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Introduction
Gold mining in the Witwatersrand area started
in 1886 and continued to date, with majority
of the mines ceasing underground operations
in the 1970s. During almost this entire period
gold was mined in three main, di2erent, areas
namely: the Eastern Basin (Springs-Nigel area),
the Central Basin (Johannesburg area) and the
Western Basin (Krugersdorp-Randfontein
area), while additional quantities were mined
in later years. In all three basins mining was
mainly undertaken underground via vertical
and steep inclined sha1s. As a consequence of
these mining activities a signi3cant amount of
waste tailings and underground mine voids
were produced. The cessation of mining and
abandonment of mines resulted in mine voids
being 4ooded, with the 3rst discharge to sur-
face occurring in 2002 in the Western Basin. A
similar situation could occur in the Eastern
and Central basins (Ramontja et al. 2011), un-
less adequate steps are taken to prevent this.

The geochemical interaction of the under-
ground water with sulphide (mainly pyrite)
bearing rock and waste tailings dumps in the
presence of oxygen generates acidic mine
water which has a signi3cantly high metals

and salt load. The oxidation of iron pyrite
(FeS₂) and the release of acidity into waters
4ooding underground mining voids has been
described elsewhere (Singer and Stumm 1970,
Tutu et al. 2008).

Rationale
Since the underground mine voids in the Wit-
watersrand gold mining basins are rapidly
4ooding with water, there are concerns regard-
ing the fate of the mine water that is being
generated. Two opinions regarding the man-
agement of this problem have been expressed:

The mine water should be pumped out1.
and be treated for discharge purposes in
which case the walls of the mine voids
with pyritic rock will be further exposed
to oxygen.
The mine voids should be allowed to 4ood2.
with water which will be devoid the oxy-
gen and oxidation of the pyritic rock will
be limited.

This experiment therefore aims to simu-
late these two scenarios and to understand
which of the two options above generate bet-
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ter quality mine water. It was decided to carry
out column leach experiments simulating the
two conditions and results are presented in
this paper.

Materials and methods
A two column experiment was set up in a way
to resemble saturated and unsaturated under-
ground mine void conditions. Approximately
8 kg of a pyrite bearing rock was acquired from
one of the Witwatersrand Western Basin mines
and stored in a sealed plastic container to pro-
tect the material from oxidation. The sample
was crushed to a particle size of 100 % <4 mm
and split into equivalent portions using a ten
way rotating splitter. Portions of the materials
were analysed for mineralogy, metals and total
sulphur content. These results are illustrated
on Table 1, 2 and 3.

Two columns made of Perspex and of
identical dimensions 50 mm internal diame-
ter (i.d) and a height (h) of 480 mm, CA and CB
were packed with 1272 g and 1278 g of the split
material respectively. Each column was inocu-
lated with 500 mL of AMD sample acquired
from a sha1 which was discharging AMD to
the surface. The AMD was inoculated into the
columns to introduce iron oxidizing bacteria
(Thiobacillus ferrooxidans and Leptospirillum
ferrooxidans) to the sample in order to achieve
optimum oxidation conditions. The columns
were le1 to incubate for a period of 192 hours.

Deionised water was used as a leachant
and delivered into the columns using a peri-
staltic pump as the driver at a speed of 3 revo-
lutions per minute (rpm) through 0.51 mm i.d
polyvinylchloride pump tubing. One column

(CA) was run in an upward 4ow con3guration,
allowing the packed pyritic ore sample to be
completely covered in leachant simulating the
saturated zones in the underground mine en-
vironment. The second column (CB) was run
from top to bottom with an air inlet allowing
oxygen to ingress the column. The column
was not allowed to 4ood, resembling the un-
saturated zones in the upper part of the under-
ground mine environment. The 3rst leachate
was collected over a period of seven days and
mainly comprised the AMD that was inocu-
lated. The two columns were continuously
leached for 22 weeks at a rate of around
0.45 L/week with leachate collection and analy-
sis performed every seven days. The leachates
were syringe 3ltered using 0.45 µm hy-
drophilic 3lter discs. The leachates were then
analysed for pH, electrical conductivity (EC),
dissolved metals and anions. The leachate so-
lutions were acidi3ed with three to 3ve drops
of 3M Nitric acid (HNO₃) prior to dissolved
metals analysis.

Results and discussion
The mineral composition results illustrated in
Table 1 indicate that the predominant compo-
nent is quartz with a 80 % weight fraction, fol-
lowed by pyrophyllite at 12 % and pyrite at 9 %.
Mineral composition and the total sulphur re-
sults of 4.32 wt. % is a good indication that the
material is a good source of sulphide for AMD
studies.

