, 2010).  In 

a study undertaken on the phytoremediation potential of plant species on 

uranium contaminated soils in South China, it was found that P. australis had 

the greatest removal capabilities for uranium (820 µg), thorium (103 µg) and 

lead (1870µg), (Li et al, 2011).  Other studies undertaken on P. australis 

growing on a tailings pile, indicated that the reeds accumulated 8.6+/- 

8mBq/g dry weight and 2.4+/- 2mBq/g dry weight in leaves and stems 

respectively (Cerne et al, 2010). A key to the success of uranium 

phytoextraction is to increase soil uranium availability to plants. Some organic 

acids can be added to soils to increase uranium desorption from soil to soil 

solution and to trigger a rapid uranium accumulation in plants (AbdEl-Sabour 

et al, 2007). Huang et al., (1998) indicated that of the organic acids (acetic 

acid, citric acid, and malic acid) tested, citric acid was the most effective in 

enhancing uranium accumulation in plants. 

 

Of concern in plants serving a phytoremediation function for uranium, is that 

plants grown in soils contaminated with the seepage waters from tailings may 

represent radiological concern if radionuclides from the uranium decay chain 

are transferred into the food chain (Cerne et al, 2010). This may be the case 

with the dense stands of P. australis in the EMC boundary, especially as P. 

australis is said to store most of the uranium in the stems and leaves, and the 

reeds experience die back in the winter months with the leaf litter returning to 

the environment. AbdEl-Sabour et al (2007) highlights how immobilization of 

heavy metals by plants stays for a short time; since after the decomposition 

of organic matter, toxic elements may well be mobile again. 

5.3.3.2 Fauna 

The Present Ecological State (PES) for the Kleinwes Rietspruit, in the vicinity of EMC, from 

2014 biomonitoring surveys based on diatoms, macroinvertebrates, and fish were found to 

be in an Ecological Category (EC) of D (largely modified3); the sites further downstream 

                                                
3
 The study by the DWS (2014) of the larger system indicated a PES value of E. 
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from the mine indicated an EC of C (moderately modified), whilst that immediately below the 

Peter Wright Dam had an EC of E (seriously modified). 

 

The low flow 2015 assessment of the macroinvertebrate community using SASS5 methods 

indicated that the system is in an EC of C. The high flow 2016 survey indicated that the 

system is largely natural with an EC of B; however, the report indicates that this is probably 

an over estimation and as such used the Macroinvertebrate Response Assessment Index 

(MIRAI) to provide additional information. The EC using the MIRAI was calculated as a D 

(largely modified). The low flow assessment in 2016 resulted in similar scores as the high 

flow 2016 with the SASS5 score indicating an EC of B while the MIRAI indicated an EC of D. 

 

7 

 

The Resource Quality Objectives (RQO) for the Upper Vaal River catchment was published 

in the Government Gazette in April 2016. The EMC would impact on two resource units: the 

Rietspruit catchment, Leeuspruit East and Kleinwes Rietspruit are part of this catchment; 

and the Wonderfonteinspruit (or Mooirivierloop catchment).  

   River Quantity RQOs: No river quantity RQOs were set for the Kleinwes Rietspruit 

or the Leeuspruit East. Therefore the reduction in flow will not have an impact in 

terms of the river quantity RQO’s. 

   Water Quality RQOs: There are numerous water quality RQOs that have been set. 

These include three main categories – nutrients, system variables and metal 

concentrations. The water quality RQOs for the following constituents are as 

follows:  

o electrical conductivity  < 111mS/m;  

o fluoride < 3.0 mg/L;  

o aluminium < 150 µg/l;    

o arsenic < 130 µg/L;  

o cadmium (hard) < 5 µg/L;  

o chromium (VI) < 200 µg/L;  

o copper (hard) < 8.0 µg/L;  

o mercury < 1.7 µg/L;  

o manganese < 1300 µg/L;  

o lead (hard) < 13.00 µg/L;  

o selenium < 30 µg/L;  

o zinc < 36 µg/L;  

o chlorine < 5.0 µg/L;  

o Endosulfan < 0.2 µg/L;  

o Atrazine < 100 µg/L;  

o E. coli counts < 130 / 100 mL. 

   Aquatic Ecology RQOs: The aquatic ecology RQO for the ecosystem components 

have been set at an Ecological Category of D (> 42) for the instream habitat, the 
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macroinvertebrate community and the fish community. The overall ecological 

categories for the catchment are set at a D category. 

 

The reduction in flows in the Kleinwes Rietspruit will most likely return the system to the non-

perennial system that it historically was and could impact on the aquatic ecology. The 

following impacts are envisioned:  

 

 This change in flow characteristics will impact on the aquatic species present in the 

system with a change from species that prefer fast flowing water all year round, to 

those that prefer a slow flowing system that has more wetland characteristics with 

periods in the year with no flow. This could be seen as either a negative or positive 

impact depending on the reference condition that is selected.  

 The varying flow conditions could negatively impact on the invasive fish species 

found within the system i.e. Cyprinus carpio and Micropterus salmoides. A non-

perennial system will potentially result in these invasive fish species to move 

downstream where more perennial river conditions will be found. Increased 

eutrophication could be seen due to the lack of dilution of the sewage impacts 

experienced within the system. However, an improvement in sewage disposal and 

treatment should be sought to mitigate this potential problem rather than increasing 

water quantity for dilution. 

 River connectivity will be affected but as these systems were historically more non-

perennial this will not be a major impact on the system.  

 The artificial wetland upstream of the Peter Wright Dam is a large contributor of the 

uranium concentrations and uranium load in the Kleinwes Rietspruit. Once pumping 

ceases the dilution effect from the water will be removed and the impact may be 

negative in terms of concentration, but not load. The only way a positive impact, on 

the aquatic ecology, can be achieved is if the application to rehabilitate the wetland is 

authorised by the relevant authorities, and successfully implemented by Sibanye. In 

addition, the Peter Wright Dam will not be allowed to spill more than 1:50 years. 

 The reduction in water quantity could lead to a die off of instream vegetation (reeds 

for example) which could lead to a decrease in geomorphological conditions. This 

could potentially result in erosion during higher flow periods as river bank stability 

would be affected due to a lack of vegetation. Erosion and sedimentation will be a 

major impact on the aquatic ecology downstream. 

 

In addition, even though it will potentially affect the ecological category it should not reduce 

it to below an EC of D which would be in breach of the RQO for the catchment. 

 

5.3.4 Water Quality 

As discussed by J&W (2017), based on the baseline water quality data of the Kleinwes 

Rietspruit and the discharge water quality the following impacts on surface water quality can 



Closure of Sibanye Gold Ezulwini Operations – Ecological Statement 

Natural Scientific Services CC 
26 

be expected once pumping from EMC into the Kleinwes Rietspruit (via the Peter Wright 

Dam) ceases: 

   The uranium concentration of the discharge water is higher than at the downstream 

water quality monitoring points. Therefore, it can be concluded that there is some 

form of dilution and or oxidation with respect to uranium concentration downstream.   

   As discussed by J&W (2017), the artificially enhanced wetland downstream of the 

plant and upstream of the Peter Wright Dam is a current contributor to the uranium 

concentrations and uranium load in the Kleinwes Rietspruit. Therefore, once 

pumping from underground ceases the concentration of uranium in the Peter Wright 

Dam is expected to increase due to the dilution effect of the underground discharge 

water being removed. Therefore the impact of the water discharged may change 

from having a positive impact (dilution effect) to having a negative impact in terms 

of concentration, but not load. However, as discussed previously, Sibanye has 

made an application to the relevant authorities in 2016 to rehabilitate the 

aforementioned wetland area and therefore, with mitigation, the impact will not be 

as severe. In addition, the Peter Wright Dam will also not be allowed to spill more 

than 1:50 years. 

