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 SUMMARY  

 

 The Management Authority (MA) of the Cradle of Humankind World Heritage Site 

(COH WHS) commissioned project BIQ005/2008 to develop a water resources monitoring programme 

for the area.  The outcome of this project was captured in a comprehensive situation assessment report 

dated March 2011, and precipitated the pilot implementation of the proposed water resources monitoring 

programme for the COH WHS in the period April 2012 to March 2013.  The monitoring programme has 

been extended into the 2013ô14 financial year (April 2013 to March 2014), and the mid-term results for 

this period are presented in this water resources status report. 

 

 An assessment of impacts on the water resources environment of the COH WHS has again 

taken a holistic view with a specific focus on the area that is at greatest risk from a wastewater impact, yet 

maintaining a ówatching briefô on the remaining far larger extent of the property.  The outcome of the 

monitoring programme as documented in this report continues to confirm the conceptual hydrophysical 

and hydrochemical model developed for the property in the situation assessment report. 

 

 The monitoring data and results reveal the following responses in the water resources 

environment. 

 

Å The Bloubank Spruit system did not experience exceptionally high discharge conditions in the 

most recent (2012ô13) wet season, indicating a return to more ónormalô flows compared to the 

abnormally high discharges of the preceding three summers. 

 

Å The abatement of the mine water impact on surface water quality that commenced in mid-2012 

with the commissioning of the immediate AMD intervention measures that comprised an 

upgrade of the capacity and efficiency of the high density sludge (HDS) mine water treatment 

plant, has continued. 

 

Å Synoptic discharge measurements at two stations in the lower reach of the Riet Spruit continue 

to confirm previous results regarding quantified losses of AMD-impacted surface water to the 

karst aquifer of the Zwartkrans Compartment.  Representing allogenic recharge of the karst 

aquifer, the impact of the poorer quality water on the natural dolomitic groundwater is being 

manifested much more slowly, and also reflects the influence of the more recent improved 

AMD-impacted surface water quality. 

 

Å The impact of allogenic recharge from the losing reach of the Riet Spruit to the karst aquifer of 

the Zwartkrans Compartment continues to be unequivocally mapped on the basis of elevated 

salinity and sulphate values in the groundwater.  A provisional assessment forecasts arrival of 

the contamination ópeakô at the Zwartkrans Spring by the end of 2013, by which time the 

groundwater quality further upstream should already have shown an improvement provided that 

the immediate AMD intervention measures are maintained. 

 

Å The decline in the Main Lake water level since mid-2012 has continued at a rate of ~0.04 

m/month, but is expected to remain high as a result of the greater sustained discharge of 

treated/neutralised mine water associated with the immediate and short-term AMD control and 

management interventions in the Western Basin. 
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Å The quality of the Main Lake water in Sterkfontein Caves continues to reflect a muted influence 

from surface water impacted by mine water.  This observation alone is sufficient to warrant the 

vigilance of monitoring the cave water quality. 

 

Å The municipal wastewater effluent discharged from the Percy Stewart Wastewater Treatment 

Works continues to manifest an unacceptable bacteriological quality in the downstream 

receiving reaches of the Bloubank Spruit system.  This situation remains indefensible given the 

attention that is directed at AMD as a source of impact on the receiving water resources 

environment of the COH WHS. 

 

Å The mine water discharges have introduced a new set of hydrodynamic conditions that have 

precipitated an adjustment of the natural water resources environment which, in the case of 

groundwater, is immediately and most evident in potentiometric levels.  It is postulated that this 

impact will result in higher baseflows (by 10ï15%) in the Bloubank Spruit system in the future. 

 

 In conclusion, it is evident from the monitoring data and results that the karst environment of a 

portion of the Zwartkrans Compartment in the south-western quadrant of the COH WHS continues to 

suffer from a compromised groundwater quality.  Sulphate levels of >1 000 mg SO4/L will definitely 

impact on the potability of groundwater-based water supplies in the area effected.  Although the 

commissioning of the immediate mine water control and management intervention measures in mid-2012 

has ameliorated the quality of surface water in the Bloubank Spruit system, the impact on the 

groundwater environment in the effected portion of the Zwartkrans Compartment will take significantly 

longer to manifest an improvement. 
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1 INTRODUCTION , BACKGROUND  AND CONTEXT  

 

The Management Authority (MA) of the Cradle of Humankind World Heritage Site 

(COH WHS) commissioned project BIQ005/2008 to develop a water resources monitoring programme 

for the property (Figure 1).  Amongst a number of techno-scientific reports, the project produced a 

situation assessment of the surface water and groundwater resource environments (Hobbs, 2011). 

