Waiuta Gold Mine arsenic remediated in field trials
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Abstract
Dissolved As is strongly attracted to fine grained Fe(III) minerals, therefore Fe-rich minerals from acid mine
drainage (AMD) may be useful for treatment of As-contaminated water. We tested the remediation properties of
two hydrated Fe oxides on As from water at the Wauita Gold Mine, West Coast Region. The Fe oxides tested
include precipitate from the active AMD treatment plant at the Stockton Coal Mine and precipitate from AMD at
the abandoned Blackball Coal Mine. Previous laboratory-work had determined the adsorption kinetics and
adsorption capacity for each of the precipiates. This work applied these previous results to construction and
operation of field trials. Three passive treatment systems were operated on site, treating water containing 2-4
mg/L As: one with Stockton precipitate and two with Blackball precipitate at loading ratios of 119, 89, and 89g
precipitate/L water, respectively. Residence times in the systems were varied from 7 minutes to 6 days. Arsenic
concentrations were lowered to 0.5 mg/L at the shortest residence times (7 min) and below 0.05 mg/L for
residence times above 5 hours for the Blackball precipitate. The Stockton precipitate lowered As concentrations
to below 0.12 mg/L at residence times above 5 hours. In all cases, Blackball precipitate is more effective at As
removal than Stockton precipitate, likely due to the higher Fe content in the Blackball material. This work
suggests that a full-scale system containing either of the Fe oxides can be successful at the Waiuta Gold Mine
site. These results also show that waste material from coal mine AMD can be used as a treatment medium for
gold mine sites.
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Introduction
Arsenic extraction from mine waters is commonly achieved by oxidation of As(III) to As(V)
and coprecipitation of ferric arsenate with iron hydroxide (FeAsO4 • Fe(OH)3) in a highdensity sludge process in active treatment systems (Lawrence and Higgs, 1999; Leist et al.,
2000). Many workers have documented the removal of As from mine water by adsorption
onto various iron compounds including ferric hydroxide (Dousova et al., 2005; Küchler et al.,
2005), zerovalent iron (Wildeman et al., 2006), sulphate-ferrihydrite (Jia and Demopoulos,
2005), red mud produced during the extraction of aluminium from bauxite (Altundogan et al.,
2000, 2002), and natural red earth (Vithanage et al., 2007). Treatment of As-contaminated
mine water through adsorption and coprecipitation in a water treatment plant is reliable and
appropriate at active mine sites where power is available and personnel are on site to operate
the plant, however, active treatment can be prohibitively expensive at abandoned mine sites

that could continue to discharge As-contaminated water for many years post closure. Some
research has explored the possibility of passive treatment systems to remove As from mine
water through adsorption onto iron compounds (Küchler et al., 2005; Wildeman et al., 2006).
This study is based on a relatively unusual geological situation where gold mines, generating
As-bearing waters, occur in close proximity to coal mines generating AMD with iron
oxyhydroxide precipitates (HFO). In an ideal situation, the effluent AMD water from a coal
mine could be directly combined with As-bearing water from a gold mine to produce HFO
that adsorbs As. Unfortunately, this is not physically possible in this area, although some
dispersed coal mine HFO does contribute to extraction of As discharged from historic gold
mines downstream (Hewlett et al., 2005). In this study, we investigate the possibility of using
HFO from coal mines for extraction of As in a passive treatment system at a nearby historic
gold mine where waters with high dissolved As occur. Previous laboratory work by Rait et al.
(2010) focused on the kinetics of As adsorption and the adsorption capacity of two HFOs,
precipiate from AMD neutralisation at the Stockton Coal Mine, and precipitate from untreated
AMD at the abandoned Blackball Coal Mine. Here, we apply these results by constructing
and operating small-scale field trials for As adsorption at the historic Waiuta Gold Mine, near
Waitua, South Island, New Zealand.
Previous results
The work by Rait et al. (2010) found that the precipitate from the Stockton Coal Mine
neutralisation treatment contained Fe2O3 at a concentration of 13 wt% and was composed
primarily of Fe and Al oxyhydroxy sulphate minerals, whereas the precipitate from the
Blackball Mine contained 74 wt% Fe2O3 and was composed primarily of goethite and
ferrihydrite. Batch experiments documented that As adsorption for both HFOs is rapid over
the first 5 h reaching equilibrium after 24 h and that adsorption capacity is up to 12mg As/g of
HFO (Stockton material) and 74mg As/g of HFO (Blackball material). Blackball HFO
consistently lowered As concentrations lower than the Stockton HFO, primarily due to the
higher Fe content. A column leaching experiment verified that both HFOs can adsorb As from
a continuous waste stream.