   Due to no pre-pumping water quality data being available, the impact on the water 

quality with regard to pH, TDS, sodium, chloride and sulphates cannot be 

accurately predicted. Currently the discharge water quality largely defines the water 

quality in the Kleinwes Rietspruit. Therefore, the impact on water quality, with 

respect to these constituents cannot be accurately predicted for the scenario when 

pumping ceases. However, it is expected that the water quality will improve with 

respect to the sulphate concentrations and therefore TDS.  

   Downstream anthropogenic impacts, such as discharges from the Ennerdale 

WWTW, the Sebokeng WWTW and runoff from urban areas, may result in a 

decrease in water quality as the water will no longer be diluted by the discharge 

water from EMC.  
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Table 5-3 Potential Impacts and Ratings on the wetlands, within the AoI along the Kleinwes Rietspruit, associated with the cessation of pumping at 

Sibanye Gold EMC Operations 

 

Aspect Impact Mitigation/Monitoring Measures Current Present 

Ecological State 

(PES) 

Criteria  Rating prior to 

mitigation 

(Additional 

Impact) 

Rating post 

mitigation 

(Residual 

impact) 

Certainty 

of rating 

Hydrology Driver  Negative Impact 

Change in extent and 

wetness regime of 

downstream wetlands – 

potential loss of wetlands 

- No mitigation in terms of flow 

- Annual monitoring of the PES, EIS and 

Ecosystem Services of downstream 

wetlands 

Kleinwes Rietspruit – 

E Seriously modified 

(DWS, 2014); 

Hydrology Driver F 

Critically Modified 

(NSS, 2014)
4
 

Significance  3 Moderate 

(Negative) 

  Possible 

Spatial 4  

Temporal 4  

Probability 3  

Ecology Driver  Negative Impact 

Change from perennial and 

fast flowing to non-perennial 

with periods of no flow – 

Change in aquatic species 

composition 

- No mitigation in terms of flow 

- Bi-Annual Aquatic Bio-Monitoring 

Kleinwes Rietspruit – 

E Seriously modified 

(DWS, 2014); 

Vegetation Driver F 

Critically Modified 

(NSS, 2014) 

Significance  3 Moderate 

(negative) 

  Possible 

Spatial 4  

Temporal 4  

Probability 4  

Ecology Driver Negative Impact 

Change in vegetation 

structure and composition 

(secondary impacts 

discussed under 

geomorphology and water 

quality) 

- No mitigation in terms of flow.  

- Quarterly Photographic sampling at 

select points downstream for a change in 

vegetation and erosion features– 

Implement the required management 

measures if required 

 

Significance  2 Moderate 

(Negative) 

  Possible 

Spatial 4  

Temporal 4  

Probability 3  

Ecology Driver Positive Impact 

Change in flow conditions 

could have a negative impact 

on the alien fish species 

present in the system 

- No mitigation required 

- Bi-Annual Aquatic Bio-Monitoring 

Significance  3 Moderate 

(positive) 

  Unsure 

Spatial 4  

Temporal 4  

Probability 3  

                                                
4
 NSS (2014) study included the portion of the Kleinwes Rietpsuit within the EMC boundary only 
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Aspect Impact Mitigation/Monitoring Measures Current Present 

Ecological State 

(PES) 

Criteria  Rating prior to 

mitigation 

(Additional 

Impact) 

Rating post 

mitigation 

(Residual 

impact) 

Certainty 

of rating 

Geomorphology 

Driver / Water 

Quality Driver 

Negative Impact 

Change in plant species 

composition and structure 

may lead to exposed areas 

and a resultant increase in 

erosion and release of 

contaminated sediment 

stabilised by vegetation. This 

would result in a number of 

secondary impacts on the 

wetland geometry and the 

organisms utilising the 

wetland. 

- No mitigation in terms of flow 

- Analyse the sediments downstream of 

the Peter Wight Dam, specifically for 

Uranium 

- Monitor the quality of the uranium in the 

downstream sediments 

- Quarterly Photographic sampling at 

select points downstream for a change in 

vegetation and erosion features – 

Implement the required management 

measures if required 

- Implementation of alternative measures, 

for example alternative phytoremediation 

options, bioremediation, soil washing etc. 

- Rehabilitation of the Uranium 

contaminated wetlands (Sibanye has 

submitted an application to relevant 

authorities) 

Kleinwes Rietspruit – 

E Seriously modified 

(DWS, 2014); 

Geomorphology 

Driver - E Seriously 

modified (NSS, 2014) 

Significance  4 Moderate 

(negative) 

3 Low 

(negative) 

Possible 

Spatial 4 4 

Temporal 4 4 

Probability 3 2 

Water Quality 

Driver 

Negative Impact 

Increase in the Uranium 

concentration due to 

decreased dilution effect 

- No mitigation in terms of flow 

- Surface water quality monitoring (J&W, 

2017) 

- Rehabilitation of the Uranium 

contaminated wetlands (Sibanye has 

submitted an application to relevant 

authorities) 

 Significance  3 High 

(negative) 

2 Moderate 

(negative) 

Possible 

Spatial 4 4 

Temporal 5 5 

Probability 5 4 
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6. Leeuspruit East 
 

6.1. Wetland Classification 

The wetland systems identified within the AoI of the Leeuspruit East are discussed below 

and summarised in Table 6-1. The system within the EMC boundary and up to SDGM are 

non-perennial in nature, whilst after SDGM the system is perennial in nature: 

   River. The Leeuspruit East in the vicinity of the EMC, is non-perennial in nature, 

however water and effluent was historically pumped into this system (prior to 2013). 

   Un-channelled valley bottom systems (Figure 6-1) are characterised by their 

location on valley floors, an absence of distinct channel banks and the prevalence 

of diffuse flows. These unchannelled systems were identified within the EMC 

boundary and up to SDGM. 

   Channelled valley bottom system (Figure 6-1). The system is mainly channelled in 

nature from the SDGM to downstream of the confluence with the AoI 

(approximately 10 km downstream of the confluence with the Kariegaspruit), with 

patches of unchannelled wetland HGM units identified.  

 

Table 6-1 Wetland Classification – Leeuspruit East 

WETLAND 
NAME 

L1 L2 L3 
L4 L5 L6 

System 

DWA 
Eco 

Regions 
NFEPA 
WetVeg 

Land-
scape 
Unit 

HGM Unit Flow 
Regime 

Natural vs 
Artificial 

Leeuspruit Inland 11.01 
Central 
Bushveld 
Group 1 

Valley 
Floor 

Unchannelled 
Valley 
Bottom 
 
 
Channelled 
Valley 
Bottom 

 
Seasonally 
saturated 
 
 
 
Permanently 
saturated 
(artificially) 
 
 

 
Natural 
 
 
 
 
Natural 
 
 

 

 

Unchannelled Valley Bottom wetland (within EMC 

boundaries) 

 

Unchannelled Valley Bottom wetlands 

(downstream of SDGM) 
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Unchannelled Valley Bottom wetland (upstream of SDGM, channelled prior to entering mine 

Figure 6-1 Wetland HGM units identified along the Leeuspruit East 

 

6.2. Current State 

6.2.1 Present Ecological State 

In accordance with the DWS study (DWS, 2014) the Leeuspruit scored a Moderate for ES 

and a Moderate for EI. The overall scores of the systems of the NSS (2014) study showed 

that the Leeuspruit, within the vicinity of EMC is Seriously Modified (E) and Critically 

Modified downstream of SDGM (NSS, 2010).  

