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1. Introduction 

The Savage River Rehabilitation Program (SRRP) has monitored water quality in the Savage River and 

its tributary, Main Rivulet (Main Creek) since 1998.  The SRRP uses monitoring results to identify water 

quality issues and the impact of the Savage River mine site on the downstream environment, to 

evaluate the effectiveness of remediation actions and prioritise future work.  

Previous water quality reviews were completed in 1999 (Koehnken and Ray), 2001 (Ray and 

Koehnken), 2005 (Koehnken), 2007 (Koehnken), 2009 (Koehnken), 2012 (SRRP), 2014 (Koehnken) and 

2016 (SRRP). 

This report includes; 

• A description of the water quality monitoring program; 

• Water quality trends (concentrations, mass fluxes and balances) in Savage River, Main Creek 
and their tributaries and assessment of known and potential acid drainage sources, focussing 
on 2015-2017; and 

• Recommendations. 
 

A related project to review ecotoxicity targets for the program is nearing completion. The next 

biological assessment of the Savage River and its tributaries is planned for late 2018. These will build 

on water quality results. 

2. Monitoring sites  

The SRRP samples thirteen sites on a monthly basis, as shown in Fig. 1 and summarised in Table 1 and 

2.  Ten of the sites are located in the Savage River catchment above Main Creek, two in the Main Creek 

catchment, and one downstream of the lease site near the mouth of the Savage River.  

Four of the sites are not direct sources into the Savage River or Main Creek (Table 2). Monitoring at 

these sites provides a better understanding of contaminated water movement on the mine lease. All 

water samples are analysed by Analytical Services Tasmania, a NATA-registered laboratory. Field 

measurements of pH, EC, temperature and turbidity are obtained on each monthly sampling visit. 

The SRRP sampled two extra sites monthly between July 2016 and July 2017, as input to the ecotoxicity 

review.  Those sites were Savage River above Old Tailings Dam (SRaOTD - the natural 

reference/control for the monitoring program) and Savage River at Battys Bend (SRaBB - located 

downstream of the Savage R - Main Ck confluence), as described in Table 1.   

Eight sites (‘Telemetered’ in Tables 1 and 2) have mulitiparameter sondes which record water level, 

pH, conductivity, temperature and turbidity at 15 minute intervals. These may be remotely 

interrogated on Entura’s Ajenti web site.  Entura manages and services these monitoring stations on 

a quarterly basis, under contract, and provides physico-chemical and flow data to SRRP quarterly, 

along with regular reports on system integrity and data quality.  

Monitoring results are stored in the EPA central database and accessed with the Splashback water 

management software.  
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Site Rationale Flow quality rating Telemetered 
Savage River 
above Old 
Tailings Dam 
(SRaOTD) 
 

Reference site re-established for the 
project to review toxicity targets.  Site 
sampled from July 2016 until June 2017 
(inclusive). 
 

No flow recorded or 
modelled at this site. 
Modelling is possible. 
 

N 

Old Tailings Dam 
North (OTDN) 

Direct discharges of historic 
contamination from the northern end of 
the Old Tailings Dam into Savage River.  
 

Good and stable. Y 

Savage River at 
Pump Station 
(SRaPS) 

Good long-term water quality site, 
includes inputs from OTDN and, prior to 
Oct 2006, inputs from North Dump Drain 
(NDD). The NDD diversion failed and 
reported directly to the Savage River 
above this site after floods on 18 Aug 
2007.  It was reinstated prior to 26 Nov 
2008.  
 

Flow is now modelled 
at this site, as 
measured flow record 
was unreliable due to 
poor hydraulic control 
at gauging site. 

Y 

South Lens Pit 
Outlet (SLO) 

Contaminated water from the North Pit, 
NDD, Brodericks Ck (via Bretts Drains), 
Centre Pit and intermittent road/site 
drainage is directed into South Lens 
where it mixes with high pH and alkalinity 
water.  
 

Fair, with 10% 
inaccuracy due to high 
turbulence at the weir. 

Y 

Savage River at 
Western River 
Crossing 
(SRaWRC) 

Established in March 2016 to refine the 
understanding of the middle part of the 
lease. 

No flow recorded or 
modelled at this site. 
Flow may potentially 
be modelled. 

N 

Broderick Creek 
below Waste 
Rock Dump 
(BCbWRD) 

Monitors performance of alkaline flow-
through drain and contributions of 
Brodericks Creek drainage to Savage 
River. 

Inaccurate flow data at 
higher flows (20% 
inaccuracy) due to 
backwaters from 
Savage River. 
 

Y 

Savage River 
below South 
West Rock Dump 
(SRbSWRD) 

Indicates impact from the lease on middle 
Savage River. 

Flow is now modelled 
at this site, as flow 
record was thought to 
be unreliable due to 
changes in hydraulic 
control at gauging site. 
 

Y 

Main Creek 
Tailings Dam 
Outflow (MCTD) 

Monitors the discharge from the Main 
Creek Tailings Dam which includes seeps 
from the Old Tailings Dam. Now feeds the 
newly commissioned South Deposit 
Tailings Storage Facility which discharges 
to lower Main Ck. 
 

Good and stable. Y 

Main Creek 
below South 
Deposit (MCbSD) 

Indicates impact from the lease on lower 
Main Creek before it joins Savage River. 
Catchment includes seeps from the B-
Dump complex and from the tailing dams.  
Will record effects of the new South 
Deposit Tailings Storage Facility (SDTSF). 

Good and generally 
stable. 

Y 
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Site Rationale Flow quality rating Telemetered 
Savage River at 
Battys Bend 
(SRaBB) 

A mid-catchment site, located 
downstream of the confluence of Main 
Creek and Savage River, established for 
the project to review toxicity targets.  Site 
sampled from July 2016 until June 2017 
(inclusive). 
 

No flow recorded or 
modelled at this site. 
Modelling is possible. 

N 

Savage River at 
Smithton Road 
Bridge (SRaSR) 

Site is 32 river km downstream of the 
mine, 2 km upstream of the Pieman 
estuary. It records overall inputs (as 
ameliorated by natural catchment 
inflows) and indicates what is being 
exported from catchment to the Pieman 
estuary.  
  

Flow is modelled at 
this site. 

N 

Table 1. Water quality monitoring sites on the Savage River and Main Rivulet catchments. 

 

Site Rationale Telemetered 
Brett’s Drain North 
(BDN) 

Historic seeps from Broderick Creek waste rock system, which 
enter South Lens. Instantaneous flow is monitored monthly. 
 

N 

Brett’s Drain South 
(BDS) 

Historic seeps from Broderick Creek Waste Rock Dump into South 
Lens. Instantaneous flow is monitored monthly. 
 

N 

North Dump Drain 
(NDD) 

Contaminated water from historic North Dump diverted to South 
Lens. Flow is not currently monitored. 
 

N 

Centre Pit North 
(CPN) 

Alkaline overflow from Centre Pit system into South Lens. Flow has 
been continuously monitored at this site since May 2011. 
 

Y 

Table 2. Additional sites monitored monthly which are not direct sources into the Savage River. 
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Fig. 1.  SRRP monitoring locations. 
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3. Water quality results and trends 

3.1 Rainfall and flow 

Rainfall is recorded at the Heazlewood pluviograph near the Savage River mining lease - instantaneous 

and cumulative daily records for 2015-17 are provided in Figs 2 and 3.  Whilst the catchment has a 

distinct winter/spring maximum precipitation, its location on Tasmania’s west coast means that 

significant frontal systems may affect the area at any time. Rainfall resulting from east coast tropical 

air masses is very infrequent, however sub-tropical Indian Ocean inputs, often associated with fronts 

and storm activity, can provide significant downpours in summer/autumn. Streamflow is generally 

flashy given near constant saturated conditions in catchment soils and hard surfaces in the mine. 