 

The pilot implementation of a water resources monitoring programme in the 2012 ô13 financial 

year yielded a substantial amount of new data that facilitated an update of the water resources situation 

and status to reflect more recent patterns and trends (Hobbs, 2012; 2013).  The extension of the 

monitoring programme into the 2013 ô14 financial year provides for the situation assessment and status 

to be updated even further.  This is given effect in this report, which covers the period April to September 

2013, and represents the mid-term monitoring report that serves as the first of two deliverables for the 

current monitoring contract.  The report concentrates on the status of the water resources rather than on an 

exhaustive update of the situation assessment.  The latter is considered to be the focus of the second 

deliverable, a contract closing out report due in March 2014. 

 

Figure 1 Definition of the study area in regard to the regional geology, surface water drainages, quaternary 

catchments and other geographic locations for orientation 

 

2 TIMELINE OF KEY EVEN TS 

 

In keeping with the contextualisation of the material presented and discussed in these reports in 

terms of a timeline of key events since the inscription of the COH WHS as a World Heritage Site in 1999, 

an updated timeline is presented in Figure 2. 
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Figure 2 Timeline of events relevant to this report 
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 The most important recent key event on the timeline (Figure 2) is the expansion of the mine 

water high density sludge (HDS) treatment facility to a capacity of ~34 ML/d.  This is in accordance with 

the immediate and short-term intervention measures commissioned by the Department of Water Affairs 

(DWA) and implemented by its Implementing Agent, the Trans-Caledon Tunnel Authority (TCTA), to 

control and manage AMD in the Western Basin.  This marks a further milestone that will again alter the 

dynamic of a mine water impact on the receiving water resources.  The commissioning of the upgraded 

facility in June 2012 already manifested a positive impact on the surface water environment (Hobbs, 

2013). 

 

 A second recent key event is the delivery of a water resources monitoring report for the period 

April 2012 to March 2013 (Hobbs, 2013) documenting an updated situation assessment and status update 

of monitoring data generated in the course of the pilot implementation of a surface water and groundwater 

resources monitoring programme for the COH WHS.  This report is available in the public domain, and 

has been distributed widely amongst various authorities. 

 

3 RAINFALL  

 

 The monthly precipitation record for the period October 2008 to September 2013 (Figure 3) of 

the Rand Uranium/Gold 1 (RU/G1) rainfall stations BRI and HDS (Figure 1), reveals the return to more 

normal summer rainfall seasons (Figure 4) with values <600 mm.  It is also evident from Figure 3 that 

April 2013 experienced exceptional rainfall with >125 mm being recorded at all three stations, and station 

HDS recording as much as 167 mm.  The rainfall data also confirm the observation (Hobbs, 2011) that 

monthly precipitation at station BRI to the north of the continental divide is generally less than that 

measured at station HDS on the divide.  The updated record suggests a difference of ~11% (Figure 5). 

 

 Also shown in Figure 3 and Figure 4 are the contemporary rainfall data recorded at the 

Sterkfontein Caves gauging station by the DWA.  An analysis of the common monthly rainfall record (n 

= 34) for all three stations, comparing the Sterkfontein Caves data with (a) the HDS data, (b) the BRI data 

and (c) the mean of the HDS and BRI data, indicates a best correlation (R
2
 = 0.91) with the HDS record 

(Figure 6).  This correlation indicates a ~13% lower monthly rainfall at Sterkfontein Caves than at the 

HDS station located ~13 km to the south on the continental divide.  Although exhibiting a poorer 

correlation of R
2
 = 0.85 (Figure 6), the difference with the BRI station is only ~6%. 