 

The main impacts on the Leeuspruit, in the vicinity of the EMC and SDGM are summarised 

below, with photographic examples highlighted in Figure 6-2: 

   Currently no water is pumped from EMC into the Leeuspruit East. Prior to 2013, 

approximately 10 Mℓ/day was pumped into the Leeuspruit East. Since 2013, no 

discharging of underground water has occurred down the Leeuspruit East, with the 

exception of some water that was discharged for Bambanani Fruits and, in 2016, 

some water was discharged for South Deep Gold Mine (SDGM). 

   A change in the seasonality of the downstream wetlands. It is expected that the 

downstream cave, which is situated in-stream, was in fact a spring prior to the 

groundwater levels dropping due to mine dewatering. This assumption is based on 

historical records which showed how the water levels within the cave used to 

fluctuate, often reaching the surface. The permanent lowering of groundwater 

tables is known to have a detrimental effect on non-perennial systems, including 

the associated riparian vegetation (Rossouw, 2011). 

   In the vicinity of SDGM, large volumes of stormwater, effluent and sewage 

historically entered the system. SDGM has improved the stormwater management 

on site with the storm water from sections on the site now being diverted to the 

RWD.  

   Siltation of wetlands due to the deposition or erosion of tailings into the system both 

by the EMC and SDGM. As discussed under the Kleinwes Rietspruit, tailings 

deposits were identified both within the Leeuspruit East and Kleinwes Rietspruit in 

the vicinity of the EMC. Unlike the Kleinwes Rietspruit, the Leeuspruit East does not 
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have a large dam facility downstream in which the sediments are trapped. 

Extensive sediment deposition was identified trapped within the wetlands itself by 

the Phragmites and Typha reed beds. Although mono specific and invasive, these 

dense stands of Phragmites play an important role in assimilating pollutants and 

purifying influent water (Coetzee, 2003).  

   Poor water quality within the system. AED undertook the surface water quality 

sampling for SDGM, and of the various systems assessed the Leeuspruit East has 

the highest contamination levels, with high levels of uranium, sulphates and nickel 

identified. The impacts of these elevated constituents on the aquatic ecology are 

discussed in Table 5-2. The J&W (2017) report highlights that uranium is the key 

constituent of concern in the water quality of the Leeuspruit East. Uranium 

concentrations are high at all the monitoring points, from the discharge point to 

downstream of SDGM, constantly being in excess of the specified limits. The 

uranium concentration, of the discharge water from EMC, is however worse than 

that of the downstream water, however it should be noted that sampling point L1 is 

not an in-stream monitoring point and since limited water has been discharged by 

EMC into the Leeupsruit, this represents a process flow rather than the quality of 

water being released into the Leeuspruit on a regular basis. The overall water 

quality downstream of SDGM is worse than at the discharge point, which implies 

that there are additional downstream influences on the quality of the water in the 

Leeuspruit.  

   Numerous erosion gullies and man-made trenches. 

   Extensive stands of Black Wattle, Poplar and Eucalyptus trees within the wetlands 

and catchments. 

   A sediment sample was taken by NSS (NSS, 2014) from the Leeuspruit East 

wetlands in the EMC boundary (Table 6-2). The findings of the NSS assessment 

(NSS, 2014) are summarised below. 

 

Currently, no sediment quality guidelines (SQGs) exist for freshwaters in South 

Africa. Therefore, the shaded values in Table 6-2 indicate any increased 

concentrations compared to the available international SQGs. International 

guideline values were only available for selected metal concentrations. The metals 

where no guideline values were available were boron, aluminium, titanium, 

vanadium, iron, strontium and gold. Many of these metals like aluminium and iron 

are found at high concentrations in the natural geology and as such often occur in 

high concentrations in the sediment. Liefferink (2015) did indicated additional world 

average concentrations for some of these metals that could be used as a baseline 

for future studies.  

 

The sediment metal results, for the metal concentrations that do have guideline 

values, indicated that twelve metals were above the guideline values during the 

current assessment. These were chromium, manganese, cobalt, nickel, copper, 
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zinc, arsenic, selenium, molybdenum, silver, lead and uranium. Uranium is a 

potentially toxic metal for both humans and animals. Uranium is found naturally in 

soil in amounts that vary over a wide range, but the typical concentration is 3 mg/kg 

(ppm) (US Department of Health, 1999). Therefore, the concentration of all metals 

in the sediments  of the Leeuspruit that exceeded guideline values should be the 

subject of further studies and monitoring to identify trends and potential hotspots 

that might be of concern. However, it is recommended that these concentrations be 

confirmed as it is based on a once-off sampling survey. 

 

Table 6-2 Metal concentrations in the sediment of the Leeuspruit 

Constituents Chemical symbol  Unit Guideline Value* CS3 

    HF2014 

Salts     

Sodium Na mg/kg n/a 306 

Magnesium Mg mg/kg n/a 2906 

Potassium K mg/kg n/a 7261 

Calcium Ca mg/kg n/a 6000 

Phosphorous P mg/kg n/a 1530 

Metals     

Boron B mg/kg n/a <4.00 

Aluminium Al mg/kg 84700# 71200 

Titanium Ti mg/kg 130# 910 

Vanadium V mg/kg 413# 79 

Chromium Cr mg/kg 26 225 

Manganese Mn mg/kg 460 5600 

Iron Fe mg/kg n/a 148 

Cobalt Co mg/kg 20 1021 

Nickel Ni mg/kg 18 1890 

Copper Cu mg/kg 16 337 

Zinc Zn mg/kg 200 2479 

Arsenic As mg/kg 5.9 329 

Selenium Se mg/kg 0.08 436 

Strontium Sr mg/kg n/a 61 

Molybdenum Mo mg/kg 10 12 

Silver Ag mg/kg 1 5.99 

Cadmium Cd mg/kg 0.57 <4.00 

Gold Au mg/kg n/a <4.00 

Lead Pb mg/kg 35 458 

Uranium U mg/kg 2.5 972 

n/a – not available; *Guideline values derived from Australia-New Zealand (ANZECC, 2000), Netherlands 

(Friday, 1998) and Canada (Friday, 1998; Hamilton, 2004; Sheppard et al. 2005);# World average concentration 

from Liefferink (2015). 

Constituents shaded in blue exceeded the guideline concentrations; 
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Water quality contamination 
 

Discharge of effluent 

  

Erosion 

 

Tailings deposited within reed beds - Leeuspruit 

 

Salt build-up in the sediment of the Leeuspruit 

Figure 6-2 Current impacts within the Leeuspruit East 

 

6.2.2 Ecological Importance and Sensitivity 

In accordance with a recent study by the DWS (2014) on the PES, Ecological Importance 

(EI) and Ecological Sensitivity (ES) per Sub Quaternary Reaches for Secondary Catchments 

in South Africa, the Leeuspruit scored a Moderate for ES and a Moderate for EI for the 

Leeuspruit.  
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The NSS investigation at EMC (NSS, 2014) showed that the Leeuspruit, Unchannelled 

valley bottom system, scored a Moderate Importance (C) EIS. The main reason for the 

scoring of the Leeuspruit East was the presence of the Declining forb species (Hypoxis 

hemerocallidea) and the sensitivity of the non-perennial system to a changing hydrological 

regime. The sensitivity of this system is evident in the lowering of the groundwater table and 

the presumed drying up of the spring immediately downstream of the EMC study area.  