Some delays between rainfall and runoff can, however occur in particularly dry summers when 

buttongrass moorland peats absorb precipitation prior to runoff occurring.   

Whilst most 'tributary' sites have good flow records, the Savage River sites have unreliable bed control 

stability, with river bedforms altered by both flood events and human disturbance, particularly at the 

Savage River at Pump Station site where pumping requirements both alter the bed profile to optimise 

configuration of the offtake and may significantly reduce flows whilst pumping.  

Flow at sampling sites is determined in several ways:   

• BCbWRD, MCbSD, MCTD, SLO, OTDN, NCP: Water level is recorded and converted to flow 
using rating curves.  The Broderick Creek site is known to be affected by backwater from the 
Savage River during high flow, so the accuracy of higher flow measurements is likely to be 
significantly reduced;  

• SRbSWRD, SRaSR:  Flow is modelled using a rainfall-runoff catchment model. The use of the 
same model for the two sites results in similar discharge patterns, albeit different values due 
to catchment scaling. Whilst not as accurate as gauged sites, these modelled data provide an 
approach for calculating approximate mass flux information; 

• SRAPS: Prior to 2014 water level was recorded at SRaPS and converted to flow using a rating 
curve.  Due to changes in the site, a new rating is required and at present there are an 
insufficient number of measurements to derive a reliable rating curve. Flow is currently 
modelled using a rainfall-runoff catchment model; 

• BDN, BDS: Stage at v-notch weirs is measured instantaneously during monthly sampling trips 
and converted to instantaneous flows using standard v-notch equations. Degradation of 
infrastructure has reduced the reliability of flow calculations in recent years 

• NDD: A flow meter operated at the NDD pipeline until December 2015 but flow is not 
currently measured. 

• SRaWRC, SRaOTD, SRaBB: These sites are not currently gauged. Approximate flows may be 
calculated by using a proportional multiplier based on catchment size relative to SRaSR, 
SRbSWRD and SRaPS, however these results will be indicative only.  

Graphs of flow at continuously monitored sites are presented in each descriptive section.  
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Fig. 2.  Daily rainfall, Heazlewood pluviograph, 1 July 2015 – 30 June 2017. 

 

Fig. 3.  Cumulative daily rainfall, Heazlewood pluviograph, 1 July 2015 – 30 June 2017.
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3.2 Water quality trends – analyte concentrations, mass fluxes and continuous 

data 

SRRP collects water quality information through monthly instantaneous sampling and analysis, and 

continuous measurement of physical parameters. Continuous measurement of pH, conductivity, 

temperature and turbidity uses a suite of Hydrolab Minisonde 5 multiparameter sondes supplying 

Campbell dataloggers at 15 minute sampling intervals, with each site powered by solar rechargeable 

batteries. Sites are linked by telemetry to Entura’s Ajenti data management system. Sondes are 

maintained monthly by SRRP staff and field calibrated by Entura on a quarterly basis. 

Instantaneous water sampling in 2015-17 involved collection of unfiltered and field filtered (0.45 um) 

samples in pre-treated bottles provided by Analytical Services Tasmania (AST). Simultaneous field 

measurements of pH, conductivity, temperature and turbidity were made using a WTW combined 

pH/EC meter and a Hach turbidity meter. 

All concentrations were determined by Analytical Services Tasmania using the following techniques: 

• Dissolved and total metals; ICP-AES (Method 1301) and ICP-MS (Method 1311 - dissolved 

metals, samples filtered to 45 µm); 

• Acidity and alkalinity by titration; 

• Anions by ion chromatography (Method 1103); 

• Carbon (DNPOC) in water by wet oxidation (Method 1210); 

• pH and conductivity in water; 

• Nutrients; dissolved by FIA (Method 1205), total by FIA and Kjeldahl (Method 1206); 

• Total suspended solids by filtration, 45 µm, dried 104=/- 3°C (Method 1011). 

Detection/reporting limits for analytes are provided in Table 3. 

 

Table 3. Detection/reporting limits for SRRP analytes.   

Metals Anions Bulk Properties
Analyte (mg/L) Analyte (mg/L) Method 1103 Analyte (mg/L) Method 1210

1301* 1311* Bromide 0.1 NPOC Dissolved 0.3
Al 20 8 Chloride 0.05
As 20 1 Fluoride 0.05 Physical Properties
B 50 20 Sulfate 0.1 Analyte (mg/L) Method 1011
Ba 5 1 TSS 0.45 mm 1
Ca 100 80 Nutrients Dissolved
Cd 2 0.1 Analyte (mg-N/L) Method 1205
Co 3 0.5 Ammonia 0.05 *Method 1301 ICP-AES
Cr 2 1 Nitrate 0.02 *Method1311 ICP-MS
Cu 2 1 Nitrite 0.02
Fe 20 20 Nitrate+nitrite 0.02
K 50 80
Mg 50 80 Nutrients Total
Mn 5 1 Analyte (mg-N/L, mg-P/L) Method 1206
Mo 5 0.5 Nitrogen, Total 0.1
Na 50 80 Nitrogen/Kjeldahl 0.1
Ni 10 0.5 Phosphorus, Total 0.01
Pb 10 0.5
Se 30 2
Zn 2 2

Method
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Following recommendations for the ecotoxicology study (Hydrobiology 2015), analysis since July 2015 

has included more sensitive ICP-MS determinations of all metals (method 1311) at the Savage River 

and Main Creek sites; SRaSR, SRbSWRD, SRaPS, SRaOTD and MCbSD. Prior to this metals were 

analysed using ICP-AES. Dissolved non-purgeable organic carbon (DNOPC - at all sites) was also added 

then. These additions will continue in the ongoing program. 

Discussion of continuous and instantaneous data is grouped into various subcatchments, each of 

which contributes to the main channels of Savage River and Main Creek. These subcatchments are: 

• Savage River above Old Tailings Dam (SRaOTD). This includes the entire natural catchment 

of Savage River above the mine lease. This is a virtually pristine catchment located in the Savage 

River National Park and surrounding reserves. The SRaOTD site was established to quantify 

reference conditions for downstream monitoring and provide a control site for ongoing 

comparisons; 

• Savage River at Pump Station (SRaPS). Located downstream of SRaOTD, this main channel 

site combines: 

o natural Savage River flows from SRaOTD ; 

o inputs from the Old Tailings Dam North (OTDN) site, carrying the diverted headwaters 

of the natural course of Main Ck and joining the river just downstream from SRaOTD; 

and  

o inputs from tributaries draining the northeast and southeast flanks of North Dump 

not diverted to the North Dump Drain and streams draining material dumped 

southeast of North Pit. 