 

 In addition to the rainfall gauging stations listed above, the DWA has installed a further three 

totalling stations at the following locations: 

 

Å the HDS mine water treatment plant (in mid-March 2013) where Gold1 already maintains the 

HDS rainfall gauge; 

Å the monitoring borehole cluster A2N0576 and GP00303 on the farm Vlakplaas 160IQ at Tarlton 

(also in mid-March 2013); and 

Å the monitoring borehole GP00301 on Ptn 8/2 of the farm Sterkfontein 173IQ near the southern 

boundary of the COH WHS (in mid-April 2013). 

 

 The rainfall record for the three ñnewò stations is too short to warrant an evaluation of the data, 

the stations only being commissioned in mid-March and mid-April 2013 as indicated above. 
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Figure 3 Monthly precipitation at the RU/G1 rainfall monitoring stations HDS and BRI in the period 

October 2008 to September 2013, also showing the available record for the Sterkfontein Caves station 

 

Figure 4 Comparison of total wet season (summer) rainfall at the RU/G1 rainfall monitoring stations HDS 

and BRI in the past five hydrological years, also showing the available record for the Sterkfontein Caves station 
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Figure 5 Correlation of monthly precipitation between the RU/G1 rainfall monitoring stations HDS and 

BRI in the period October 2008 to September 2013 

 

Figure 6 Correlation of monthly rainfall at Sterkfontein Caves with the RU/G1 record for stations HDS and 

BRI in the locus of decant 



6 

 

4 SURFACE WATER HYDROL OGY 

 

4.1 Physical Hydrology 

 

4.1.1 Mine Water Discharge 

 

 The pattern and trend of mine water discharge into the environment since the start of gauged 

monitoring is illustrated in Figure 7.  The graph distinguishes between raw mine water (RMW) and 

treated/neutralised mine water (TMW), the aggregate of which represents the total mine water discharge.  

The period during which the RMW contribution to total mine water discharge regularly exceeded 10 

ML/d is clearly evident in Figure 7.  Under circumstances where the TMW contribution reflects a 

reasonably consistent discharge of 1015 ML/d prior to mid-2012
1
, it is clear that the RMW proportion in 

total mine water discharge consistently exceeded that of TMW in the period February 2010 to mid-2012.  

This is illustrated in Figure 8, which also shows the return to pre-2010 conditions in the latter part of the 

record, i.e. since mid-2012, clearly demonstrating the efficacy of the immediate AMD intervention in 

managing mine water discharge in the Western Basin.  It is these circumstances that inform the impacts 

on surface water chemistry (quality) in the downstream receiving reaches of (in turn) the Tweelopie 

Spruit, the Riet Spruit and the Bloubank Spruit as described in Section 4.2. 

 

4.1.2 Surface Water Fluxes 

 

 The significance of the interaction between surface water and groundwater in a karst 

environment has been stressed in previous monitoring reports (Hobbs, 2012; 2013).  In-stream synoptic 

discharge measurements (SDMs) made on 28 occasions (Table 1) at stations F11S12 and MRd (Figure 

9) quantify and elucidate the magnitude of surface water loss to the karst aquifer.  The results of the 

SDMs are illustrated in Figure 10, and continue to indicate an absorptive capacity defined by a minimum 

ingress value of ~14 ML/d (~41 L/s/km).  The observation (Hobbs, 2013) that the absorptive capacity of 

the karst aquifer underlying the losing ~3.9-km reach of the Riet Spruit reached a new equilibrium 

condition that continued into the 2011ïô12 hydrological year, remains valid also for the 2012ïô13 

hydrological year as is reflected in the linear regression trendline for period 3 (Figure 11).  Also evident 

in Figure 10 is the recent increase in discharge measured at the upstream station F11S12, which exceeds 

25 ML/d and approximates 30 ML/d (Table 1) for the first time since August 2011.  This observation is 

in keeping with the increased capacity of the HDS plant to ~34 ML/d in June 2013 (Figure 2). 