 

The study undertaken by NSS for the SDGM section of the Leeuspruit East showed a Very 

High rating for the EIS and the hydrological/functional and importance and a Low/marginal 

rating for direct human benefits. The Very High rating of the EIS for this section is mainly 

due to the CI floral and faunal species identified along this system. The feathers and pellets 

of the African Grass Owl were found in Imperata-dominated grassland along the Leeuspruit 

East within and downstream of the SDGM boundary. Although NSS has not detected the 

Marsh Sylph within the AoI, its larval host plant, Leersia hexandra, is common in the 

Paspalum urvillei - Juncus Wetland Community in the SDGM and is also known to occur in 

the greater region of the AoI (Mecenero et al. 2013). The Very High rating of the 

hydrological/functional importance is the opportunity provided to the wetland to provide 

these services based on the disturbances on site and contamination of water. 

 

6.2.3 Ecosystem Services 

The main services provided by the Leeuspruit East (NSS, 2010; NSS, 2014) included 

sediment and phosphate trapping, nitrate and toxicant removal (all scoring within the high 

range). The other services scoring within the moderately high range included flood 

attenuation, stream flow regulation, and erosion control. Although the wetland does not 

score high for the effectiveness of providing these flood attenuation and enhancement of 

water quality services, excluding erosion control, it does score high for the opportunity to 

provide the services for sediment and phosphate trapping and nitrate and toxicant removal. 

The high score for this opportunity is based on the level of disturbance within the wetland 

and its associated catchment. In terms of effectiveness, the wetland scores high for erosion 

control. In terms of biodiversity the Leeuspruit scored a Moderately High for the 

noteworthiness, mainly due to the cave immediately downstream of the EMC and the 

presence of the Declining species (Hypoxis hemerocallidea) within the EMC boundary and 

the CI floral and faunal species associated with the SDGM and downstream of this mine.  

 

6.3. Potential Impacts 

Any impacts on the downstream Leeuspruit East, after pumping ceased in 2013, have 

already likely occurred. As this was a desktop investigation these impacts could not be 

verified. The study undertaken by NSS for SDGM and EMC were both after pumping 

ceased. The wetlands identified to be the most sensitive within the AoI are those 

downstream of the SDGM. The sensitivity is due to the wetland dependant CI faunal species 

identified utilising this wetland habitat (Section 6.2.2). These species were identified by the 

NSS in the 2014 assessment after the pumping had ceased. 
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As with the Kleinwes Rietpsruit one of the most significant impacts is the deposition of 

tailings sediment within the wetlands within the EMC and downstream of the tailings facilities 

at SDGM. The impacts associated with leaching of salts and metals from this sediment are 

the same as in the Kleinwes Rietspruit and are discussed in Section 5.3.2, with the biggest 

difference being the contamination levels within the sediments of the Leeuspruit are known 

and are heavily contaminated. Based on EMC not pumping into the Leeuspruit East in 

recent years this project (i.e. the closure of the underground workings and the cessation of 

pumping from EMC underground) will have no additional impacts, than what has already 

occurred, on the Leeuspruit East.  EMC may still impact on the surface water quality due to 

the contaminated sediment, however this will not be assessed as part of the impact of this 

project. This is due to the fact that pumping to the Leeuspruit East ceased over 4 years ago 

and will therefore not be impacted by the closure of the underground workings. 

 

7. Wonderfonteinspruit 
 

7.1. Wetland Classification 

The wetland systems identified within the AoI of the Wonderfonteinspruit (WFS) are 

discussed below and summarised in Table 7-1. The WFS flows through a dolomitic karstic 

aquifer partitioned by syenite dykes forming large compartments; in pre-mining years these 

dykes gave rise to a number of springs that were used for farming (Swart et al. 2003a; 

Winde 2010b). One of these springs being the Gemsbokfontein Eye. The spruit is then 

channelled with inflow of water into a pipeline just downstream of Donaldson Dam and the 

outflow of the pipeline lies close to Carletonville, 32 km downstream. From here the piped 

water enters canals which then enter a major dam network. The Donaldson Dam (positioned 

within the Upper Wonderfonteinspruit) forms the upstream boundary of the Lower 

Wonderfonteinspruit (Swart et al. 2003a). In terms of HGM units the following apply: 

 

   Un-channelled valley bottom systems (Figure 7-1) are characterised by their 

location on valley floors, an absence of distinct channel banks and the prevalence 

of diffuse flows. These unchannelled systems were identified along the WFS and 

are predicted to be the typical HGM unit before the system was piped. 

   Channelled valley bottom system (Figure 7-1). A section of the WFS before the 

Gemsbokfontein Eye is seen as a channelled system.  

   Artificial Systems: At the piped discharge point, the WFS is then artificially 

channelled into a series of dams within the Abe Bailey Nature Reserve (Figure 

7-1). 
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Table 7-1 Wetland Classification – Wonderfonteinspruit 

WETLAND NAME 

L1 L2 L3 
L4 L5 L6 

System 

DWA 
Eco 

Regions 
NFEPA 
WetVeg 

Land-
scape 
Unit 

HGM Unit Flow 
Regime 

Natural vs 
Artificial 

Wonderfonteinspruit Inland 11.01 

Dry 
Highveld 
Grassland 
– Group 5 

Valley 
Floor 

Unchannelled 
Valley 
Bottom 
 
 
Channelled 
Valley 
Bottom 
 
Seep 

 
 
N/A 
 
 
 
N/A 
 
 
 
Without 
Channelled 
Outflow 
 

 
N/A 
 
 
 
 
N/A 
 
 
 
N/A 

*Note: A 32 km stretch is contained within a 1m pipe and no longer inputting into the system 

 

  
Gemsbokfontein Eye  (unchannelled valley bottom) Channelled Valley Bottom 

  

Artificial Canal – After pipe discharge Artificial  Canal – After pipe discharge – vlei on banks 

Figure 7-1 Wetland HGM units identified along the Wonderfonteinspruit 

 

7.2. Current State 

 

7.2.1 Present Ecological State 

In accordance with the DWS study (DWS, 2014) the Wonderfonteinspruit scored a Moderate 

to Low for ES depending on the reach (see Table 7-2) and a Moderate for EI before the 
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system enters the pipe. The overall scores within the NSS (2014) study showed that the 

Wonderfonteinspruit from Donaldson Dam (C23D-01365 and C23D-01384 reaches) scored 

an E in Hydrology, a D for Geomorphology and a C for Vegetation.  

 

According to Liefferink (2015), the Ecological Category for the Wonderfonteinspruit through 

the diatom assessment is D/E. Considering the wide range of impacts within the 

Wonderfonteinspruit, the EC of a class D was calculated in the Liefferink (2015) study using 

MIRAI (Macro Invertebrate Rapid Assessment Index). This class indicates that the 

Wonderfonteinspruit is largely modified which corresponds with the results obtained for 

diatoms. MIRAI forms part of the ecological classification process which aims to determine 

and categorise the Present Ecological State (PES) of several biophysical attributes as 

compared to natural or near natural reference conditions (Thirion 2008). 

