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Abstract 
 

Mines typically use active water treatment during operations and passive treatment upon closure. To test passive 

treatment options at the OceanaGold Waihi Operation, small-scale trials were installed at two sites with different 

chemistries and operated for five months. At the TU site, the water pH is 6.0-6.4, and contains an average of 20 

mg/L Fe and 8.5 mg/L Mn (dissolved). At the L-10 site, the water pH is 3.7-6.5, and contains an average of 6.9 

mg/L Fe, 112 mg/L Mn, 1.1 mg/L Ni, 0.73 mg/L Zn and 0.47 mg/L Co (dissolved). At each site, two systems 

were installed in parallel to compare different treatment options. One system consists of a vertical flow reactor 

(VFR) for Fe removal followed by a steel slag leaching bed (SLB) for trace element removal; the other system 

consists of a VFR followed by a limestone leaching bed (LLB). The VFRs removed up to 98% of the Fe. At TU, 

the SLB removed up to 12% of the Mn. The LLB removed up to 86% of the Mn. At L-10, the SLB removed up 

to 17% of the Mn, Ni 64%, Zn 96%, and Co 70%. The LLB removed up to 44% of the Mn, Ni 40%, Zn 60%, 

and Co 78%. Removal of Mn in the LLBs is likely through microbial and autocatalytic oxidation on MnO2. 

Removal of Mn in the SLBs was only successful at L-10, and only at levels of about one fifth that of the LLB. 

Correlation with pH suggests that removal of Mn in the SLB is likely through precipitation due to low solubility 

at higher pH. A second SLB was constructed at each site using a slag with greater CaO content. Preliminary 

results show the pH is raised to >12 and complete removal of Mn and other trace elements occurs. 
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Introduction 
 

The OceanaGold Waihi Gold Operation consists of the Martha open pit and the Favona, Trio, 

and Correnso underground gold mines located in Waihi New Zealand, North Island. Gold and 

silver are extracted from the ore in a processing plant at the mine. Following removal of the 

metals, the barren tailings are pumped as a slurry into a tailings storage facility containing two 

tailings storage ponds. Tailings Storage Facility Two (TSF-2) was constructed in 1987 to 

contain tailings and waste rock from the Martha open pit. Tailings Storage Facility One-A 

(TSF-1A) was constructed in 1999 to receive tailings from the Favona, Trio, and Correnso 

underground mines as well as tailings from the Martha open pit. Waste rock from the Martha 

mine open pit is utilised in the construction of the embankments for the TSFs. 

 

A network of drains collects seepage waters from tailings and waste rock in the TSFs. Some 

of these drains meet discharge requirements and discharge water directly to the environment. 

Some of the drains contain water quality that does not meet discharge requirements and this 

water is pumped to the water treatment plant for treatment prior to discharge to the 

environment. When necessary, water produced during mining activities is typically treated 

using an active treatment system, however, upon closure, most mine sites aim to treat residual 

mine water using passive treatment systems. In planning for eventual mine closure, 
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OceanaGold would like to explore passive treatment options that could be used to treat TSF 

drainage. 

 

The Centre for Minerals Environmental Research (CMER) is currently working on a Ministry 

for Business, Innovation and Employment (MBIE) research grant focused on understanding 

and managing environmental impacts of on-shore mining in New Zealand (contract 

CRLE1403). As part of this research, multidisciplinary science programmes are being 

completed at proposed, operational and closed mine sites, including the Waihi Gold Mine 

Operations. An objective of the programme is to determine treatment options for drainage 

from epithermal gold mines in the North Island of New Zealand. Exploring options at the 

TSFs at the Waihi Gold operations serves to fulfil this objective. 

 

The purpose of this work is to present the preliminary results of small-scale passive treatment 

systems treating two of the discharges from the TSFs at the Waihi Gold operations. 

 

Study sites 
 

The tailings underdrain (TU site) for TSF-1A consists of three drainage lines installed under 

the tailings which join near the central part of the TSF and then flow underground through a 

common pipeline to the southwest into Manhole MH-11 (Fig. 1). Manhole MH-11 receives 

drainage from multiple drainage lines from the TSF (including TU, UCD, LD6, T15, LM1, 

and a gravity inlet from MH-12). All these waters are combined and pumped to the water 

treatment plant. Water quality data for underdrain TU shows a water chemistry with neutral 

pH and elevated concentrations of Fe, Mn and, occasionally, Cu. 