 

 The surface water losses to the karst aquifer beg the question of how these inflows relate to 

discharge (outflow) from the Zwartkrans Compartment.  The Zwartkrans Spring represents a point source 

of discharge that has been quantified at 136 L/s (11.7 ML/d) (Hobbs, 2013).  In addition, groundwater 

resurgence in the stream channel upstream of the spring contributes as much as 215 L/s (18.6 ML/d) to 

the discharge of the Bloubank Spruit at this location (Hobbs, 2013).  The total stream discharge of up to 

~350 L/s (30.2 ML/d) below the Zwartkrans Spring therefore represents the groundwater discharge from 

the Zwartkrans Compartment dolomitic aquifer.  This value is 12.9 ML/d greater than the median stream 

loss rate of 17.3 ML/d, and 12.1 ML/d greater than the mean loss rate of 18.1 ML/d (Table 1).  These 

differences are readily contributed by streamflow losses in the Blougat Spruit that have been quantified at 

up to 7 ML/d (Hobbs, 2011), augmented with autogenic (natural) recharge at 17 ± 5% of MAP on the 

Zwartkrans Compartment that finds general application in the study area. 

                                                      
1
  The immediate AMD intervention measure in the Western Basin was commissioned in June 2012 (Figure 2). 
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Figure 7 Pattern and trend of mine water discharge into the environment (RMW = raw mine water, TMW = 

treated/neutralised mine water) 

 

Figure 8 Pattern and trend of raw mine water (RMW) proportion in total mine water discharge into the 

environment 
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Table 1 Quantification of stream flow loss rate in the lower reach of the Riet Spruit 

Date 
Flow @ F11S12 

(ML/d)  

Flow @ MRd 

(ML/d)  

Flow Loss 

(ML/d)  

Flow Loss Rate
(1)

 

(L/s/km) 

09/09/2009 11.9 ± 1.2 0 11.9 35 

22/09/2009 14.9 ± 1.5 0 14.9 44 

05/02/2010 35.2 ± 3.5 7.3 ± 0.4 27.9 83 

16/02/2010 31.6 ± 3.2 5.7 ± 0.3 25.9 77 

23/02/2010 26.2 ± 2.6 4.0 ± 0.2 22.2 66 

09/03/2010 32.6 ± 3.3 9.4 ± 0.5 23.2 69 

01/04/2010 40.4 ± 4.0 10.3 ± 0.5 30.1 89 

14/04/2010 25.8 ± 2.6 5.7 ± 0.3 20.1 60 

06/05/2010 43.7 ± 4.4 11.7 ± 0.6 32.0 95 

18/05/2010 35.7 ± 3.6 11.0 ± 0.6 24.7 73 

09/06/2010 32.1 ± 3.2 10.5 ± 0.5 21.6 64 

07/07/2010 29.9 ± 3.0 6.2 ± 0.3 23.7 70 

27/07/2010 31.6 ± 3.2 6.5 ± 0.3 25.1 74 

19/08/2010 25.8 ± 2.6 5.3 ± 0.3 20.5 61 

05/10/2010 13.8 ± 1.4 0.4 13.4 40 

19/11/2010 22.2 ± 2.2 3.4 ± 0.2 18.8 56 

27/07/2011 31.9 ± 3.2 19.4 ± 1.0 12.5 37 

25/08/2011 28.7 ± 2.9 20.0 ± 1.0 8.7 26 

05/09/2011 22.5 ± 2.3 15.9 ± 0.8 6.6 20 

08/05/2012 21.4 ± 2.1 9.6 ± 0.5 11.9 35 

14/08/2012 22.5 ± 2.3 6.8 ± 0.3 15.7 47 

21/09/2012 24.6 ± 2.5 15.5 ± 0.8 9.1 27 

24/10/2012 16.2 ± 1.6 5.7 ± 0.3 10.5 31 

15/01/2013 18.4 ± 1.8 6.4 ± 0.3 12.0 36 

14/02/2013 23.0 ± 2.3 7.5 ± 0.4 15.5 46 

06/03/2013 20.7 ± 2.1 8.0 ± 0.4 12.7 38 

15/08/2103 30.1 ± 3.0 16.5 ± 0.8 13.6 40 

15/10/2013 29.6 ± 3.0 14.1 ± 07 15.5 46 

Count 

Minimum 

Mean 

Median 

Maximum 

SD 

CoV (%) 

28 

11.9 

26.3 

25.8 

43.7 

8.1 

31 

28 

0.0 

8.2 

7.1 

20.0 

5.2 

64 

28 

6.6 

18.1 

17.3 

32.0 

7.1 

39 

28 

19.6 

53.8 

51.2 

95.0 

21.1 

39 

(1) Based on a distance of ~3.9 km between localities 
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Figure 9 Locality map of surface water quantity and quality monitoring stations 












































