 

Table 7-2 DWS Present Ecological State – Wonderfonteinspruit (WFS) (DWS 2014) 

SQ REACH PES CATEGORY 
MEDIAN 

MEAN EI CLASS MEAN ES CLASS LENGTH km  STREAM 
ORDER 

DEFAULT EC 
* 

C23D-
01313 

E MODERATE LOW 28.6 1 C 

C23E-
01368 

E LOW LOW 12.8 2.0 D 

C23D-
01365 

C MODERATE MODERATE 4.0 2.0 C 

C23D-
01384 

E LOW LOW 19.0 2.0 D 

 
 

The main impacts on the WFS are (Figure 7-2): 

   Extensive underground mining in the region, which has reduced the local 

groundwater level, created numerous sinkholes, and likely caused a long-term 

reduction in the flow of systems. 

   Piping the system for 32 km which has completely changed the dynamics of the 

system. 

   Poor water quality within the system. The quality of the WFS water is severely 

impacted by mining effluents. These effluents result in increased sediment loads 

containing dissolved pollutants such as metals and sulphates (Hamman 2012). 

Coetzee et al. (2006) estimated that some 24 t of dissolved uranium was released 

into the environment from the tailings alone. Windblown dust and storm-water 
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runoff from tailings can also cause pollution as well as release of pollutants from the 

tailings used to fill the over 1 000 sinkholes caused by dewatering (Coetzee et al. 

2006). The metals entering the Wonderfonteinspruit are likely to be adsorbed onto 

streambed sediments due to the more alkaline pH of the river water caused by the 

buffering capacity of the dolomitic aquifer; furthermore, it is possible that mines are 

using lime dosing to treat the AMD effluent (Hamman 2012). According to J&W 

(2016), the water quality of several constituents along the WFS are as follows: 

o pH generally slightly high but still within the limits specified in the WUL and in 

SANS 241.  

o TDS concentrations generally lie within the limits specified in SANS 241, 

however the values show an upwards trend in the TDS levels over the last 

two years with the values exceeding the WUL limits.  

o Sodium concentrations are generally in excess of the WUL and the South 

African Water Quality Guidelines for Agricultural Use.  

o For sulphates, at monitoring points along the WFS, the concentrations 

generally fall within the specified SANS 241 and WUL limits, with several 

exceptions.  

o Chloride were found to oscillate around the WUL limits and lie within the 

SANS 241 and South African Water Quality Guidelines for Agricultural Use 

document limits.  

o Uranium concentrations are often higher than the specified limits at the WFS 

monitoring points. However, the average uranium concentrations are not as 

high as in the Leeuspruit or Klein Wes Rietspruit. High uranium levels 

specifically in the Low Flow season was further supported by Liefferink 

(2015). 

o The result of sewage discharges within the WFS have also recently been 

highlighted as a major contributor to poor water quality in the WFS (Liefferink, 

2015). 

 

The impacts of these elevated constituents on the aquatic ecology are discussed in 

Table 5-2.  

 

   Polluted sediments – focussing on just below Donaldson Dam and below the 

discharge point from the pipeline. According to Liefferink (2015), high and low flow 

sediments were found to be polluted with uranium, cobalt and nickel. As the 

sediment is the ultimate sink for metals it can pose one of the greatest threats to 

the aquatic ecosystem and subsequently to human activities (Wepener and 

Vermeulen 2005). Thus elevated metal concentrations within the sediment of the 

Wonderfonteinspruit pose high risks to users of the Wonderfonteinspruit due to their 

potential adverse impacts on water quality and fish edibility. 

   Deterioration in Fish Health – specifically within Donaldson Dam and potentially 

downstream of the discharge point. Liefferink (2015) study indicated that the fish 
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Health Assessment Index (HAI) was not, through there sampling effort, indicative of 

a polluted state; however, the Gonadosomatic index (GSI) values and visual 

observation of the gonads of fish sampled, indicated possible water quality issues. 

The elevated levels of arsenic within fish muscle indicate that the water and/or 

sediment quality within the Donaldson Dam is less than ideal.   

  

Figure 7-2 Current impacts within the WFS – Piping water from Gemsbokfontein Eye to 

Abe Bailey  

 

7.2.2 Ecological Importance and Sensitivity 

In accordance with the DWS (2014) study the WFS scored a Moderate for ES and a 

Moderate EI upstream of the entry to the pipe and a Low ES and Low EI for just at the 

discharge point. On a national level, the WFS and associated wetlands within the AoI have 

been classified under the NFEPA as an Up Stream Management Area. On a provincial level, 

the Gauteng C-Plan (C-Plan v3.3) has identified both ESA’s and Important Area along the 

system (Figure 5-6).  

 

The NSS investigation (NSS, 2014) showed that the WFS scored a Moderate Importance 

(C) EIS. Moderate wetlands are considered to be ecologically important and sensitive on a 

provincial or local scale.   

 

7.2.3 Ecosystem Services 

The reaches of the WFS from Donaldson Dam (C23D-01365 and C23D-01384 reaches) 

scored High for the provision of natural resources, for example the gold obtained from the 

illegal gold mining, sand mining, harvesting of reeds etc. The services scoring Moderately 

High included: stream flow regulation (mainly due to the extensive Phragmites reed beds in 

the northern portion of the system - Donaldson Dam); maintenance of biodiversity (mainly 

due to the habitat provided for African Marsh-harrier and the presence of the threatened 

Eastern Temperate Freshwater Wetland in the north); and the cultivation of foods 

(subsistence farming in the wetlands and associated buffers in the north). 

 

According to Liefferink (2015), the Donaldson Dam also provides an economic and 

recreational benefit. It is used for trophy, subsistence and recreational fishing. The dam is 
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also used as a recreational area. Community members in the area make use of the Dam for 

a large variety of activities such as spiritual rituals, drinking, washing, recreation, watering of 

cattle etc. 

 

7.3. Potential Impacts 

 

The potential impacts on the Wonderfonteinspruit, after pumping ceases at EMC, are 

discussed below under the main wetland drivers and presented in Table 7-3. Note: The 

impacts on the hydrology and water quality drivers have been based on the J&W surface 

water report (J&W, 2017). 

 

According to J&W (2017), flow from the Gemsbokfontein eye will be in the region of 

12.8Ml/day, when steady state is reached, approximately 15 years after pumping has 

ceased. During the 15 year period a number of external influences may result in flows in the 

WFS either increasing or decreasing. These include: 

 Urbanisation, which could increase the flow of water in the WFS 

 The WRTRP, which is a Sibanye project that is expected to remove approximately 

35 ML/day from the Wonderfonteinspruit which would negate the effect that the flow 

at the Eye would have on the flows in the pipeline. 

 The closure of various mines and shafts and subsequently the cessation of pumping 

into the WFS, thus reducing the flow in the WFS.  

 The management of Luipaardsvlei and Donaldson Dam, in terms of their peak flow 

attenuation capacities and effects on the flow rates in the WFS system. 

 

It has been highlighted by J&W (2017) that there is a potential for water from the 

Gemsbokfontein Eye to exceed the pipeline capacity and enter the Venterspost 

compartment through existing sinkholes, therefore not influencing the flow of water in the 

WFS. This may result in the potential rewatering of Sibanye’s Kloof mine workings, which 

Sibanye already pumps. The uncertainty associated with this risk is due to the timeframes 

associated with water flowing at the Eye and the external influences on the flow in the WFS 

which are dynamic and will change with time. 

 

7.3.1 Resource Quality Objectives (RQO) 

The Resource Quality Objectives (RQO) for the Upper Vaal River catchment was published 

in the Government Gazette in April 2016. The EMC will impact on two resource units: the 

Rietspruit catchment, Leeuspruit and Kleinwes Rietspruit are part of this catchment; and the 

WFS (or Mooirivierloop catchment).  

