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SUMMARY

The Management Authority (MA) of the Cradle of Humankind World Heritage Site
(COHWHS) commissioned project BIQ005/2008 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 COMVHS in the period April 2012 to March 2013. é'monitoring programmbas
beenextended into the 2018 1 4 f i n gApcl 043 to Maecla 2014)and the migerm resultdor
this periodarepresented in thigater resourcestatusreport.

An assessment of impacts on the water resources environment of thg®VHOHas again
takena holistic viewwith a specific focus on tharea that iat greatest risk from a wastewater impget
mai ntaining a 6wat c hianlagrgerbekténeof the poopertythé @utcame afahe ni n g
monitoring programmeas documented in this repantinues to confirnthe conceptual hydrophysical
and hydrochemical model developed for finepertyin the situation assessment report.

The monitorig data and results reveal the following responses in the water resources
environment.

A The Bloubank Spruit systerdid not experience exceptionally high discharge conditions in the
most recent (2015 1 3) wet season, i ndi c atsicompared ttheet ur n
abnormally high dicharges of the preceding thmemmers

A The abatement of the mine water impact on surface water quality that commenced2@lid
with the commissioning of the immediate AMD intervention measures dhatprisedan
upgrade of the capacity and efficiency of the high density sludge (HDS) mine water treatment
plant has continued.

A Synoptic discharge measurements at two stations in the lower reach of the Riet@inite
to confirm previousresults regardinguantiied losses ofAMD -impactedsurface 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 moreastly, and also reflects thmfluence of the more recent improved
AMD -impacted surface water quality

A The impact of allogenic recharge from the losing reach of the Riet Spruit to the karst aquifer of
the Zwartkrans Compartmenbntinues to beainequivocaly mapped on the basis of elevated
salinity and sulphate values in the groundwat&rprovisional assessmerrecast arrival of
t he cont ami nthda Awartkran® Pperg oy theaehd of 2018 which time the
groundwater quality further upstreamosild already have shown an improvement provided that
the immediate AMD intervention measures are maintained

A The decline in the Main Lake water level since #2@d2 has continuedat a rate of ~04
m/month, butis expected taemain high as a result ohd greater sustained discharge of
treated/neutralised mine water associated with the immediate andesho®AMD control and
management interventions in the Western Basin.



A The quality of the Main Lake water in Sterkfontein Caves continues to refledtea méluence
from surface water impacted by mine water. This observation alone is sufficient to warrant the
vigilance of monitoring the cave water quality.

A The municipal wastewater effluent discharged from the Percy Stewart Wastewater Treatment
Works catinues to manifest an unacceptable bacteriological quality in the downstream
receiving reaches of the Bloubank Spruit systérhis situationremainsindefensible given the
attentionthat is directed aAMD as a source ofimpact on the receiving water resrces
environment of the COMVHS.

A 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 mestident in potentiometric leveldt is postulated that this
impact will result in higher baseflowby 10" 15%)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 sewm#stern quadrant of the COMHS continues to
suffer from a compromisedroundwater quality. Sulphate legebf >1 000 mg SQL will definitely
impact on the potability of groundwatbased water supplies in the area effected. Although the
commissioning of the immediate mine water control and management intervention measure2(h2mid
has ameliorated the ditg 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.

PJ HobbsHr.Sci.Nat)

SENIOR RESEARCH HYDROGEOLOGIST
HYDROSCIENCES RESEARCH GROUP
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> greater than

< less than

% per ceniparts per hundred)
%ile percentile

°C degree(s) Centigrade

&h change in head

an hydrological year

AMD acid mine drainage

amsl| above mean sea level

bc below collar

BRI Black Reef Incline

bs below surface

ca. circa(about)

cfu coliform forming units
COHWHS Cradle of Humankind World Heritage Site
CoV coefficient of variation

DL detection limit

DWA Department of Water Affair6formerly DWAF; Department of Water Affairs and Forestry)
EC electrical conductivity

HDS high density sludge

kg kilogram(s)

km kilometre(s)