 

Leachate drainage line L-10 (L-10 site) consist of two drainage lines installed under the 

northern embankment for TSF-2 which join near the northern edge of the TSF and then flow 

underground through a common pipeline to the north into collector sump T-13 (Fig. 1). 

Collector sump T-13 receives drainage from multiple drainage lines from the TSF (including 

L-10, T and SS. All these waters are combined and pumped to the water treatment plant. 

Water quality data for leachate drain L-10 shows a water chemistry with slightly acidic pH 

and elevated concentrations of Fe, Al, Mn, Ni, Zn, Co and Cu.  

 

Treatment system selection 
 

Passive treatment systems employ either a reducing or oxidising strategy in the treatment of 

mine drainage (Trumm 2010). In the reducing strategy, oxygen is consumed in the reactor, 

sulphate is reduced to sulphide and metals are removed from solution as metal sulphides. In 

the oxidising strategy, alkalinity and oxygen are added to the water to raise the pH high 

enough that metals are removed from solution as metal oxides, hydroxides and carbonates. 

Some metals, notably Mn, cannot be removed as sulphides and are typically removed in 

treatment systems through either adsorption onto Fe hydroxides or through the formation of 

oxides, hydroxides and carbonates. Since Mn is a primary contaminant of concern at both 

sites, oxidising systems are most appropriate. Two different treatment systems were installed 

in parallel at each site: (1) a vertical flow reactor (VFR) for Fe removal followed by a steel 

slag leaching bed (SLB) for Mn and other trace element removal; and (2) a VFR for Fe 

removal followed by a limestone leaching bed (LLB) for Mn and other trace element removal. 
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Figure 1. Tailings Storage Facility TSF-1A and TSF-2 drainage networks (from annual TSF monitoring reports 

by the Waihi Gold Operation). MH-11, containing the TU leachate and T-13, containing the L-10 circled. 

 

VFRs for Fe removal are a recent addition in passive treatment technologies (Sapsford et al. 

2015; Blanco et al. submitted 2016). These systems are gravel filter beds which remove Fe at 

neutral and moderately-low pH sites through oxidation of Fe and precipitation and filtration 

of particulate and nanoparticulate ferric hydroxide precipitates. VFRs have been shown to be 

very effective in New Zealand (Trumm et al. 2015) and are used here as a pre-treatment step 

prior to the SLB and the LLB systems. 

 

The metals present in the drainage have their lowest solubilities at the following pH (in order 

of increasing pH): Fe 3.5, Cu 7.0, Zn 8.5, Ni 9.3, Mn 10.6 and Co 11 (Macdonald et al 1971; 

INAP 2009). Waste steel slag from the steel making industry is a suitable media when the pH 

must be raised higher than can be accomplished with limestone (Ziemkiewicz and Skousen 

1998; Simmons et al. 2002; Skousen 2002). Peer-reviewed literature on the use of steel slag in 

the treatment of mine drainage is not abundant, however, field trials completed by Trumm and 

Pope (2015) at a closed metal mine in the North Island document the effectiveness of steel 

slag in New Zealand.  

 

Although the pH is not raised higher than 8 in an LLB, effective Mn removal has been shown 

to occur in these beds (Vail and Riley 1995; Tan et al. 2010). Work by Christenson et al. 

(2016) shows that up to 99% of Mn can be removed in a limestone bed (from a starting 

concentration of 2 mg/L), and that removal is mostly likely through microbial oxidation of 

Mn(II) and precipitation of Mn oxides.  

 

Methods 
 

Each of the VFRs was constructed using a 1 m³ intermediate bulk container (IBC) mirroring 

the systems in Sapsford et al. (2007) and Sapsford and Florence (2013). Each tank was filled 

with 2-6 cm-sized unreactive gravel at a thickness of 280 mm (TU site) and 120 mm (L-10 

site) which was overlain by 1 cm-sized gravel at a thickness of 100 mm (both sites). A 
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perforated drainage pipe was imbedded in the gravel at the base of the IBC. Water flowed 

vertically down through the gravel bed, into the drainage pipe, and the exit point was outside 

the IBC through a riser to maintain water level in each tank at 830 mm (TU site) and 800 mm 

(L-10 site).  