• South Lens Outlet (SLO). The South Lens is a large pit lake, used as a central neutralisation 

facility for the site. It receives a continuous supply of hard, alkaline water from surface runoff and 

groundwater. This alkalinity effectively treats ARD through inorganic complexing and 

precipitation of metals and neutralisation of acid. Inputs to South Lens include:  

o Bretts Drain North (BDN) and Bretts Drain South (BDS) (subsurface distributaries of 

the Brodericks Creek alkaline flow-through);  

o an intermittent inflow south of BDS (also a likely Brodericks distributary); 

o a perennial flow draining the dump between South Lens and North Pit;  

o the North Dump Drain outflow (NDD);  

o the outflow from North Centre Pit (NCP)  

and various intermittent surface flows which drain roads and washdown facilities; 

• Savage River at Western River Crossing (SRaWRC). This subcatchment combines all upstream 

flows from Savage River with the South Lens Outlet and Crusher Gully; 

• Brodericks Creek below Waste Rock Dump (BCbWRD). This subcatchment combines all 

surface and underground discharge into Brodericks Ck (now flowing entirely underground 

through an alkaline flow-through, which emerges just above the monitoring site). This site is just 

above the Savage River; 

• Savage River below Southwest Rock Dump (SRbSWRD). Between the Brodericks Ck 

confluence and here the Savage River abuts a series of waste rock dumps. The oldest directly 

adjoins the river, contributing ARD from both diffuse and point sources, some which have 
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coalesced into surface channels. The subcatchment combines these inputs with all upstream 

flows in the Savage River; 

• Main Creek below South Deposit (MCbSD). This subcatchment drains the southern (now 

submerged) outflows from the Old Tailings Dam via the Main Creek Tailings Dam (MCTD) site 

and the recently constructed South Deposit Tailings Storage Facility. This facility contains a 

significant alkaline flow-through which discharges to the surface just upstream of the monitoring 

site; 

• Savage River at Battys Bend (SRaBB). This monitoring site is located approximately 15 river 

km downstream from SRbSWRD. The subcatchment combines all upstream flows from the 

Savage River, Main Creek and tributaries. Additional sources of contamination below SRbSWRD 

on the Savage River and MCbSD on Main Ck include contributions from bank and floodplain 

sediments along both streams, deposited from early tailings dam failures/site discharges, and 

two point inputs from streams draining the southwest flanks of the Southwest Dump and South 

Dump into Savage River; and 

• Savage River at Smithton Road (SRaSR). The SRaSR sample site is situated below all inputs 

from the Savage River Mine lease, combining flows from both Main Creek and the Savage River. 

The sample point is 2 km above the Savage River junction with the Pieman River estuary but, 

being approximately 15 km downstream of Battys Bend, significant dilution and/or complexation 

by catchment tributaries occurs between these sites. 

Data on concentration trends of the major contaminants of concern to the SRRP from January 2005 

where available to mid-2017 are discussed in Sections 3.2.1 – 3.2.9 for each monitored site, extending 

the detailed analyses undertaken in 2014 (Koehnken 2014) and 2016 (SRRP 2016). Graphs illustrate 

dissolved and total concentrations of aluminium (Al), cobalt (Co), copper (Cu), iron (Fe), manganese 

(Mn), nickel (Ni), zinc (Zn) and sulphate (SO4).  

Monthly instantaneous total mass fluxes of all analytes are also presented for each site. These were 

calculated by averaging three flow points (sample time and both 30 mins before and after) and 

multiplying by measured concentrations. However, significant uncertainties exist within data where 

flows were modelled rather than measured (SRaPS, SRbSWRD, SRaSR). Instantaneous flows for the 

reference site (SRaOTD) and the new mid-catchment site (SRaBB) were estimated using a simple ratio 

of catchment size for each sample. Uncertainties are difficult to quantify, but data are included as they 

are the best source of information currently available on materials fluxes through the Savage River 

catchment, and inputs to the Pieman River estuary. 

Graphs and discussion of continuous data from hydrolab sondes (via Entura’s Ajenti database) are also 

provided. 

A discussion of the downstream progression of materials fluxes for 2016/17 is presented at the end 

of this section, illustrating the various inputs and losses of analytes (due to complexing with 

alkalinity/humics) at key sampling sites through a full seasonal cycle. Instantaneous flows are graphed 

along with downstream monthly data, providing context for individual mass flux charts and 

downstream progressions. Analysis of downstream mass balances is also provided, allowing an 

assessment of potentially anomalous inputs and losses to the system. 
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The SRaOTD subcatchment and monitoring site are discussed first, as they provide control/reference 

data for all sites downstream which have been affected by the mine. Data from this site are used to 

provide context for water quality targets, both currently used by SRRP and under development by the 

ecotoxicology project. Subcatchments contributing to Savage River and Main Creek are discussed 

next, followed by the Battys Bend site, which incorporates both main catchments. Finally, the SRaSR 

site is addressed, providing analysis of water quality just prior to the Savage River’s confluence with 

the Pieman River estuary after dilution/interaction with lower catchment tributaries. 
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3.2.1. Reference conditions – Savage River above Old Tailings Dam 

The SRaOTD site provides 

control/reference data for analyte 

concentrations and estimates of mass 

fluxes (using modelled flow data only) for 

mine-affected sites downstream. The site 

has been sampled only sporadically - the 

longest period comprised 12 monthly 

measurements in 1999-2000. To support 

the current ecotoxicology project, the site 

was also sampled monthly between July 

2016 and June 2017. 1999-2000 and 2016-

17 data are compared in Fig. 4 – mean 

annual concentrations of all analytes have 

changed little, with apparently significant 

reduction in mean sulphate 

concentrations, and some reductions in 

Co, Cu and Zn. Note on Fig. 4, Fe and Al are 

reported in mg/L rather than ug/L in order 

to be comparatively graphed.   

Whilst the reduction in sulphate 

concentration is difficult to explain, this 

comparison suggests that reference 

conditions do not generally change significantly over time, however more frequent (bi-annual) 

sampling would confirm this. 

Monthly concentration data  

Whilst most key analytes were present in low concentrations, apparently natural aluminium and iron 

concentrations were relatively high in the Savage River above the mine site (Fig. 5). Whilst some 

historical mining activity occurred in the catchment in the early c20th - most intensively in the 

Nineteen Mile Creek catchment - it is unlikely that high Fe and Al would be associated with this. Their 

source remains unknown; however, they are potentially solubilised by humic acids from mineralised 

strata beneath buttongrass and rainforest peatlands. Complexing with humic acids would make them 

less bioavailable than if they occurred as free ions. If natural, they are not likely to be harmful to the 

aquatic ecology which has adapted to these conditions over long periods (Ray and Koehnken, 2001). 

For the year’s data collected between July 2016 and June 2017, natural inputs of key analytes did not 

vary consistently with season. Clear winter/spring maxima were recorded for Al and Ni, with clear 

summer/autumn maxima for Fe, Mn and SO4. Whilst Co, Cu and Zn remained at or below detection 

levels all year, a single pulse of dissolved Cu was recorded in summer. 
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Monthly mass flux data 

Concentration data were used to estimate instantaneous mass fluxes of key analytes above the mine 

for 2016-17 (Figs. 6a and 6b). To achieve this, three flow points at SRaPS were averaged at the SRaOTD 

collection time, 30 minutes before and after, and multiplied by a factor dividing catchment area above 

the site by catchment area above SRaPS (reflecting the principles used to model flows at SRaPS, 

SRbSWRD and SRaSR). Calculated flows are presented in Section 3.3, where graphs illustrate the 

downstream progression of mass fluxes from reference to the lower catchment. Given significant 

uncertainties associated with flow modelling, these results are indicative only. However, with this 

proviso they remain useful for assessing semi-quantitative downstream comparisons of changes in 

flux. 

Mass fluxes were generally controlled by changes in flow rather than concentration, reflecting low 

concentrations of most analytes and high peak flows in the river. Relatively high fluxes of all analytes 

(for this site) occurred in winter-spring months, overriding the seasonal differences in concentrations. 