L/d litre(s) per day

LoD locus of decant

L/s litre(s) per second

L/s/lkm litre(s) per second per kilometre
m metre(s)

m?/d square metre(s) per day

MA Management Authority

MCLM Mogale City Local Municipality
megL milliequivalent(s) per litre

mg/L milligram(s) per litre

mg/s milligram(s) per second

ML/d megalitre(s) per day

mm millimetre(s)

m/s cubic metre(s) per second

Mm?® million cubic metre(s)

Mm3¥a million cubic metres per annum
MPN most probable number

mS/m milliSiemens per metre

n count

RMW raw mine water

RU/G1 Rand Uranium/Gold

SD standard deviation

SDM synoptic dischargmeasurement
TCTA TransCaledon Tunnel Authority
TMW treated (neutralised) mine water
t/d ton(s) per day

TDS total dissolved salts

U total uranium

Up dissolved uranium

WWTW wastewater treatment works

Vi



1 INTRODUCTION , BACKGROUND AND CONTEXT

The Management Authority (MA) of the Cradle of Humankind World Heritage Site
(COHWHS) commissioned project BIQ005/2008 to depea water resources monitoring programme
for the property (Figure 1). Amongsta number oftechnescientific reports, the project produced a
situatiaon assessment of tiseirface water and groundwater resource environngeliotsbs, 2011).

The pilot i mplementation of a water resource
year yielded asubstantial amount of new dateaat facilitated arupdate of thevater resourcesituaion
and statusto reflect more recenpatterns andrends (Hobbs, 2012; 2013). The extension of the
monitoring programme into the skuatbrBassessmeatidstatsnci al
to beupdatecevenfurther. This is given effect in this report, which covers gegiodApril to September
2013 andrepresents the mittrm monitoring report that serves as the first of two deliverables for the
current monitoring contracflThe report concentrates dmetstatus of thevater resourcesather than oman
exhaustive update of thatuation assessmenfThe latter is considered to be the focus of the second
deliverable, a contract closing out report due in March 2014.

Legend

River

Study area

Provincial boundary
i1 Footprint of larger scale
1 maps presented

(] Village/town/city

O  COHWHS tourist site

© RUrainfall station

A DWA gauging station N

4 : 3 6 12
o NgeF” J . Rl -  m % Kilometres

Figure 1 Definition of the study area in regard to tregionalgeology, surface water drainagegsaternary
catchmentandother geographitocationsfor orientation

2 TIMELINE OF KEY EVEN TS

In keeping with theontextualiation of thematerial presented and discussed gs#neporsin
terms of a timeline of key events since the inscription of the @6 as a World Heritage Site in 1999
an updatedimeline is presented iRigure 2.



Figure 2 Timeline of events relevant to this report



The most important receiey eventon the timeling(Figure 2) is the expansion of the mine
water high density sludge (HDS) treatment facility to aac#ty of ~34 ML/d. This is in accordance with
the immediate and sherm intervention measures commissioned byDbpartment of Water Affairs
(DWA) andimplemented by its Implementing Agent, the Tr@aedon Tunnel Authority (TCTAXo
control and maage AMD in the Western Basinlhis marksa further milestonethat will again alter the
dynamic of a mine water impact on the receiving water resauitlee commissioning of the upgraded
facility in June 2012already manifested a positive impact on th&ame water environmen(iHobbs,
2013)

A second receritey event is thalelivery of awater resources monitorinmgport for the period
April 2012to March 2013(Hobbs, 2013pocumenting an updated situation assessmenstahas update
of monitoring datayenerated in the course of the pilot implementation of a surface water and groundwater
resources monitoring programme for the C@HS. This report is available in the public domain, and
has been distributed widely amongst various authorities.

3 RAINFALL

The monthlyprecipitationrecordfor the period October 2008 ®eptembel013 (Figure 3) of
the RandUraniuniGold 1(RU/G1) rainfall stationsBRI and HDS(Figure 1), reveals theeturn to more
normalsummerrainfall seasongFigure 4) with values <600 mm t is also evidenfrom Figure 3 that
April 2013 experienced exceptional rainfalitkvi>125 mm being recorded at all three stati@msl station
HDS recording as much as 167 mrhhe rainfall data also confirm the observation (Hobbs, 2011) that
monthly precipitationat station BRI to the north of the continental dividegenerallyless than that
measured attation HDS on the divideThe updated record suggests a difference of (Eigtire 5).