 

Both SLBs were constructed using IBCs filled to a height of 630 mm with waste steel slag 

from the electric arc furnace process at New Zealand Steel Limited (NZS). The material was 

Melter slag from iron making (10-20 mm size) and was reported by NZS to contain 14-17% 

CaO. Water flowed from one of the VFRs into the top of the SLB, vertically downwards 

through the bed, into a perforated drainage pipe at the base of the bed and out of the IBC 

through a riser to maintain water level in the tank at the top of the steel slag. 

 

Both LLBs were constructed using IBCs filled to a height of 900 mm of limestone (15-25 mm 

size). Water flowed from one of the VFRs into the top of the LLB, flowed vertically 

downwards through the bed and into a perforated drainage pipe at the base of the bed and out 

of the IBC through a riser to maintain water level in the tank at the top of the limestone.   

 

Monitoring of the influent and effluent for the systems was conducted on an approximately 

fortnightly basis for seven months. Samples from the TU systems were laboratory-analysed 

for pH, alkalinity, bicarbonate, Ca, Fe, Mn and Cu (dissolved), and Fe (total). Samples from 

the L-10 systems were laboratory-analysed for pH, alkalinity, bicarbonate, Ca, Fe, Mn, Ni, Zn 

and Co (dissolved), and Fe (total). Influent and effluent flow measurements were taken during 

each site visit by timing the length of time to fill a measuring cylinder. 

 

After seven months of operation, each SLB was taken off line and a new SLB was constructed 

at each site using KOBM slag (10-50 mm size). This slag is from steel making (rather than the 

iron making Melter slag) and contained 51-58% CaO. 

 

Results 
 

TU site 
 

The inlet water pH was 6.2-6.4, and contained 17.9-25 mg/L Fe (total), 17.6-23 mg/L Fe 

(dissolved) and 7.56-9 mg/L Mn (dissolved). Cu concentrations were below detection limits. 

The VFR preceding the SLB had an hydraulic residence time (HRT) of 49-97 h and removed 

91-98% of the dissolved Fe and 83-94% of the total Fe. The VFR preceding the LLB had an 

HRT of 45-97 h and removed 88-98% of the dissolved Fe and 69-94% of the total Fe. 

Removal in both VFRs was proportional to HRT. 

 

The HRT in the SLB (Melter slag) was 28-62 h. Outlet pH was 6.9-7.9. Mn removal was as 

great as 11.5%, however, the majority of the data show negligible Mn removal and instead 

show net export of Mn from the slag (average removal of -10%; Fig. 2). Longer HRTs in the 

SLB did not improve removal (Fig. 3). The HRT in the LLB was 38-98 h. Outlet pH was 6.5-

7.8. Mn removal was between 8% and 86% and showed a general decline in performance 

during the first three months, stabilising at removal percentages between 10% and 30% over 

the last three months (overall average removal of 38%; Fig. 2). Removal was generally 

greater at longer HRTs (Fig. 3). The LLB removed 112 g Mn from 39,600 L water (2.8 mg/L) 

over 189 days of operation. 
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Figure 2. Concentrations of Mn for inlet to systems and outlet from SLB and LLB for TU site. 

 

 
Figure 3. Percent removal of Mn by SLB and LLB for TU site. 

 

L-10 site 
 

The inlet water pH was 3.7-6.5, and contained 5.3-30 mg/L Fe (total), and 3.0-29 mg/L Fe, 

92-134 mg/L Mn, 0.99-1.54 mg/L Ni, 0.44-1.68 mg/L Zn and 0.4-0.71 mg/L Co (all 

dissolved). The VFR preceding the SLB had an HRT of 49-95 h and removed 65-99% of the 

dissolved Fe and 35-94% of the total Fe. The VFR preceding the LLB had an HRT of 51-112 

h and removed 67-99% of the dissolved Fe and 0-89% of the total Fe. Removal in both VFRs 

was proportional to HRT. 

 

The HRT in the SLB (Melter slag) was 31-62 h. Outlet pH was 6.2-7.6. Although net export 

of Mn occurred on two occasions, removal was documented on all other days (Fig. 4). 