 

Fig. 4.  Comparison of reference data, SRaOTD 1999-2000 vs 2016-17. Note carefully the measurement 

units, which vary between analytes in order for simultaneous graphing. (From SRRP 2017). 
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Fig. 5. Monthly concentration data - Savage River above Old Tailings Dam (2016-17). Note 

concentrations for Co, Cu and Zn are maxima, reflecting laboratory detection limits (Table 3).  
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Fig. 6a. Monthly mass flux data - Savage River above Old Tailings Dam (2016-17). Fluxes for Co, Cu and 

Zn are maxima. Note - based on modelled flows.   
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Fig. 6b. Monthly mass flux data - Savage River above Old Tailings Dam (2016-17). Fluxes for Co, Cu 

and Zn are maxima. Note - based on modelled flows.   
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3.2.2. Savage River at Pump Station (SRaPS)  

Savage River at Pump Station 

is the uppermost site 

routinely monitored on the 

Savage River. The most 

significant ARD input above 

this site is the stream which 

drains the Old Tailings Dam 

via OTDN. There are probably 

also minor ARD seeps from 

the margins of North Dump 

which were unable to be 

captured by the North Dump 

Drain, and potentially short-

lived spills from the North 

Dump Drain diversion dam during high flows, ( although these have not been witnessed to date other 

than flood debris remains on the dam crest, and are considered unlikely to be a regular occurrence 

(T. Ferguson pers. comm.)). Whilst resulting metals concentrations are not high (primarily due to 

dilution) the annual flux of copper and manganese to the river above SRaPS remain significant (see 

Section 3.3). 

Monthly concentration data  

Concentrations of most analytes here do not show strong seasonal peaks, reflecting combined minor 

natural inputs above SRaOTD with more significant peaks from OTDN.  

Piping of the North Dump Drain ARD to the South Lens Pit was the main contributor to the 

improvement in water quality seen at this site (and others further down the catchment) prior to 2015. 

The diversion was first connected in October 2006 but was disconnected in August 2007 after floods 

destroyed the bridge where the pipeline crossed the Savage River. The pipeline was reconnected prior 

to 26 November 2008.  

The reduction in pollutants from this strategy is evident in the graphs presented in Fig. 7 in late 2007. 

Co, Cu, Mn Ni and SO4 all show a significant reduction in concentration at that time. Aluminium 

concentrations, already naturally high in the upper Savage catchment, have shown a modest decline, 

unlikely to be related to the NDD diversion. Similarly, Fe levels have been relatively stable. Zn 

concentrations have spiked for short periods throughout the record – the reasons for this are unclear 

but may be related to North Dump Drain diversion dam spillages. 

From 2008 onward, the trend in pollutant concentrations at this site has remained relatively constant. 

The diversion and continued mitigation of ARD from North Dump and addressing Cu flux from the Old 

Tailings Dam remain priorities.  
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Monthly mass flux data 

Fluxes of most analytes were generally low at this site, reflecting its location above most mine input 

points. Intermittent short-term spikes in most analytes are likely to reflect inputs to the Savage River 

downstream of the SRaOTD reference. These pulses can be partially explained by inputs from OTDN, 

although peak fluxes calculated there indicate that this source was at times minor in comparison with 

other yet unconfirmed sources between SRaOTD and SRaPS.  As natural concentrations of most metals 

in Savage River have historically been negligible, these anomalous fluxes may potentially be related 

to spilling of the dam used to divert flows from the North Dump to South Lens, although this has not 

yet been visually confirmed. They may also reflect instantaneous increases in flows from North Dump 

seeps downstream of the diversion dam.  

Long term mass fluxes of most analytes have remained reasonably stable at this site, reflecting 

consistent discharges from both the natural catchment and the Old Tailings Dam, which has not yet 

been subjected to any formal remediation treatments and retains a significant acid generating 

capacity and source of metal sulphides. As with most other sites, a series of large mass flux spikes in 

winter-spring 2016 reflect flood events in the catchment rather than long-term increases in metals 

flux. 

Continuous data 

The continuity of data from this site are very good, showing little drift between calibrations. Stage 

measurements are significantly affected by pumping, and physical changes to the downstream river 

bed control mean that an accurate rating cannot be developed for the site in its present configuration. 

Water temperature ranged from 5° in winter to 21° in summer, with diurnal pulses common.  

pH varied between 4.9 in Autumn 2017 and 7.5 units, generally inverse to stream depth, indicating 

inputs of humic acids during flood events and winter months. There does not appear to be any regular 

pulse in pH at the commencement of flushing events, although significant short-lived spikes were 

recorded at times, not apparently related to flow events. These are likely to have been caused by 

instrument error. 

Conductivity varied between approximately 45µS/cm and 105 µS/cm, with highest readings in late 

summer/autumn when the ratio between ARD concentration and flow is high, and lowest in 

winter/spring when dilutiuon is greatest.. Short-term dips in conductivity were closely related to 

increased streamflow, however there is no evidence of conductivity pulses during initial flushes, 

suggesting little buildup of dissolved ions between flood events in groundwater storages upstream of 

the site. 

Turbidity pulses were closely related to stream stage, although totals were low, ranging up to peaks 

around 500 NTU. Generally, turbidity fluctuated around 5 NTU or less between events in summer, and 

20 NTU in winter. 
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Fig. 7.  Monthly concentration data - Savage River at Pump Station (SRaPS). 
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Fig. 8a.  Monthly mass flux data – Savage River at Pump Station. Note – based on modelled flow data.  
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Fig. 8b.  Monthly mass flux data – Savage River at Pump Station. Note – based on modelled flow data.
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Fig. 9. Savage River at Pump Station continuous data - 1 July 2015 – 30 June 2017. Note flow data currently unavailable (source: Entura Ajenti database).



SRRP Water quality review 2017 18    

  

23 
 

3.2.2.1. Old Tailings Dam North (OTDN) 

Monthly concentration data 

Old Tailings Dam North is the 

only monitored AMD source 

upstream from Savage River 

at Pump Station.  The site and 

its catchment have remained 

relatively stable since closure 

of the dam in 1985, with no 

remediation activity to date. 

OTDN has high copper 

concentrations, but flow 

from this source is relatively 

low.  In general, metals and 

sulphate concentrations at 

OTDN have been slowly 

decreasing over time, 

particularly Cu, Ni, Zn and Co. Al and Fe concentrations have remained comparatively stable, with SO4 

concentrations decreasing slowly. 

Whilst not strongly seasonal, concentrations of Al, Cu and Fe peaked in winter-spring and decreased 

in autumn. Mn concentrations show distinct summer-autumn peaks, along with less obvious peaks in 

SO4.  

Monthly mass flux data 

Mass fluxes for all analytes here showed obvious seasonal pulsing (spring maxima) for all species, 

indicating that flows are generally more important than concentrations in controlling fluxes.  

As with many other sites, mass fluxes of most analytes appear to have increased over the last eight 

years, however this is likely to have been skewed by a series of high-flow sampling events in 2016. 

Continuous data 

The continuous data record at OTDN is reasonably high quality, although periodic loss of data from 

the conductivity probe suggests that it may become dry in periods of low water levels.  

The shallow, exposed site supports significant diurnal variations in temperature, with annual 

measurements ranging between 5 and 24°C.  

Instrument measurements of pH indicate a slow rise over the two years data, from approximately 4 

to 5 units, however manual field measurements suggest that this may be an artefact of degrading 

sensors, with manual field measurements very steady at approximately 3.8 units for the period. 

