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Figure 1 DAS setup

Figure 2 RAPS setup

Table 2 Some of average water results mine water and the target water quality range (DWAF Standards)

Parameter pH EC Cl SO, Ca Al As Co Fe Mn Ni Zn
Concentration 2.7 2.7 09 10064  49.7 109.7 0.007 0.8 132.1 7.3 0.9 24
DWAF guideline  6-9* 0-200* 0-0.15* 0-0.01* 0-0.1* 0-0.05* 0-3.0*
All concentrations expressed as mg/L except for pH and EC (mS/cm)
Table 3 Summary of water quality results
Sample pH Alkalinity ~ EC(mS/  Redox Concentrations as mg/L
o asCaco,  cm) (mV) 50, Al As cd Co Fe ca Mn Ni u n
(mg/L)
DWAF Guideline (domestic use, human consumption)
0-200 0-0.15 0-001 0-0005 0-0.1 32 0-005 0-30
Analysed
AMD 27 0 27 476 10064 1097 0007 001 08 1321 49.7 73 09 001 24
DAS A 79 407.8 2 153 10838 <01 <0001  <0.003 04 3 478.2 23 08 <0001 <003
DASB 8.1 334 22 144 1279 <01 <0001 <0003 03 1 507.8 35 05 <0001 <003
DASC 8 2188 23 287 10502 <01 <0001 <0003 14 15 495.2 4 03 <0001 <003
RAPSA 7.9 2432 22 145 11954 <01 <0001  <0.003 02 2 4119 33 03 <0001 0.1
RAPSB 83 206.7 19 132 959 <01 <0001  <0.003 03 3 3399 33 02 <0001 0.1
RAPSC 8.1 2419 2 140 10712 <01 <0001  <0.003 02 19 3776 48 02 <0001 0.1

and metalloids such as Fe (132.1 mg/L), Al
(109.9 mg/L), and Mn (7.3 mg/L), exceeding
industrial water standards limits as set by the
South African Department of Water Affairs
(DWAE, 1996). Minor to trace concentrations
of Co, Ni, and Zn were also noticed in the
mine water.

Reactive material

X-Ray Diffraction (XRD) and X-Ray
Fluorescence (XRF) analysis were used for the
limestone characterization for mineral and
elements (traces and major) identification
and concentrations before and after use
respectively.

Passive treatment results

Tab. 3 summarize water quality of acidic
mine water and treated water from DAS and
RAPS systems.

Fig. 3 shows the change in pH of the AMD
and the treated water from DAS and RAPS
systems over time (weeks). An increase in the
pH of the water throughout the treatment
systems was observed to an average of 8 in both
systems. Substantial alkalinity, as CaCO,, was
generated in the systems from 0 mg/L in the acid
mine water to an average of 320.2 mg/L DAS
system and 230.6 mg/L in RAPS system. Fig.
4 shows an increase in the Ca?* concentration
that was witnessed in the DAS (493 mg/L) and
RAPS (376 mg/L) passive systems compared
with mine water Ca** concentration of 49 mg/L.
Average of 478.2 mg/L Ca®* concentration was
detected in DAS A, 507.8 mg/L was analyzed
in DAS B and 495.2 mg/L was detected in the
RAPS C after exposure to oxygen. An increase
in pH, alkalinity and Ca** concentrations were
expected as the limestone reacts with the acid
water.
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Weekly pH results of DAS and RAPS for 21 weeks
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Figure 3 pH of inflow and outflow water in the passive treatment system
Weekly concentration of Ca?* from DAS and RAPS for 21 weeks
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Figure 4 Ca** concentration of inflow and outflow water in the passive treatment system

Table 4 Average values of forms of iron and dissolved oxygen after 21 weeks

Total Fe (mg/L)

Fe ferrous (mg/L)

Fe ferric (mg/L)

DO (mg/L) @19.80c

AMD

DAS A
DAS B
DAS C
RAPS A
RAPS B
RAPS C

1321
3
1
15

0

w o o N O N

1321
1
1
13

7.94
7.66
7.86
7.85
7.19
7.40
7.48
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EXPLANATION
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Piper diagram illustrating hydrochemical regime of passively treated AMD
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Figure 5 Piper diagram of the hydro-chemical regime of passively treated acid mine water

Referring to Fig. 5 below, treated water
is classified in having high concentrations of
Ca*" + Mg** and HCO* ions. According to the
diagram, mine water had 0% concentration
of CO,> + HCO,, 100% concentration of
SO42- + ClI- ions. This contaminated water
contained about 0.7% of Ca** + Mg*" ions
and 93% concentration of Na** +K* ions. The
treated water for DAS and RAPS systems
showed an addition in the concentration of
CO,” + HCO* and Ca’+ + Mg** ions. There
was a reduction of SO,* ions in the treated
effluents of both DAS and RAPS.

Metal and metalloids removal

There was substantial contaminants removal
in both treatment systems (>95 %) except
for Mn and SO,*. This was primarily due
to limestone dissolution which increased
the pH near neutral. ICP-MS and IC results
revealed that the average concentration of
total Fe in acid water was measured at 132.1
mg/L. This concentration was 1321-fold
higher than the required limit, as per the

domestic water use standard and according
to the spectrophotometer, this was all in Fe**
ion form. Referring to Tab.4, DAS A reduced
97.7% of the total Fe concentration, and the
remaining 2.3% was comprised of 67% of Fe**
and 33% of Fe** ions. DAS B further reduced
99% of the total Fe concentration which was in
the Fe?* ion form. DAS C showed an increase
of 11.4% in the total Fe concentration which
was made up of 87% Fe** ions and 13% was
Fe** ions. RAPS A managed to reduce 98.5%
of total Fe concentration from the initial
132.1 mg/L in the AMD and the remaining
1.5% was all in Fe** form. RAPS B increased
the concentration of the Fe from RAPS A by
0.8% which was all Fe**. A Further 14.4%
increment of Fe concentration after exposure
to oxygen in RAPS C was analyzed and
detected to be 84% Fe** and 16% Fe*'.
Average Al concentration of the inlet was
110 mg/L. As presented in Fig. 6 and 7, while
the neutral pH level was reached, both systems
managed to reduce the Al concentration.
White precipitates were observed at the inlet
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weekly Al concentrations and pH from DAS for 21 weeks
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Figure 6 Al concentrations and pH levels of dispersed alkaline substrate for 21 weeks
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Figure 7 Al concentrations and pH levels of reducing and alkalinity producing system for 21 weeks

point of the both DAS and RAPS columns and
this could be associated with precipitation of
Al as AI(OH) such as gibbsite mineral. DAS A
had an average of 0.05 mg/L, DAS B showed
an average of 0.02 mg/L and DAS C showed
an average concentration of 0.02 mg/L in
21 weeks of operation. Similar to DAS,
RAPS system also managed to reduce the Al
concentration of AMD as seen in Figure 35.
RAPS A had an average of 0.04 mg/L, RAPS
B gave an average of 0.02 mg/L and RAPS C
gave an average concentration of 0.03 mg/L.

There was minimal Mn reduction by the
two passive treatment systems even though
the concentrations were still high above the
water quality range of the domestic water
standard. Average concentrations of Mn
for RAPS A, B and C were found to be 3.3
mg/L, 3.3 mg/L and 4.8 mg/L for 21 days
of running the experiment. According to
the study by Thomas & Romanek 2002, Mn
needs a very high pH, greater than 8, and
high oxidising conditions to precipitate out.
Average SO* concentration for AMD was
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