Removal of metals was 0-17% Mn (average of 5.6%), 2.1-64% Ni (average of 28%), 21-96% 

Zn (average of 46%) and 0-70% Co (average of 24%; Fig. 5). Removal of Mn and all other 

trace elements was proportional to HRT (Fig 6). The SLB removed 155 g Mn from 36,700 L 
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water (4.2 mg/L) over 184 days of operation. The SLB also removed 13 g Ni, 14 g Zn and 5.2 

g Co. 

 

 
Figure 4. Concentrations of Mn for inlet to systems and outlet from SLB and LLB for L-10 site. 

 

 

Figure 5. Concentrations of trace elements for inlet to systems and outlet from SLB and LLB for L-10 site. 

 

The HRT in the LLB was 31-85 h. Outlet pH was 6.7-7.3. Mn removal was between 12% and 

44% (average of 26%) and showed a general improvement in performance with time (Fig. 4). 

The LLB also removed 12-40% of the Ni (average of 24%), 0-60% of the Zn (average of 

37%) and 26-78% of the Co (average of 56%) (Fig. 5). Removal of Mn and all other trace 

elements was proportional to HRT (Fig. 6). The LLB removed 1,043 g Mn from 42,800 L 

water (24 mg/L) over 184 days of operation. The LLB also removed 11 g Ni, 18 g Zn and 9.4 

g Co. 
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Figure 6. Percent removal of Mn by SLB and LLB for L-10 site. 

 

KOBM SLB preliminary results 
 

One data point is available for the SLBs containing KOBM slag for each site. At the TU site, 

the HRT was 27 h. Inlet Mn concentration to the SLB was 9.9 mg/L (dissolved). Outlet pH 

from the SLB was 12.5 and the outlet Mn concentration was 0.0059 mg/L (dissolved), 

equating to a removal of >99.9%. At the L-10 site, the HRT was 26 h. Inlet Mn concentration 

to the SLB was 112 mg/L. Outlet pH from the SLB was 12.4 and the outlet Mn concentration 

was 0.001 mg/L, equating to a removal of >99.9%. The SLB at L-10 also removed 99.9% of 

Ni, >99.7% of Zn and >99.9% of Co (all dissolved). 

 

Discussion 
 

The results from the passive treatment trials are promising, and suggest that a full-scale 

passive treatment system may be effective in treating TSF discharge from the Waihi Gold 

Mine operations upon eventual closure.  

 

VFRs 
 

The VFRs are removing Fe at relatively high percentages at both sites, similar to that 

observed for other neutral Fe-rich mine drainage water in New Zealand and overseas 

(Sapsford et al. 2015; Trumm et al. 2015; Blanco et al. submitted 2016). It is likely that Fe is 

removed through filtration of particulate and nanoparticulate Fe, microbial and heterogeneous 

oxidation of Fe(II) and heterogeneous precipitation of Fe(III) as ferrihydrite on the gravel 

substrate. VFRs should be used to remove Fe prior to treatment with either limestone or steel 

slag in LLBs and SLBs, otherwise, precipitation of iron hydroxides can plug the leaching beds 

and can armour the treatment media (limestone, slag) reducing treatment effectiveness, which 

has been well documented in the literature (Kepler and McCleary 1994; Ziemkiewicz et al. 

1997; Skousen et al. 2000). Further work at both sites will include quantification of Fe(II) and 

dissolved oxygen concentrations. 
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SLBs 
 

The SLBs constructed using Melter slag showed variable removal percentages. At the TU site, 

increased HRT resulted in increased pH, however, this was unlikely to be high enough for 

effective removal of Mn as Mn oxides, carbonates or hydroxides. The maximum pH attained 

at TU was 7.9 and the lowest solubility for Mn is at a pH of 10.6 (INAP 2009). Although 

Melter slag used in the work by Trumm and Pope (2015) showed a pH increase to as high as 

11, with resulting effective removal of Mn from solution, the Melter slag used in this study 

did not achieve similar increases in pH. It is possible that the CaO content of the Melter slag 

today is less than it was during the previous work. Further analyses of the Melter slag is 

planned to confirm the CaO content.  