Similarly, the probes indicate a slow decrease in conductivity from approximately 300 to 250 µS/cm, 

however manual readings indicate that the conductivity has remained stable at approximately 280 
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µS/cm. It is likely that the stable, manual readings are more realistic, as instruments are calibrated 

shortly before measurement (as opposed to quarterly for the sondes). This doesn’t explain the long-

term drift in both, which should be compensated at calibrations – perhaps the drift is also caused by 

slow, long-term degradation of sensors. 

Turbidity at OTDN was generally very low (<5 NTU). An apparently significant pulse in turbidity in 

spring 2015 is unlikely to represent suspended sediment entrainment - manual field measurements 

do not reflect this pulse; it may be the result of algal/chemical deposition on the probe optics.  
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Fig. 10.  Monthly concentration data - Old Tailings Dam North (OTDN).  
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Fig. 11a.  Monthly mass flux data - Old Tailings Dam North (OTDN). 
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Fig. 11b.  Monthly mass flux data - Old Tailings Dam North (OTDN).
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Fig. 12. Old Tailings Dam North continuous data - 1 July 2015 – 30 June 2017 (source: Entura Ajenti database). 
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3.2.3. South Lens Outlet (SLO)  

South Lens is a large, 

abandoned pit lake containing 

alkaline water. This provides 

significant capacity to 

neutralise ARD and 

precipitate metals before they 

enter Savage River. The lake 

accepts flows from multiple 

sources and different 

catchments, including 

pumped flows from North Pit 

de-watering, the North Dump 

Drain (NDD), North Centre Pit 

(NCP), which in turn accepts 

flows from South Centre Pit, 

Bretts Drain North (BDN), 

Bretts Drain South (BDS), an intermittent drain which flows seasonally (south of BDS) and a minor 

perennial flow seeping from the North Pit divide to the north of BDN. The North and South Bretts 

Drains and intermittent drain are probably subsurface distributaries of the Brodericks Creek flow-

through (although this hasn’t been demonstrated by water tracing).  

South Lens also potentially accepts significant groundwater flows as it intersects karstic magnesite 

lenses which are associated with hydrothermal flows in the Main/Bowry Ck catchments below the 

mine (Houshold et al. 1999). Significantly elevated NO3 concentrations at SLO (approx. 400 times that 

at the SRaOTD reference site) also support a karstic origin for groundwater, although inputs from 

ANFO used in blasting may also contribute. Assessment of stable N isotopes may allow differentiation 

if necessary. 

Water quality in the South Lens Outlet is discussed first, followed by all monitored tributaries (note 

significant inflows from North Pit have not been monitored in the past due to access restrictions). 

Monthly concentration data 

Since 2005, concentrations of most analytes at SLO (Fig. 13) generally peaked in winter/spring (apart 

from Mn and SO4 which had autumn peaks). 

Trend lines for the entire period indicate an increase in metals concentration since the North Dump 

Drain diversion (along with increasingly significant seasonal fluctuations). This may indicate a slow 

decrease in the capacity of the lake to neutralise ARD, potentially limited by sources of alkalinity, 

although comparatively stable mass flux data suggest that this may also reflect dilution effects (see 

below). Post 2010, concentrations of most analytes appear to have stabilised, with slow decreases in 

Co, Mn, Ni and Zn.  

Understanding drivers of water quality (particularly the sources of alkalinity) and predicting future 

performance of the South Lens Pit is a current SRRP project.  South Lens is crucial to the ongoing 
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remediation outcomes of the SRRP and investigations into maintaining or enhancing its performance 

with improved precipitation of metals would be beneficial, as this may provide options for further 

addition of ARD from other locations in the mine in future. Gains in water quality more generally may 

also be achievable and provide additional environmental benefits.   

Monthly mass flux data 

Whilst concentration data indicate some initial increases, assessment of mass balances of all inputs vs 

the SLO output shows that there has been a substantial net removal of pollutants at the site scale 

following the North Dump Drain diversion (SRRP 2012). 

Data suggest that the mass load of metals and other contaminants primarily varied with flow. From 

mid-2010 to the end of record, the contaminant levels appear to have remained constant in relation 

to flow, suggesting that the overall water-treatment performance of the pit remains stable. The 

average copper load from the SLO is 1.8 kg/day, with a standard error of 0.2. This load is lower than 

the North Dump Drain (NDD) mass load entering the pit, which is 4.7 kg/day with a standard error of 

0.6, which illustrates the importance of South Lens to remediation strategies, especially considering 

the metal loads from other sources entering South Lens Pit water are also being treated. 

Mass fluxes of most analytes at SLO (Figs 14a, b) were very strongly seasonal, as both concentrations 

and flows generally reinforce one another. Where this does not hold true (eg Mn and SO4 

concentrations) spring flows are sufficiently higher than autumn to ensure that these analytes also 

had peak fluxes in spring. 

Overall, trends in mass fluxes have remained reasonably stable at SLO, with most analytes 

experiencing a very slight overall decrease in flux over the last eight years. However, since diversion 

of the North Dump Drain into the South Lens Pit, the decline in the combined pollutant flux from NDD 

and SLO is likely to have been a significant driver of improved metal concentrations in the lower 

reaches of Savage River. 

Continuous data 

Continuous data collected between July 2015 and June 2017 (Fig. 15) are generally good, although the 

datalogging system was offline between June and October 2016 following damage caused by a 

significant flood event in the Savage River. 

Temperature at the site varied seasonally, with winter–spring minima around 10°C and summer-

autumn maxima around 20°C. 

pH was very stable year-round, at approximately 7.8 units. This briefly decreased with major 

precipitation events, presumably diluting bicarbonate concentrations. 

Conductivity fluctuated seasonally, with winter-spring minima around 1500 µS/cm increasing to 

approximately 2000 µS/cm as ion concentrations increased through evaporation and decreased 

inflows. A significant drop in conductivity followed dilution by the June 2016 flood. At other times a 

short pulse of increased conductivity often occurred after smaller floods, presumably due to flushing 

of stored ions in the catchment, followed by dilution-related falls. 
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Turbidity at this site was almost always uniformly low (<5 NTU), although this increased significantly 

during the June 2016 flood (500 NTU peak). 

 
Fig. 13. Monthly concentration data - South Lens Outlet (SLO). 
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Fig. 14a. Monthly mass flux data - South Lens Outlet (SLO). 
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Fig. 14b. Monthly mass flux data - South Lens Outlet (SLO). 



SRRP Water quality review 2017 18    

  

34 
 

 

 

 

Fig.15. South Lens Outlet continuous data (source: Entura Ajenti database).
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3.2.3.1 Bretts Drain North (BDN) 

Bretts Drain North is a 

perennial flow emerging 

from dumped material to 

the west of South Lens. It is 

probably a distributary of 

the Brodericks Ck 

flowthrough, although this 

has not been demonstrated 

by tracing. Analysis of this 

site performs two potential 

functions – monitoring 

processes within the 

Brodericks flow-through 

and documenting the 

chemistry of a major input 

to South Lens. At times, 

concentrations of metals have been higher than corresponding samples from the Brodericks Creek 

outflow site (BCbWRD). Koehnken (2008) suggests that, based on re-construction of the history of 

dumps, it is likely that this distributary passes through a higher proportion of A Type rock downstream 

of the subsurface bifurcation point, bypassing the PMI alkaline flow-through and resulting in higher 

ARD generation capacity. 

Monthly concentration data 

These data indicate a general decline in the concentrations of metals of concern, although there is a 

distinct step rise in Al concentration at June 2012. This may be due either to dumping of a body of Al 

generating material upstream or (more likely) an instantaneous change in the underground flowpath 

due to erosion/blockage of conduits. The high Al spikes recorded in BCbWRD in summer 2013/14 and 

14/15 aren’t reflected at this site, suggesting an Al source downstream of the bifurcation point. 