   River Quantity RQOs: No river quantity RQOs were set for the WFS. Therefore 

the increased water that would flow into the spruit will not impact on RQOs for 

water quantity. 

   Water Quality RQOs: There are numerous water quality RQOs that have been set. 

These include three main categories – nutrients, system variables and metal 
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concentrations. The water quality RQOs for the following constituents are as 

follows:  

o electrical conductivity < 111mS/m.  

o phosphate <  0.125 mg/L  

o nitrates/nitrites <  4 mg/L.  

o fluoride < 3.0 mg/L; aluminium < 150 µg/l;    

o arsenic < 130 µg/L;  

o cadmium (hard) < 5 µg/L;  

o chromium (VI) < 200 µg/L;  

o copper (hard) < 8.0 µg/L;  

o mercury < 1.7 µg/L;  

o manganese < 1300 µg/L;  

o lead (hard) < 13.00 µg/L;  

o selenium < 30 µg/L;  

o zinc < 36 µg/L;  

o chlorine < 5.0 µg/L;  

o Endosulfan < 0.2 µg/L and  

o Atrazine < 100 µg/L.  

o Uranium (U) is set at < 15 µg/L.  

 

   Aquatic Ecology RQOs: The aquatic ecology RQO for the ecosystem components 

have been set at an Ecological Category of D (> 42) for instream habitat, the 

macroinvertebrate community and the fish community. The overall ecological 

categories for the WFS have also been set at a D category. 

 

7.3.2 Predicted Water Quality from the Gemsbokfontein Eye  

The Gemsbokfontein Eye is where the water from the underground void will flow after 

approximately 7 years, with steady state reached in 15 years. This flow will then be piped 32 

km westward in the existing pipeline (1 m pipeline) and discharged into a canal system 

which will then enter a series of dams in the Abe Bailey Nature Reserve. Any water that 

does not flow into the piped system, due to capacity, has the potential to enter into the 

Venterspost Compartment through existing sinkholes. The calculations for the predicted 

water quality indicate that the quality will be as follows: 

   pH = 6 

   EC = 15 mS/m 

   TDS = 120 

   SO4 = 40 

   Na = 20 mg/l 

   Ca = 10 mg/l 

   Cl = 8 mg/l 

   Mg = 7 mg/l 

   U = 0.01 mg/l 
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However, this predicted water quality is expected to significantly improve (J&W, 2017) from 

the current water that is being discharged from the Ezulwini shaft into the Leeuspruit and the 

Kleinwes Rietspruit. No pre-urbanisation data is available for this area and as such it makes 

it almost impossible to predict the water quality that will be discharged.  

 

7.3.3 Impact on the Aquatic Ecology 

The potential impact of the increased flows within the Wonderfonteinspruit in future years is 

not expected to have a negative effect on the aquatic communities, if the currently predicted 

water quality is found to be correct at the relevant point in time. As it is already within a 

largely modified state (EC of D/E), the 14 % increase in water will not reduce the ecological 

category. However, that will only be the case if the predicted water quality was found to be 

correct. If the predicted water quality was to be worse than expected, this could then 

potentially affect the aquatic ecology. The exact impact of this will depend on what the water 

quality from the Gemsbokfontein Eye will be. Any negative impacts associated with the 

increased water quantity will be mitigated by the numerous impoundments within the WFS 

and the Mooi River further downstream.  

 

7.3.4 Impact on Terrestrial Ecology 

As discussed above, flow will occur at Gemsbokfontein Eye after 7 years, with the steady 

state being reached after 15 years, the water will be piped 32 km westward in the existing 

pipeline and discharged into a canal system which will then enter a series of dams in the 

Abe Bailey Nature Reserve. The increase in water volumes into these series of dams is not 

seen as a major impact on the terrestrial biodiversity. The below imagery (Figure 7-3) 

shows the change in water levels downstream of the discharge point over a 10 year period. 

Water levels have risen but have displaced agricultural or past agricultural areas. The more 

natural habitat to the north is more elevated and has stayed intact. It is predicted that the 

increase in volume into these dams will further displace more transformed land to the east, 

with limited natural vegetation displacement. 

 

Over the same 10 year period, the main dam further downstream has remained the same in 

extent and therefore, it is predicted that this dam will not displace natural vegetation (Figure 

7-4).   

 

As the discharge point enters the Abe Bailey Nature reserve it is important that the natural 

and artificial habitats remain. Even though these large waterbodies are artificially fed by all 

the upstream inputs, they are important for both resident and migrant avifauna. Abe Bailey is 

known for its excellent viewing of both grassland and wetland birds and as a list of the more 

than 250 bird species. This Reserve is also recognised by GDARD’s C-Plan and an 

Important CBA (Critical Biodiversity Area). 
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Aerial Image 2004 

 

Aerial Image 2009 

 

Aerial Image 2015 

Figure 7-3 Water Distribution with changes in water inputs 
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Aerial Image 2004 Aerial Image 2015 

Figure 7-4 Water Distribution changes within downstream dams 
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Table 7-3 Potential Impacts and Ratings on the wetlands, within the AoI along the Wonderfonteinspruit, associated with the cessation of pumping at 

Sibanye Gold EMC Operations 

 

Aspect Impact Mitigation/Monitoring Measures Current Present 

Ecological State 

(PES) 

Criteria  Rating prior to 

mitigation 

(Additional 

Impact) 

Rating post 

mitigation 

(Residual 

impact) 

Certainty 

of rating 

Hydrology Driver  

 

Positive Impact 

Increase in flow – returning 

flow from the 

Gemsbokfontein Eye to the 

Wonderfonteinspruit 

- No mitigation in terms of flow 

- Annual monitoring of the PES, EIS and 

Ecosystem Services of downstream 

wetlands for a period of 3 years after 

steady state is reached 

- Quarterly Photographic sampling at 

select points downstream for a change in 

erosion features– Implement the required 

management measures if required 

Wonderfonteinspruit – 

D/E largely to 

Seriously Modified 

Diatoms; D Largely 

Modified MIRAI - 

Liefferink (2015); 

Significance  2 Moderate 

(positive) 

  Probable 

Spatial 4  

Temporal 4  

Probability 4  

Ecology Driver  Negative Impact 

Change in aquatic species 

composition due to change in 

flow 

- No mitigation in terms of flow 

- Bi-Annual Aquatic Bio-Monitoring 

Significance  2 Low 

(negative) 

  Possible 

Spatial 4  

Temporal 4  

Probability 2  

Water Quality 

Driver 

Positive Impact 

Improvement in water quality 

due to the increased dilution 

effect – assuming predicted 

water qualities are accurate 

- No mitigation required 

- Surface water quality monitoring (J&W, 

2017) 

 

Significance  3 Moderate 

(positive) 

  Possible 

Spatial 4  

Temporal 4  

Probability 4  
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8. Monitoring Measures 
 

8.1. Wetland & Aquatic Monitoring 

It is recommended that the PES, EIS and ecosystem services of the systems continue to be 

monitored annually for a period of 3 years at select sampling points on the Kleinwes 

Rietspruit. The monitoring of the Wonderfonteinspruit will need to continue for 3 years after 

steady state has been reached. Sampling points need to be established and assessed prior 

to pumping ceasing.  

 

Biomonitoring is currently undertaken along the Leeuspruit East by SDGM, it is 

recommended that bio-monitoring on this system continues. Biomonitoring has been 

undertaken by the EMC since 2016 along the Kleinwes Rietpsruit (Sibanye Gold , 2016; 

Sibanye Gold, 2017). NSS recommends that the bi-annual monitoring continues. In addition 

to the current monitoring measures, NSS recommends that a taxa list of the 

macroinvertebrates sampled be included in the monitoring reports. The taxa list could 

provide valuable information on changes after the pumping ceases; and is therefore vital to 

include in the baseline information for future monitoring reports.  