 

Removal of Mn by the SLB at the L-10 site was much better than at the TU site. The pH was 

proportional to HRT and removal of Mn was proportional to the increase in pH, however, as 

with the TU site, the maximum pH attained (7.6) was far less than necessary for theoretical 

Mn removal. The inlet Mn concentration at L-10 was more than an order of magnitude greater 

than that at TU. Perhaps this very high concentration enhanced autocatalytic oxidation and 

precipitation of Mn or perhaps other conditions, such as the community of microbial Mn 

oxidisers or the oxidation states of Mn in the inlet water, favoured Mn removal at L-10. 

Regardless, the results at L-10 suggest that Melter slag can remove a proportion of Mn from 

solution (up to 17%). The percent removal of trace elements by the SLB was in the following 

order: Zn > Ni > Co. This is in the order of increasing pH of minimum solubilities for these 

metals (pH 8.5 for Zn, pH 9.3 for Ni, pH 11 for Co; Macdonald et al 1971; INAP 2009), but is 

also the order of increasing pH at which maximum adsorption of these metals occurs onto 

hydrous ferric oxide (Dzombak and Morel, 1990). Assuming that the adsorption pattern onto 

Mn oxides is similar to ferric oxide for these metals, either or both mechanisms may be 

removing these metals in the SLB (precipitation or adsorption). 

 

The preliminary results for the KOBM slag show exceptional performance in removal of Mn 

and other trace elements. Removal of these metals is likely to be due to minimum solubilities 

at the achieved elevated pH by the SLB. Operation of the KOBM SLBs will continue at a 

range of HRTs to determine potential operating parameters for a full-scale system.  

 

LLBs 
 

At the TU site, although there was marked decline in Mn removal by the LLB initially, data 

for the last three months show consistent removal of Mn at between 10% and 30%. There is a 

weak positive correlation between removal percentage and pH. Surprisingly, however, longer 

HRTs do not result in higher pH, so percent removal is not affected by HRT. It is unlikely that 

elevated pH is a major factor in Mn removal in a limestone bed since the pH of minimum 

solubility for Mn is much greater than can be achieved by limestone alone. It is more likely 

that microbial oxidation of Mn(II) is a primary mechanism and that autocatalytic oxidation 

and precipitation is enhanced with time as Mn oxides accumulate, as shown in the work by 

Christenson et al. (2016).  

 

Removal percentage of Mn by the LLB at the L-10 site has generally increased with time and 

is positively correlated with both HRT and pH (hence, unlike the TU site, pH increases with 

HRT). It is possible that due to the very high Mn concentrations at this site, autocatalytic 

oxidation and precipitation may be a much more important factor than at the TU site. After 

seven months of operation, over 1 kg of Mn had been captured by the system. The percent 
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removal of trace elements by the LLB was in the following order: Co > Zn > Ni, which is 

different to the SLB where the order was Zn > Ni > Co. Since cobalt has lowest solubility and 

maximum adsorption percentage onto ferric oxide at higher pHs than that of Zn and Ni, this 

high Co removal percentage is unexplained. However, it is likely that removal of these trace 

elements is by either or both mechanisms (precipitation and adsorption). The experiment will 

continue at both the TU and L-10 sites order to document performance of the LLBs over time. 

 

The advantage of an LLB over a SLB for treatment of Mn is that the pH will not increase 

much more than approximately 8, however, the advantage of an SLB over an LLB is that 

much lower concentrations of Mn can be achieved.  

 

Conclusions 
 

Two different passive treatment techniques were trialled at two different leachate drainages 

with elevated concentrations of Fe, Mn and a range of trace elements from the TSFs at the 

OceanaGold Waihi Operation. The systems consisted of (1) a VFR for Fe removal followed 

by an SLB (using Melter slag) for trace element removal, and (2) a VFR followed by an LLB.  

 

The VFRs in both systems at both sites were effective in removing up to 98% of the dissolved 

Fe. These systems removed Fe through filtration of particulate and nanoparticulate Fe, 

microbial and heterogeneous oxidation of Fe(II) and heterogeneous precipitation of Fe(III) as 

ferrihydrite on a gravel substrate. 