Methods
Three small-scale treatment systems were constructed at the base of a large waste rock pile at
the Waiuta Gold Mine site. Water from the site flows through the waste rock pile and emerges
at a flow rate of about 2 L/s with As concentrations ranging from 2 to 4 mg/L (Table 1). The
treatment systems were constructed using 1000 L plastic tubs filled with sand/AMD
precipitate mixtures. Water flowed from a header dam through alkathene and PVC piping and
gate valves into the base of each tub, flowed upward through each unit and out the top
through PVC and alkathene piping. Upward flow was used to prevent plugging of the
perforated PVC piping with AMD precipitate and to prevent loss of AMD precipitate out of
each system. One tub contained Stockton material at a loading ratio of 119g precipitate/L
water, and the second and third tubs each contained Blackball material at a loading ratio of
89g precipitate/L water.

Table 1. Waiuta mine water chemistry used in the field trials.
Parameter
Dissolved Sodium
Dissolved
Potassium
Dissolved
Calcium
Dissolved
Magnesium
Sulphate
Total Alkalinity
Chloride
Nitrite-N
Nitrate-N

Units
mg/L

Result
2.4

Parameter
Nitrate-N + Nitrite-N
Dissolved Reactive
Phosphorus

Units
mg/L

Result
0.25

mg/L

0.90

mg/L

0.36

mg/L

13

pH

pH Units

7.4

mg/L

14

Dissolved Aluminium

mg/L

0.16

g/m3
mg/L as
CaCO2
mg/L
mg/L
mg/L

24

Dissolved Arsenic

mg/L

2.5

62

Dissolved Iron

mg/L

0.41

4.3
0.0028
0.25

Dissolved Manganese
Dissolved Nickel
Dissolved Zinc

mg/L
mg/L
mg/L

0.016
0.0032
0.038

The systems have operated for a period of 5 months and continue to operate. Flow rates were
varied to determine As removal for different residence times. One of the Blackball tubs
(Blackball-2) was initially operated at high flow rates to determine As removal at very short
residence times. Inlet and outlet samples were collected weekly from each tub or more often
for the very short residence time experiment.

Results and discussion
Arsenic was removed to lower levels at longer residence times for both HFOs (Fig. 1).
Arsenic was removed to below 0.05 mg/L for the Blackball HFO and to below 0.12 mg/L for
the Stockton HFO at all residence times greater than 5 hours. Better performance by the
Blackball HFO is likely due to the higher Fe content. Scatter in the data set is much greater
for the Stockton treatment system compared to the Blackball treatment systems, resulting in
much greater uncertainty when predicting treatment efficiency by Stockton HFO. Five
residence times under 1 hour were used in one of the Blackball systems (Blackball-2) to
determine treatment effectiveness at very short residence times (Fig. 2). The data show a good
logarithmic trend, suggesting that removal rates at these residence times are somewhat
predictable.
One outcome yet to be addressed is how long the precipitate can remain effective at short and
long residence times, and if the laboratory-measured adsorption capacities match well with
field trials. To address this, operation and sampling will be continued over the next year.
Analysis of results will provide information on the effectiveness of the treatment systems and
allow for later design of a full-scale treatment system.
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Figure 1. Arsenic concentration in outlet from field trials at residence times between 5 and 75 hours
in treatment systems. Stockton, tub containing precipitate from Stockton Mine AMD treatment;
Blackball-1 and Blackball-2, replicate tubs containing precipitate from Blackball Mine.
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Figure 2. Arsenic concentration in outlet from field trials at residence times between 5 and 40 minutes
in treatment system containing precipitate from Blackball Mine. Each data point is an average of 6
analyses.

Conclusions
Results confirm that the both the Blackball precipitate and the Stockton precipitate are
effective at As adsorption and can be used in a passive treatment system to remove As from
gold mine drainage. Blackball precipitate can adsorb more As than Stockton precipitate
likely due to a higher Fe content in the Blackball material. The use of AMD precipitate is
practical if there is a nearby, abundant source to the remediation area.
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