 

8.2. Water Quality 

As per the J&W (2017) report, NSS recommends that the current surface water quality 

monitoring regime continues, after pumping stops, to evaluate the contribution the discharge 

water made to both contamination levels and the dilution effect and to continue monitoring 

the remaining infrastructure impacts on water quality. At the Gemsbokfontein Eye it is 

recommended that the water quality of the flow be sampled, together with groundwater 

monitoring. These water qualities should be compared to assess the impact of the water 

flow from the Gemsbokfontein Eye on the ground and surface water qualities in the 

Wonderfonteinspruit catchment.  

 

8.3. Sedimentation 

In addition to water quality monitoring it is recommended that sediment samples be taken 

and assessed. The quality of the sediment in the Kleinwes Rietspruit, downstream of the 

Peter Wright Dam needs to be analysed to determine the contamination levels, including the 

levels of uranium. If contaminated it is important that the existing vegetation is monitored as 

this vegetation is stabilising the sediment. If the vegetation dies back, alternative mitigation 

measures may need to be investigated to prevent the sediment from being transported 

further downstream (discussed below). The same vegetation monitoring must take place in 

the Leeuspruit East where it is known that the sediment samples taken by NSS (NSS, 2014) 

were contaminated (Table 6-2) and are currently being held in situ by the Phragmites reed 

beds. Upstream of the Peter Wright Dam, on the Kleinwes Rietspruit, large deposits of 

tailings are situated within the wetlands (Figure 5-4). These tailings are to be removed and 

placed on the existing tailings facilities, an application has been submitted to the relevant 
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authorities in this regard (2016). Without the removal of these tailings it is likely that the 

uranium level will remain the same or increase as the pumped water will no longer create a 

dilution effect. Settling ponds downstream of all contaminated areas to be installed to 

prevent contaminated sludge entering the wetland systems. These settling ponds are to be 

cleaned on a regular basis in order to maintain capacity, with the contaminated material 

disposed of in an appropriate manner. 

 

Additional management measures, that were discussed in the NSS (2014) assessment, to 

manage the existing tailings deposits in the wetland, are discussed again below: 

   Phytoremediation. There is an increasing emphasis on the uptake of heavy metals 

by selected plant species, but few studies have dealt specifically with uranium 

(Hossner et al, 1998). Very little information is also available on the accumulation of 

uranium in plants grown in uranium contaminated soils, with most of the studies 

assessing uranium contaminated water (Shahandeh and Hossner, 2002). It is 

advised that further studies are undertaken on the use of phytoremediation as a 

method for decontamination. Studies to be undertaken include: 

o An extensive literature review on the use of the specific plant species 

currently present at EMC in the phytoremediation of U and other 

contaminants present in the soil and water; 

o A literature review on the use of indigenous species to act as accumulators of 

U and other contaminants present; 

o Investigation into other possible plant species that can be used for 

phytoremediation should the seasonality of the wetland systems change after 

pumping ceases.  

o In-field studies on the presence of U in the roots, stems and leaves of the 

existing plant species at EMC. Root, stem and leaf samples of the 

macrophytes and stem core and leaf samples from the woody tree species 

present need to be sampled for the presence of U.  

   Bioremediation. Bioremediation has been viewed as the ecologically responsible 

alternative to environmentally destructive physical remediation (Prakash et al, 

2013). Further investigation is needed for the EMC site into the bioremediation 

options using anaerobic microbial communities. Studies have shown that 

stabilization of uranium and toxic metals in wastes is accomplished by exploiting 

the unique metabolic capabilities of the anaerobic bacterium, Clostridium sp 

(Francis, 2007). The radionuclides and toxic metals are solubilized by the bacteria 

directly by enzymatic reductive dissolution, or indirectly due to the production of 

organic acid metabolites. The radionuclides and toxic metals released into solution 

are immobilized by enzymatic reductive precipitation, bio-asorption and 

redistribution with stable mineral phases in the waste.  

 

AbdEl-Sabour et al (2007) also reviewed a process for concentrating uranium from 

contaminated soils in which the uranium is first extracted with bicarbonate and then 
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the extracted uranium is precipitated with U(VI)-reducing microorganisms was 

evaluated for a variety of uranium-contaminated soils. Bicarbonate (100 mM) 

extracted 20-94% of the uranium that was extracted with nitric acid. The U(VI)-

reducing microorganisms, Desulfovibrio desulfuricans reduced the U(VI) to U(IV) in 

the bicarbonate extracts. 

 

Further investigations, starting with a detailed desktop review, to be undertaken on 

the use of bioremediation at EMC. 

 

   Soil Washing. Investigate the possibility of soil washing in both the systems, 

particularly if the vegetation structure changes and the sediments are no longer 

held in situ. Virtually all soil-washing or soil-flushing systems are designed to treat 

soils where the majority of the contaminants are concentrated in the finer-grained 

materials (as is expected to be the case in the tailings in the Leeuspruit East) or on 

the surfaces of the larger soil particles (AbdEl-Sabour et al, 2007). Many soil-

washing processes are simply screening processes that separate the fine, 

contaminated particles from the bulk of the soil. The large particle fraction, which 

constitutes the bulk of many soils, is then clean and does not need further 

treatment before it can be placed back onsite. In the case of the Leeuspruit the 

material would need to be collected prior to the cave immediately downstream of 

the site. Often a reagent is used in the soil washing process, Mason et al (1997) 

indicated that efficiencies of 75-90% were achieved for the removal of uranium from 

contaminated soils (Ohio in USA) using 0.5 M sodium bicarbonate as the dominant 

reagent. Together with this, the soil can be also treated with natural or chemical 

products such as citric acid to increase the uranium uptake in the plants in the 

system (investigations into the success of this type of procedure will need to be 

conducted). 

 

Erosion was present along the Kleinwes Rietspruit. As the change in the hydrology of the 

system changes, the vegetation structure and composition is expected to change. This 

change in vegetation structure may result in times where vegetation cover is scarce and the 

system is more prone to erosion. Select photographic sampling points, along the system 

should be identified, prior to pumping stopping. Photographs should be taken quarterly, for a 

period of 3 years. Should evidence of erosion increase, the cause should be investigated 

and mitigation measures implemented if required. Mitigation measures could include 

seeding or the planting of vegetation sods to speed up the vegetation succession, or if more 

severe the use of gabion structures could be investigated.  
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10. Appendices 
 

10.1. Appendix A – Impact Assessment Methodology (J&W, 2017) 

In order to ensure uniformity, a standard impact assessment methodology will be utilised so 

that a wide range of impacts can be compared. The impact assessment methodology makes 

provision for the assessment of impacts against the following criteria: 

   Significance; 

   Spatial scale;  

   Temporal scale;  

   Probability; and  

   Degree of certainty. 
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A combined quantitative and qualitative methodology will be used to describe the impacts 

for each of the aforementioned assessment criteria. A summary of each of the qualitative 

descriptors along with the equivalent quantitative rating scale for each of the aforementioned 

criteria is given in Table 10-1. 

 

Table 10-1:  Quantitative rating and equivalent descriptors for the impact 
assessment criteria. 