 

Contrary to expectations, the SLBs did not increase the pH to levels high enough for 

substantial Mn removal. The maximum pH attained was 7.9 (TU site) and 7.6 (L-10 site). The 

maximum percent removal at the two sites was 12% (TU site) and 17% (L-10 site), and only 

the L-10 site showed consistent removal. It is possible that the very high concentrations at the 

L-10 site (112 mg/L Mn) resulted in autocatalytic oxidation and precipitation of Mn or 

perhaps other conditions, such as the community of microbial Mn oxidisers or the oxidation 

states of Mn in the inlet water, favoured Mn removal at L-10. In addition to Mn, trace 

elements were removed by the SLB at the L-10 site in the following order of decreasing 

effectiveness: Zn > Ni > Co. This is the order of increasing pH of minimum solubilities for 

these metals as well as the order of increasing pH at which maximum adsorption of these 

metals occurs, suggesting that removal was solubility-controlled and/or due to adsorption onto 

Mn oxides. Additional SLBs constructed at each site using steel slag with a higher CaO 

content (KOBM slag) raised the pH of the leachate to >12 and showed removal of >99.9% of 

Mn and other trace elements. Experimentation with different HRTs continue for the SLBs 

containing KOBM slag. 

 

The LLBs were consistently better performers than the SLBs constructed with Melter slag. 

Percent removal averaged 38% (TU site) and 26% (L-10 site). Due to the very high Mn 

concentrations at L-10, over 1 kg of Mn was captured by the LLB. Removal of Mn is likely 

through microbial oxidation of Mn(II) and autocatalytic oxidation and precipitation as Mn 

oxides. Contrary to the SLB at the L-10 site, the percent removal of trace elements by the 

LLB was in the following order: Co > Zn > Ni. It is likely that removal of these trace 

elements is by the same mechanisms that may be occurring in the SLBs (precipitation and 

adsorption). The experiment will continue at both the TU and L-10 sites order to document 

performance of the LLBs over time. 

 

342



Acknowledgements 
 
This research was financed by OceanaGold and the Ministry for Business, Innovation and Employment, contract 

CRLE 1403. We thank Ngati Hako, Ngatiwai, Ngai Tahu, West Coast Regional Council, Waikato Regional 

Council, Northland Regional Council, Department of Conservation, Straterra, Minerals West Coast, 

OceanaGold, Solid Energy of New Zealand, Francis Mining Group and Bathurst Resources for their involvement 

and support for the research programme. More information on the Centre for Minerals Environmental Research 

(CMER), including research currently being undertaken, is available at: http://www.crl.co.nz/cmer/. 

 

References 
 
Blanco I, Sapsford DJ, Trumm D, Pope J, Kruse N, Cheong Y, McLaughlan H, Sinclair E, Weber P, Olds W 

Submitted 2016. International application of vertical flow reactors for coal mine water treatment. 

Submitted to Mine, Water and the Environment. 

Christenson H, Pope J, Trumm D, Uster B, Newman N, Young M 2016. Manganese removal from New Zealand 

coal mine drainage using limestone leaching beds. In: Proceedings of the International Mine Water 

Association conference, Leipzig, Germany, 906-912. 

Dzombak D, Morel FMM 1990. Surface complexation modeling. John Wiley & Sons. 393p. 

INAP (International network for Acid Prevention) 2009. Global Acid Rock drainage Guide (GARD Guide). 

http://www.gardguide.com. 

Kepler DA, McCleary EC 1994. Successive alkalinity producing systems (VFW) for the treatment of acidic mine 

drainage. Proceedings, International Land Reclamation and Mine Drainage Conference. USBM SP 06A-

94. Pittsburgh, PA. Pp. 195-204. 

Macdonald DD, Shierman GR, Butler P 1971. The thermodynamics of metal-water systems at elevated 

temperatures. Part 3: The cobalt-water system. Whiteshell Nuclear Research Establishment, Pinawa, 

Manitoba ROE 1L0. 

Sapsford D, Barnes A, Dey M, Williams K, Jarvis A, Younger P 2007. Low footprint passive mine water 

treatment: field demonstration and application. Mine Water and the Environment 26: 243-250. 

Sapsford D, Florence K 2013. Passive removal of nanoparticulate iron from AMD. Proceedings of the 26 th 

International Applied Geochemistry Symposium. 17-21 November 2013, Rotorua, New Zealand. p. 87. 

Sapsford D, Florence K, Pope J, Trumm D 2015. Passive removal of iron from AMD using VFRs. Proceedings 

of the 10th International Conference on Acid Rock Drainage and IMWA Annual Conference. April 21-

24, 2015. Santiago, Chile. 

Simmons J, Ziemkiewicz P, Black DC 2002. Use of steel slag leach beds for the treatment of acid mine drainage. 