Also shown inFigure 3 and Figure 4 are thecontemporary rainfall data recorded at the
Sterkfontein Caves gauging station by the DW#n analysis of the commomonthly rainfall record(n
= 34) for all three stations, comparitige 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 corréRtierD.91) with the HDS record
(Figure 6). This correlationindicatesa ~13% lower monthly rainfall at Sterkfontein Caves than at the
HDS station located-13 km to the south orthe continental divide Although exhibiting a poorer
correlation of R= 085 (Figure 6), thedifference with the BRI station is only ~6%.

In addition to the rainfall gauging stations listed above, the DWA has installed aerftitke
totalling stations at the following locations:

A the HDS mine water treatment plaim mid-March 2013)where Goldl already maintains the
HDS rainfall gauge;

A the monitoring borehole cluster A2806 andGP00303 on the fariilakplaas 160ICat Tarlton
(also in midMarch 2013)and

A the monitoring borehole GP00301 on Bf& of the farm Sterkfontein 173IQ near the southern

boundary of the CONVHS (in mid-April 2013).

The rainfaldl record for the three dthedata, st at
the stations onlypeing commissioned in mikllarch and migApril 2013 as indicatedbove
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4 SURFACE WATER HYDROL OGY
4.1 Physical Hydrology
41.1 Mine Water Discharge

The pattern and trend of mine water discharge into the environment since the start of gauged
monitoring is illustratedn Figure 7. Thegraph distingishes 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 inFigure 7. Under circumstances wherbet TMW contribution reflects a
reasonably consistent discharge of 1% ML/d prior to mid2012, it is clear that the RMW proportion in
total mine water discharge consistently exceeded that of TMW in the period February 201261 tid
This is illustratedn Figure 8, which also shows the return to {810 conditions in the latter part of the
record, i.e. since mi@012, clearly demonstrating the efficacy of the immediate AMD intervention in
managing mine water discharge in the Western Balsiis these circumstances that inform the impacts
on surface water chemistry (quality) in the downstream receiving reach@s toin) the Tweelopie
Spruit, the Riet Spruit and the Bloubank Spruit as describ8ddtion4.2

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; B4t3&am synoptic
discharge measurements (SDMs) made ®o@asions Table 1) at stations F11S12 and MRHEidure
9) quantify and kicidate the magnitude of surface water loss to the karst aquifer. The results of the
SDMs are illustrated ifrigure 10, and ontinue toindicate ambsorptive capacity defined bynanimum
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 ~B® reach of the Riet Spruit reached a new equilibrium
condition tha continued into the 2016 12 hydr ol ogi cal year , elBai ns
hydrological year as is reflected in the linear regression trendline for perkidu8g 11). Also evident
in Figure 10is the recent increase in discharge measured at theammsstation F11S12, which exceeds
25 ML/d and approximates 30 MiL{Table 1) for thefirst time since August 2011. This observation is
in keeping withthe increased capacity of the HDS plant 3d ML/d in June 2013Figure 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 representssayrcm
of discharge that has been quantified at 136 L/s (11.7 MHdpbs, 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 astlication (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 trenradam
loss rate of 17.3 ML/d, and 12.1 ML/d greater than the mean loss rate of 18.1 Mibld {). These
differences are readily contributed lyemmflow 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 Compartmeitibat finds general application in the study area

! The immediate AMD intevention measure in the Western Basin was commissioned in JuneR2gii2 (2).
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Table 1

Quantification of stream flow loss rate in tlogver reach of th®iet Spruit

Date Flow @ F11S12 Flow @ MRd Flow Loss Flow Loss Raté"
(ML/d) (ML/d) (ML/d) (L/s/km)

09/09/2009 11.9+1.2 0 11.9 35
22/09/2009 14.9+15 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+ 05 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 437+ 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 222422 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+25 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+23 75+0.4 15.5 46
06/03/2013 20.7+21 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 28 28 28 28
Minimum 11.9 0.0 6.6 19.6
Mean 26.3 8.2 18.1 53.8
Median 25.8 7.1 17.3 51.2
Maximum 43.7 20.0 320 95.0
SD 8.1 5.2 7.1 21.1
CoV (%) 31 64 39 39

(1) Basedon a distance of3-:9km between localities
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