RATING SIGNIFICANCE EXTENT SCALE TEMPORAL SCALE 

1 VERY LOW Isolated corridor / proposed 
corridor 

Incidental 

2 LOW Study area Short-term 

3 MODERATE Local Medium-term 

4 HIGH Regional / Provincial Long-term 

5 VERY HIGH Global / National Permanent 

A more detailed description of each of the assessment criteria is given in the following 

sections. 

 

10.1.1 Significance Assessment 

Significance rating (importance) of the associated impacts embraces the notion of extent 

and magnitude, but does not always clearly define these since their importance in the rating 

scale is very relative. For example, the magnitude (i.e. the size) of area affected by 

atmospheric pollution may be extremely large (1000km2) but the significance of this effect is 

dependent on the concentration or level of pollution. If the concentration is great, the 

significance of the impact would be HIGH or VERY HIGH, but if it is diluted it would be 

VERY LOW or LOW. Similarly, if 60 ha of a grassland type are destroyed the impact would 

be VERY HIGH if only 100 ha of that grassland type were known. The impact would be 

VERY LOW if the grassland type was common. A more detailed description of the impact 

significance rating scale is given in Table 10-2 below. 

 

Table 10-2:  Description of the significance rating scale. 

RATING DESCRIPTION 

5 VERY HIGH Of the highest order possible within the bounds of impacts which could 
occur. In the case of adverse impacts: there is no possible mitigation 
and/or remedial activity which could offset the impact. In the case of 
beneficial impacts, there is no real alternative to achieving this benefit. 

4 HIGH Impact is of substantial order within the bounds of impacts, which could 
occur. In the case of adverse impacts: mitigation and/or remedial activity 
is feasible but difficult, expensive, time-consuming or some combination of 
these. In the case of beneficial impacts, other means of achieving this 
benefit are feasible but they are more difficult, expensive, time-consuming 
or some combination of these. 

3 MODERATE Impact is real but not substantial in relation to other impacts, which might 
take effect within the bounds of those which could occur. In the case of 
adverse impacts: mitigation and/or remedial activity are both feasible and 
fairly easily possible. In the case of beneficial impacts: other means of 
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RATING DESCRIPTION 

achieving this benefit are about equal in time, cost, effort, etc. 

2 LOW Impact is of a low order and therefore likely to have little real effect. In the 
case of adverse impacts: mitigation and/or remedial activity is either easily 
achieved or little will be required, or both. In the case of beneficial 
impacts, alternative means for achieving this benefit are likely to be 
easier, cheaper, more effective, less time consuming, or some 
combination of these. 

1 VERY LOW Impact is negligible within the bounds of impacts which could occur. In the 
case of adverse impacts, almost no mitigation and/or remedial activity is 
needed, and any minor steps which might be needed are easy, cheap, 
and simple. In the case of beneficial impacts, alternative means are 
almost all likely to be better, in one or a number of ways, than this means 
of achieving the benefit. Three additional categories must also be used 
where relevant. They are in addition to the category represented on the 
scale, and if used, will replace the scale. 

0 NO IMPACT There is no impact at all - not even a very low impact on a party or system. 

 

10.1.2 Spatial Scale 

The spatial scale refers to the extent of the impact i.e. will the impact be felt at the local, 

regional, or global scale. The spatial assessment scale is described in more detail in Table 

10-3. 

 

Table 10-3:  Description of the spatial rating scale. 

RATING DESCRIPTION 

5 Global/National The maximum extent of any impact.  

4 Regional/Provincial The spatial scale is moderate within the bounds of impacts 
possible, and will be felt at a regional scale (District Municipality 
to Provincial Level). The impact will affect an area up to 50km 
from the proposed site / corridor. 

3 Local The impact will affect an area up to 5km from the proposed route 
corridor / site. 

2 Study Area The impact will affect a route corridor not exceeding the boundary 
of the corridor / site. 

1 Isolated Sites / 
proposed site 

The impact will affect an area no bigger than the corridor / site. 

 

10.1.3 Duration Scale 

In order to accurately describe the impact, it is necessary to understand the duration and 

persistence of an impact in the environment. The temporal scale is rated according to 

criteria set out in Table 10-4. 
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Table 10-4:  Description of the temporal rating scale. 

RATING DESCRIPTION 

1 Incidental The impact will be limited to isolated incidences that are expected to 
occur very sporadically. 

2 Short-term The environmental impact identified will operate for the duration of the 
construction phase or a period of less than 5 years, whichever is the 
greater. 

3 Medium term The environmental impact identified will operate for the duration of life of 
the project. 

4 Long term The environmental impact identified will operate beyond the life of 
operation. 

5 Permanent The environmental impact will be permanent. 

 

10.1.4 Degree of Probability 

The probability or likelihood of an impact occurring will be described, as shown in Table 

10-5 below. 

 

Table 10-5:  Description of the degree of probability of an impact occurring. 

RATING DESCRIPTION 

1 Practically impossible 

2 Unlikely 

3 Could happen  

4 Very Likely 

5 It’s going to happen / has occurred 

 

10.1.5 Degree of Certainty 

As with all studies it is not possible to be 100% certain of all facts, and for this reason a 

standard “degree of certainty” scale is used as discussed in Table 10-6. The level of detail 

for specialist studies is determined according to the degree of certainty required for 

decision-making. The impacts are discussed in terms of affected parties or environmental 

components. 

 

Table 10-6:  Description of the degree of certainty rating scale. 

RATING DESCRIPTION 

Definite 
(Def.) 

More than 90% sure of a particular fact. 

Probable 
(Prob.) 

Between 70 and 90% sure of a particular fact, or of the likelihood of that impact 
occurring. 

Possible 
(Poss.) 

Between 40 and 70% sure of a particular fact, or of the likelihood of an impact 
occurring. 

Unsure 
(Uns.) 

Less than 40% sure of a particular fact or the likelihood of an impact occurring. 
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RATING DESCRIPTION 

Can’t know 
(CK) 

The consultant believes an assessment is not possible even with additional research. 

 

10.1.6 Quantitative Description of Impacts 

To allow for impacts to be described in a quantitative manner in addition to the qualitative 

description given above, a rating scale of between 1 and 5 was used for each of the 

assessment criteria. Thus the total value of the impact is described as the function of 

significance, spatial and temporal scale as described below. 

 

Impact Risk = (SIGNIFICANCE + Spatial + Temporal) X Probability 
                           3               5 

 

An example of how this rating scale is applied is shown in Table 10-7. 

 

Table 10-7:  Example of Rating Scale. 

IMPACT SIGNIFICANCE SPATIAL 
SCALE 

TEMPORAL 
SCALE 

PROBABILITY RATING 

 LOW Local Medium Term Could Happen  

Impact to air 2 3 3 3 1.6 

Note: The significance, spatial and temporal scales are added to give a total of 8, that is divided by 3 to give a criteria rating of 

2,67. The probability (3) is divided by 5 to give a probability rating of 0,6. The criteria rating of 2,67 is then multiplied by 

the probability rating (0,6) to give the final rating of 1,6. 

 

The impact risk is classified according to 5 classes as described in Table 10-8. 

Table 10-8:  Impact Risk Classes.  

RATING IMPACT CLASS DESCRIPTION - 
NEGATIVE 

DESCRIPTION - 
POSITIVE 

0.1 – 1.0 1 Very Low Very Low 

1.1 – 2.0 2 Low Low 

2.1 – 3.0 3 Moderate Moderate 

3.1 – 4.0 4 High High 

4.1 – 5.0 5 Very High Very High 

 

Therefore, with reference to the example used for air quality above, an impact rating of 1.6 

will fall in the Impact Class 2, which will be considered to be a low impact. 
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