Sulphate readings on average are also decreasing slowly. 

Most analytes show a distinct seasonal pulse, with higher concentrations of Al, Co, Cu, Ni and Zn and 

SO4 peaking in winter-spring and Fe and Mn in summer-autumn. Koehnken (2008) suggests that, for 

the main Brodericks Ck outflow the winter-spring peaks may be due to flushing of metals produced 

by oxidation in lower summer water levels. The reasons for the summer-autumn Mn and Fe peaks are 

unclear. 

Monthly mass flux data 

Monthly mass fluxes were not calculated as no reliable flow data is available for this site. 

Continuous data 

This site was not continuously monitored. 
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Fig. 16.  Monthly concentration data - Bretts Drain North (BDN). 
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3.2.3.2. Bretts Drain South (BDS) 

Bretts Drain South is a 

perennial flow emerging 

from dumped material to the 

west of South Lens, also 

presumed to be a 

distributary of the 

underground course of 

Brodericks Ck. Again, this has 

not yet been confirmed by 

tracing. Trends in analyte 

concentrations are quite 

different to BDN, suggesting 

the subsurface flowpath is 

significantly different. 

Monthly concentration data 

Whilst ongoing decreases in Cu and Zn concentrations are evident here, significant proportional 

increases in Co and Mn are apparent (although absolute concentrations are low). There have been 

slight increases in Al and SO4 concentrations, with changes in aluminium concentrations reflecting 

BDN. Canges in Mn are not reflected at BDN. Fe and Ni concentrations have remained essentially 

stable. Apparent step changes reflect laboratory detection limits (see Table 3). 

These data also show some seasonality, although this doesn’t parallel BDN. Whilst most metals at BDN 

exhibit winter-spring peaks, BDS peaks are generally in summer/autumn (Ni is the exception). This 

probably reflects local differences in groundwater flowpaths through the waste rock, with differing 

effects of oxidation/saturation and flushing at different times of the year. These differences are 

compared with results from BCbWRD in Section 3.2.5. 

Monthly mass flux data 

Monthly mass fluxes were not calculated as no reliable flow data is available for this site. 

Continuous data 

This site is not continuously monitored. 
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Fig. 17. Monthly concentration data - Bretts Drain South (BDS). 
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3.2.3.3. North Centre Pit (NCP) 

The North Centre Pit 

monitoring site is just above 

South Lens, accepting flows 

from the Centre Pit 

subcatchment. This includes 

North Centre Pit, South 

Centre Pit and catchment 

flows from hard surfaces and 

roads. A significant 

intermittent input is 

generated by the overflow 

from the Emergency Tailings 

Dam and its catchment into 

South Centre Pit, following 

rainfall events.  

As flows at the NCP monitoring site are perennial, but all catchment inputs are intermittent, the minor 

flow buffering capacity of North and South Centre Pits suggests that this catchment is also fed by 

significant groundwater inputs. Elevated nitrate concentrations at this site (200x that at the SRaOTD 

reference) suggest that the groundwater may be sourced from karstic magnesite, resembling SLO. 

Whilst residual N from ANFO used in blasting may potentially contribute nitrate, blasting in this 

catchment has been minimal in recent years and, given nitrate’s high solubility, it is unlikely to form 

the major source. As with SLO, assessment of stable N isotopes may allow the source to be refined. 

Monthly concentration data 

Data indicate a slow increase in average concentrations of total Al and Cu, with decrease in Mn and a 

slight decrease in Zn. SO4 levels are also slowly decreasing. Co, Fe and Ni have remained essentially 

stable.  

Most analytes show strong seasonal pulsing, with all values peaking in winter-spring. These results 

reflect the maturity of the catchment, with little physical alteration over the monitoring period. It is 

likely that winter pulses were driven by flushing of water saturating the ore deposit, previously 

oxidised during low summer groundwater levels. 

Monthly mass flux data 

Fluxes of most analytes here have a strong seasonal pulse, with all having marked winter/spring peaks. 

These coincide with similar concentration peaks. 

Long term trends are variable, with flux of most analytes (Alkalinity, Ca, Co, Mg, Ni, Zn and SO4) not 

changing significantly since 2010. Acidity, Al and Cu exhibit a slight increasing trend, whilst Fe and Mn 

show slight decreases. 
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Continuous data 

Data quality at this site is somewhat compromised by algal growth and/or chemical deposition 

(carbonates?) on the sondes and sensors between cleaning/calibrations. 

Flow data are generally reliable, although thick algal/chemical deposition on the bed of the control 

structure can affect the depth of readings, particularly in summer.  

Temperature readings are not significantly affected, ranging between an average winter minimum of 

approximately 10°C and summer average maximum of 18°C.  

pH readings also appear reasonably immune to algae, with stable readings varying between 

approximately 6.7 in winter and 7.3 units in summer. 

Conductivity measurements appear to be somewhat affected by algal growth/chemical deposition. 

The conductivity sensor appears to have malfunctioned for a short time in January 2016 and for the 6 

months following the June 2016 flood event (concentrations of major sources of conductivity, eg SO4, 

did not drop during these episodes). When valid, readings here are some of the highest on site, ranging 

between approximately 1900 µS/cm in winter and 2500 µS/cm in summer. These reflect high 

concentrations of SO4 (and to a lesser extent HCO3) and associated metal ions resulting from ARD 

production.  

Turbidity readings here appear to be significantly influenced by biofouling/chemical deposition on or 

surrounding the probes, illustrated by large apparent peaks which are not supported by field 

measurements.  
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Fig. 18. Monthly concentration data - North Centre Pit North (NCP). 
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Fig. 19a.  Monthly mass flux data – North Centre Pit.  
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Fig. 19b.  Monthly mass flux data – North Centre Pit.
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Fig. 20. North Centre Pit continuous data (source: Entura Ajenti database).
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3.2.3.4. North Dump Drain (NDD) 

North Dump Drain is the 

most significant ARD source 

to the South Lens. Seeps 

feeding a watercourse 

running parallel to the dump 

are captured and diverted 

into a gravity fed pipeline at 

a small diversion dam. The 

pipeline falls approximately 

70 m via a stilling tank, 

crossing the Savage River 

and entering South Lens at 

its northeastern end. Its 

diversion from a direct 

connection with the Savage 

River in 2007 provided the 

most significant reduction in 

ARD flux to the river since the SRRP commenced. 

Monthly concentration data 

Concentrations of all analytes remained high but are generally decreasing slowly. The exception is Fe, 

which increased significantly in the last 4 years of monitoring. 

All metal concentrations other than Ni show clear seasonal fluctuations, with Mn and Fe peaking in 

summer and the remaining analytes in winter/spring. 

Monthly mass flux data 

Mass flux data may be assessed between May 2011 and January 2016, when flow was gauged in the 

pipeline. Flows have not been monitored over the last 18 months due to equipment failure. 

For the recorded flows, the site experiences very strong seasonal trends, with all analytes peaking in 

spring. These correspond with concentration peaks (other than Mn and Fe), indicating that a combination 

of concentration and flow is the main control on flux. 

Over the longer term data indicate that, other than Fe (which increased slightly), all analytes experienced 

a very gradual long-term decrease in mass flux. The continued treatment of this water both at the source 

and within the South Lens is a therefore a priority as fluxes remain comparatively high. As mass flux of 

metals has not significantly decreased here and the pollutants are mitigated with the South Lens Pit water 

body, there remains potential for improvements in management of waste rock in this dump if the 

neutralisation capacity of South Lens is to be maintained/enhanced. 