X-Ray Fluorescence (XRF) results pre-
sented on Tables 2 and 3 con3rms that the ma-
terial contains predominantly quartz and has
a potential to release signi3cantly high con-

Table 1 X-Ray Di,raction
(XRD) mineralogical deter-

mination on the pyrite bear-
ing ore sample was per-

formed and the results are
listed below expressed in

weight %.

Mineral Composition  
(weight %) 

Mineral Composition  
(weight %) 
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centrations of metals such as As, U, Ni, Co, Al,
Zn, Cr and Zr into the water through leaching.

The weekly SO₄²⁻ loads, cumulative loads
and the leachate pHs for the two columns are
graphically illustrated on Fig. 1. Metal and sul-
phate concentrations, pH, EC and volume re-
sults of the leachate analyses from the column
leach experiments, for a period of 22 weeks, are
provided in Table 4.

Results for the two columns for week 0
showed high values for EC, metal and sulphate
concentrations and pH values lower than 3 fol-
lowed by sharp decreases and increase respec-
tively. This is due to the AMD aliquot that was
inoculated into the columns.

From weeks 4 to 22 the EC, metals and sul-
phate concentrations for column CA showed a
steady decrease and increasing pH. This is in-
dicative that pyrite oxidation and associated
acid generation is inhibited. Column CB results
showed steady increases in EC, metal and sul-
phate concentrations and a decrease in pH
from weeks 4 to 18. From week 19, column B re-

sults showed a sharp increase in EC, metals
and sulphate concentrations and sharp de-
creases in pH with values well below 2.5. The
results for column CB showed that there is acid
generation from pyrite oxidation and release
of metals into the water.

Conclusion
The purpose of this study was to assess the
quality of the mine water produced in the sat-
urated and the unsaturated areas in the under-
ground mine voids in Witwatersrand gold
mining area and whether the water should be
pumped out or be le1 to continue 4ooding to
displace oxygen and thereby limit acid gener-
ation through oxidation of the pyritic rock.
The study revealed that the oxidation of pyrite
in the 4ooded (saturated) zones is severely re-
tarded with pH values above 4.5 and reduced
salt loads, however in aerated (unsaturated)
zones, pyrite is oxidised and produces a
leachate with pH values of below 2.5 and high
EC, salt and metal loads. This information can

Element Concentration 
(ppm) 

Element Concentration 
(ppm) 

Element Concentration 
(ppm) 

Element Concentration (weight %) Element Concentration (weight %)

Table 2 XRF trace elements
determination on the pyrite

bearing sample was per-
formed and the results are
listed below expressed in

weight ppm.

Table 3 XRF major element
determination on pyrite

bearing rock
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Figure 1 A graphical illustra-
tion of weekly load and cu-
mulative load of SO₄²⁻ and
leachate pH for column CA

and CB for 22 weeks.
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Mass SO4
2- (mg) CA

Time
Mass SO4

2- Cusum (mg) CA
pH CA

Mass SO4
2- (mg) CB

pH CBMass SO4
2- Cusum (mg) CB

Table 4 Weekly leachates volumes, pH, EC and volume corrected mass loads of constituents for
columns CA and CB for a period of 22 weeks.

Week Column 0 1 2 3 4 5 6 7 8 9 10 11 

Al (mg) 

Co (mg) 

Cu (mg) 

Fe (mg) 

Mn (mg) 

Ni (mg) 

SO42- (mg) 

Zn (mg) 

pH 

EC (µS/cm) 

Vol (mL) 

Week Column 12 13 14 15 16 17 18 19 20 21 22  

Al (mg) 

Co (mg) 

Cu (mg) 

Fe (mg) 

Mn (mg) 

Ni (mg) 

SO42- (mg) 

Zn (mg) 

pH 

EC  

Vol (mL) 
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be used to assist decision making regarding
the 4ooding of the Witwatersrand mines, how-
ever a decision cannot be made solely based
on the results of these reactions. There are
other factors that must be taken in to consid-
eration when deciding to 4ood or pump the
water in the Witwatersrand mine voids. Fac-
tors as reported by Ramontja et al. (2011) such
as:

Flooding risks

pollution of shallow groundwater re-•
sources required for agricultural use
impact on the underground infrastruc-•
ture due to their proximity to urban areas
seismic activity•
the rate of seepage•
potential subsidence•

Decant of AMD to the environment risks

impact on ecological systems•
localised 4ooding of low lying areas•
impact on major river systems•
estimated water volume•

Other factors such as the interaction of
generated AMD with dolomitic rock strata and
water that has being in contact with dolomitic
rock strata prior to interacting with the sul-
phide rock must also be taken into considera-
tion.
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