Mine Water and the Environment 21:91-99 

Skousen J, Sextone A, Ziemkiewicz PF 2000. Acid mine drainage control and treatment. In: Barnhisel RI, 

Darmody RG, Daniels, WL ed. Reclamation of drastically disturbed lands. Monograph Number 41. 

American Society of Agronomy, Madison, WI, USA. Pp. 131-168. 

Skousen JG 2002. A brief overview of control and treatment technologies for acid mine drainage. In: 

Proceedings of the National Meeting of the American Society of Mining and Reclamation. Pp 879-899. 

Tan H, Zhang G, Heaney PJ, Webb SM, Burgos WD 2010. Characterization of manganese oxide precipitates 

from Appalachian coal mine drainage treatment systems: Applied Geochemistry, v. 25, no. 3, p. 389-399. 

Trumm D, Sapsford D, Rubio I, Pope J 2015. Application of vertical flow reactors in New Zealand for removal 

of iron from AMD. Proceedings of the annual conference, New Zealand Branch of the Australasian 

Institute of Mining and Metallurgy, 31 September to 2 October, 2015. 

Trumm D 2010. Selection of active and passive treatment systems for AMD – flow charts for New Zealand 

conditions. New Zealand Journal of Geology and Geophysics. 53:195-210. 

Trumm D, Pope J 2015. Passive treatment of neutral mine drainage at a metal mine in New Zealand using an 

oxidizing system and slag leaching bed. Mine, Water and the Environment, DOI 10.1007/s10230-015-

0355-3. Published online at: http://dx.doi.org/10.1007/s10230-015-0355-3. 

Vail WJ, Riley RK 1995. Process for removing manganese from solutions including aqueous industrial waste. 

U.S. Patent No. 5,441,641. 15 Aug. 1995. 

Ziemkiewicz PF, Skousen JG, Brant DL, Sterner PL, Lovett RJ 1997. Acid mine drainage treatment with 

armoured limestone in open limestone channels. Journal of Environmental Quality 26: 1017-1024. 

Ziemkiewicz P, Skousen J 1998. The use of steel slag in acid mine drainage treatment and control. In: 

Proceedings of the 19th annual West Virginia Surface Mining Drainage Task Force Symposium, 

Morgantown, WV, USA. 

343


	Adams et al (2017) Stockton Rock Properties - AusIMM 2017-08-08
	Barker et al 2017
	Cavanagh et al epithermal LCG Ausimm 2017
	Cheung_Kerry
	Chowles - Gaining Value from Historic Data
	Christenson
	Christie_Tony
	Doyle - Maximising profits from a challenging ore body_CorrectFormatting_V2
	Eppink
	Ewen
	Finnemore et al 2017 AUSIMM
	Gazley
	Harwood-Conference paper Review of Dust Monitoring Methods used at Quarries and Mines in New Zealand (1)
	Kemp_Andre
	Leckie - 2017 AusIMM Conference Paper 17-7 - Amendments 18 July 2017
	LEVI  POPE BROWN 2017 Final
	Longey Integrated Mine Waste Management Didipio Mine Philippines 2017 AusIMM C...
	Luketina_Genevieve
	MacGregor_Paper
	MacKenzie_2017
	Malloch-etal_Ausimm_2017_170803
	Martin_etal_RichmondRangeSoil_paper
	Morgenstern_Regine
	Mortimer
	Muir_Samantha1
	Neilson
	Petersetal2017_Final
	Pope et al 2017 AusIMM Te Kuha draft
	Rattenbury - AusIMM2017_GeologyRevealedFromAeromag_North
	Rattenbury - AusIMM2017_GeologyRevealedFromAeromag_South_v2
	Robertson_Campbell
	Scott James
	Simcock_final
	Simpson etal__Karangahake_TIMA v4
	Simpson__Fluid inclusions deep epi__AusIMM
	Sinclair v6_compressed
	smillie et al paper
	Sterk  Franey - RC Drill Sample Optimisation v1.6
	Trumm-AusIMM-2017
	UptonCraw_AusIMM_2017
	Weber et al Paper 2017 AusIMM
	Weir
	Youngson
	Posters_Combined.pdf
	Blank Page
	Blank Page
	Blank Page

	Blank Page