Continuous data 

No continuous data were collected at this site.  
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Fig. 21. Monthly concentration data - North Dump Drain (NDD). 
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Fig. 22a. Monthly mass flux data - North Dump Drain (NDD). Note flow measurements ceased Jan 2016. 
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Fig. 22b. Monthly mass flux data - North Dump Drain (NDD). Note flow measurements ceased Jan 2016. 

 

  



SRRP Water quality review 2017 18    

  

49 
 

3.2.4. Savage River at Western River Crossing (SRaWRC) 

Monthly concentration data 

This site is located just 

downstream of the main 

road crossing over Savage 

River. It integrates all 

upstream inputs to the river, 

including the Old Tailings 

Dam North drainage, North 

Dump seeps, the South Lens 

Outlet, seeps from Crusher 

Gully and significant 

intermittent inputs from 

roads and surface drainage 

of the site. 

Previous water quality 

reviews suggested the 

presence of an unidentified 

source of copper to the Savage River above the Southwest Rock Dump site (SRbSWRD), up to 4kg/day 

from either Crusher Gully or the Southwest Dump (SRRP 2012).  This sampling location was established 

in April 2016 to refine the understanding of water quality in the middle part of the lease by isolating 

Brodericks Ck and SRbSWRD inputs, however progress in this area will rely on improvements to flow 

gauging/modelling in the Savage River here and at SRaPS/SRbSWRD. 

It is probably too early to discuss trends at this site, as instantaneous flow conditions at sampling times 

have the potential to significantly affect sample concentrations. Some broad trends in seasonality may 

be seen – there was a summer/autumn pulse in all analytes other than Al, most likely due to the significant 

capacity of the Savage River to dilute mine inputs in winter floods. Al is the only exception with a weak 

winter maximum – reflecting winter Al peaks from both OTDN and SLO. 

Monthly mass flux data 

Whilst mass flux information from this site would allow deductions to be made about the location of un-

accounted ARD sources between SRaPS and SRbSWRD - potentially Crusher Gully or the Southwest Rock 

Dump - producing flow estimates based on either catchment size relative to nearby modelled sites (SRaPS 

and SRbSWRD) or additive methods ( eg SRbSWRD + BCbWRD) would be inappropriate at this stage as 

likely errors would be too great to allow useful conclusions to be drawn. At present, high flows in BCbWRD 

are unreliable due to backflooding from Savage River, and the behaviour of the BCbWRD catchment in 

flood events is likely to be strongly affected by mine activity – precluding the use of simple catchment 

size ratios to estimate its contribution to flows at SRbSWRD. Improved gauging/modelling are required. 

Continuous data 

No continuous data were collected at this site.  
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Fig. 23. Monthly concentration data - Savage River at Western River Crossing (SRaWRC). 
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3.2.5. Broderick Creek below Waste Rock Dump (BCbWRD) 

The Broderick Creek Waste 

Rock Dump is currently the 

main disposal area for the 

mine. It has been built over a 

flow-through of alkaline 

rock, neutralising ARD and 

permitting the water within 

Broderick Creek to flow 

under the waste rock dumps. 

In recent years practice has 

been to dump alkaline 

material upstream in the 

base of the valley, 

maintaining transmissivity 

for Brodericks Ck flows, 

compacting a clay cap to 

reduce infiltration, then covering the cap with PAF materials. The effect is to maintain a fresh source of 

alkaline material to neutralise any seepage from overlying PAF material, including older downstream-

dumped material, along the length of the dump. This alkalinity may also help remediate ARD in the 

distributaries flowing to the Bretts Drains, which traverse acid forming material dumped prior to 

construction of the alkaline drain.  The flow-through also provides alkalinity to the downstream 

environment in Savage River, which assists in reducing metal toxicity from other tributaries. 

This is a particularly important monitoring site, as it may be used to assess the performance of the current 

waste rock disposal system, including the requirement for any changes to the composition of waste rock 

mixtures, the need for cover systems, or isolation of D type materials in PAF cells. 

Whilst the sub-aqueous design of the flow-through minimises the potential for precipitation of oxides on 

carbonate surfaces (which would reduce the neutralising capacity), previous studies have suggested that 

parts of the dump are seasonally exposed to alternating cycles of oxidation and flushing, which may 

encourage deposition. Water and rock management should therefore aim to reduce both the time the 

flow-though is exposed to oxidising conditions, and to provide an appropriate mix of alkaline and PAF 

waste rock to ensure that acid-base reactions result in pH neutral flows. 

Monthly concentration data 

After 4 years of relatively little ARD generation from this source (Summer 2008 – 2012), summer peaks in 

various metals concentrations returned in 2012-13 – although at lower total concentration than pre-

2008. Al, Co, Cu, Fe, Mn and Ni concentrations all show distinct summer-autumn peaks, although Co and 

Cu peaks have been minor. Zn has continued to decline with minor seasonal pulses. Sulphate peaks are 

also significant but lag behind metals, with winter-spring maxima. 

Summer Mn peaking is particularly pronounced – it is possible that the process follows that described by 

Koehnken (2008 p. 14) where seasonal oxidation then flooding and subsequent drainage of Mn-rich A 

type material drives pulsing. 



SRRP Water quality review 2017 18    

  

52 
 

Fig. 24 shows that alkalinity production at this site may be approaching either a plateau or a turning point. 

It will be important to closely monitor and review the data to ensure that this is not being caused by 

increased ARD generation within the waste rock. The data also indicate that there has been a small 

increase in manganese after 2012, which remains a concern. Sulphate concentrations remained relatively 

constant (whilst fluctuating seasonally) all of which supports the possibility that alkalinity production is 

plateauing.  

Whilst it is likely that the Bretts Drains are distributaries of this system, metals pulses do not generally 

match, indicating the likelihood of flow through significantly different waste rock sources below the 

bifurcations. The nature of the bifurcations could change instantaneously through blockage or erosion of 

new flowpaths; this is somewhat supported by step-changes in some metals concentrations in the drains, 

which did not occur at the Brodericks Creek monitoring site. 

Quantitative water tracing to differentiate the proportion of flows to Broderick Ck outflow and Brett's 

Drain North and South, and assess breakthrough characteristics may assist in the understanding of this 

system. Maintaining a high level of alkalinity above the bifurcations is important to treat flows from the 

drains before they enter South Lens. Continued upstream dumping of alkaline waste rock in the 

Brodericks Ck valley is likely to achieve this, however inputs should be closely managed. Given that 

alkalinity may now be plateauing, continued monitoring of all three outflows remains important. 

 

 

Fig. 24. Sulphate, total alkalinity (CaCO3) and manganese concentrations over time at the Broderick Creek 
below Waste Rock Dump site.  
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Monthly mass flux data 

Derivation of mass fluxes for this site is difficult due to the unreliability of high flow readings - significant 

gaps in the record post 2014 are due to unacceptable errors in flow data. Correlations between 

concentration and flux peaks at BCbWRD are complex. Whilst fluxes all generally peaked in winter-spring, 

Al, Fe, Ca, Mg, Co, Cu and Mn concentrations peaked in summer-autumn.  

Long-term mass flux data indicate a gradual increase since 2010, more likely due to larger flow events at 

sampling times rather than concentrations (these have generally fallen). 

Continuous data 

The continuous record at Brodericks Creek is of moderate/poor quality – summer-autumn data is often 

unreliable because water level dropped below the sensors at these times and winter peak flows are 

affected by Savage River backflooding. 

Temperature of the outflow water ranged between 10°C in winter and 12.2° in summer (where available), 

the low range attributable to moderating effects of the subsurface flowpath. 

pH in the outflow is generally very stable, ranging between approximately 7.5 and 8 with a broad winter 

minimum. 

EC generally follows sulphate concentrations with winter-spring maxima and ranges between 750 and 

1500 µS/cm. 

Turbidity at the site us uniformly very low (where data are reliable), with few peaks above 5 NTU, 

indicating significant filtering through the upstream alkaline through-flow. 
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Fig. 25. Monthly concentration data - Broderick Creek below PMI Wast Rock Dump (BCbWRD) 
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Fig. 26a.  Monthly mass flux data - Broderick Creek below PMI Wast Rock Dump (BCbWRD)  
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Fig. 26b.  Monthly mass flux data - Broderick Creek below PMI Wast Rock Dump (BCbWRD).
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Fig. 27. Broderick Creek below Waste Rock Dump continuous data (source: Entura Ajenti database).
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3.2.6. Savage River below South West Rock Dump (SRbSWRD)  

This sample site monitors the pollutant 

load from the northern section of South 

West Rock Dump combined with natural 

and mine sources upstream. This dump is 

situated on the very edge of the river, so 

ARD is difficult to mitigate via collection 

and treatment. Given the placement of 

the dump (prior to ABM & Grange 

operations) there may be some potential 

for high, erosive flows to transport 

material from this site directly into the 

channel of Savage River. There is some 

visual evidence of recent debris inputs to 

the river from a landslip in a small 

tributary, approximately 150 m 

downstream of the monitoring site. Some 

minor bank erosion of waste rock material 

is apparent above the site. 

The monitoring site is located immediately 

adjacent to a series of seeps in the mid-

section of the dump – it is unclear whether 

sufficient time is available to allow 

complete mixing with upstream river water, so data may not be truly representative of river water 

concentrations.   

A perennial eastern tributary of the river enters the main channel approximately 150 metres 

downstream of the sampling site, carrying significant concentrations of sulphate and some metals. This 

is the downstream-most input of AMD to the Savage River above the Main Ck confluence; however, it 

is not accounted for by the SRbSWRD monitoring data. 

Monthly concentration data 

The water quality at the SRbSWRD sample site shows a reduction in pollutant concentrations following 

the diversion of the North Dump Drain in 2007 (Fig. 28). As a result, the relative proportion of pollution 

coming from SRbSWRD from a whole-of-site perspective is likely to have increased, as it has not been 

remediated, other than by ageing and minimising disturbance. In places a good tree cover has 

established, predominantly Blackwood (Acacia melanoxylon). 

In general, metal pollutant concentrations here have been slowly decreasing, along with a gradual 

increase in SO4. Analyte peaks do not follow any regular seasonal pattern, reflecting seasonally mixed 

upstream contributions. 
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Monthly mass flux data 

Calculation of mass flux at SRbSWRD is based on modelled rather than gauged flows, like other sites 

along the main stem of Savage River, so accuracy of the data is only moderate. However, best estimates 

of flux remain a valid approach to understanding throughput of analytes, given that in the absence of 

appropriately gauged sites this is the best available data to characterise movement of analytes along 

the river and inputs to the Pieman estuary. 

Fluxes of all analytes have peaked in winter-spring, demonstrating that streamflow rather than 

concentration is the main driver of mass fluxes in this part of the river. 

Data suggest that over the long term, fluxes of most analytes are gradually increasing, however like 

other sites it is probable that the slope of trendlines has been significantly influenced by a series of 

abnormally high flow peaks late in the data series, in 2016. Whilst this appears inconsistent with an 

ongoing reduction in concentration of most analytes, sample dates cannot be controlled for practical 

reasons. A run of high flow samples has produced an apparent increase in flux for 2016 samples, as 

compared with previous low-slow samples, increasing the slope of trendines. This suggests that flushing 

of stored ARD has overcome dilution effects during past high flow sampling events. 

Continuous data 

Continuous data quality at this site is poor.  As the stream gauge has not been operating for some years, 

flow data is based on a model generated using the Heazlewood rain gauge calibrated against flows 

gauged previously here and downstream at the Doodys Creek junction. Visual interpretation suggests 

that both modelled high and low flow peaks are significantly truncated compared with gauged flows 

when those were available. 

Other parameters are unreliable due to burial of the sonde unit under bank sediment for much of the 

period. This was exacerbated following deposition of large logs at the site during the June 2016 floods. 

Temperature readings are probably reasonable, ranging between 8°C in winter and 19°C in summer. 

However, the other parameters (pH, conductivity and turbidity) are not sufficiently reliable to comment 

on. 
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Fig. 28. Monthly concentration data - Savage River below South West Rock Dump (SRbSWRD). 
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Fig. 29a. Monthly mass flux data – Savage River below Southwest Rock Dump. Note fluxes based on 

modelled flows.  
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Fig. 29b. Monthly mass flux data – Savage River below Southwest Rock Dump. Note fluxes based on 

modelled flows. 
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Fig. 30. Savage River below South-west Rock Dump continuous data (source: Entura Ajenti database).
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3.2.7. Main Creek below South Deposit (MCbSD)  

This site is located 

immediately downstream of 

the new South Deposit 

Tailings Storage Facility 

(SDTSF). It integrates all 

inputs to Main Creek at this 

point and is the downstream-

most on Main Creek before 

the Savage River confluence. 

However, as it is still 10 km 

above the confluence, 

downstream additions or 

losses of analytes are likely in 

the intervening reaches. 

Water in this subcatchment 

originates in the upper catchment of the Old Tailings Dam, infiltrating the deep tailings pile at a series 

of point recharge sites. Groundwater to the south of a subsurface drainage divide in the tailings 

seeps into the Main Creek Tailings Dam (MCTD – discussed below), then flows through the Main Ck 

valley to the SDTSF.  

Prior to 2015-16 concentrations of most metals and sulphate at this site were generally very high, in 

both absolute terms and in relation to the next upstream site at the Main Ck Tailings Dam outflow 

(MCTD). This indicates significant flux of ARD from B Dump in the intervening reach.  

However, metal and pollutant concentrations at the Main Creek below South Deposit (MCbSD) 

sample site have significantly and rapidly decreased following construction of the South Deposit 

Tailings Storage Facility (SDTSF). The tailings facility is an innovative design that increases alkalinity 

levels in Main Rivulet. The design uses a flow-through construction and waste rock buttress that 

provides the structural support to a filter face and dam section. The filter face is different to normal 

dam filters in that it allows water into the flow-through while retaining tails in the dam. Clay-lined 

PAF cell are incorporated into the upper buttress to reduce oxidation and restrict infiltration to the 

underlying flow-through. The flow-through portion of the dam and filter face is complete and taking 

flows from Main Ck. PAF cells are nearing completion. Whilst tailings discharges have not yet 

commenced (projected for July 2018 commencement) a large backwater pool has formed behind 

the wall, allowing far greater residence time for alkaline MCTD flows to mix with B dump seeps than 

prior to construction. 

Monthly concentration data 

There were substantial decreases in concentrations of most analytes at the MCbSD sample site in 

2015 and 2016, with reductions in most parameters appearing to be contemporaneous with the 

completion of the SDTSF. These decreases are likely to result from the neutralisation of B-dump 

seepages by the alkaline MCTD outflow in the rising water body of the SDTSF, along with a minor 

component of neutralisation within the flow-through.  
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There has also been a substantial recent increase in alkalinity since summer 2014-15 (Fig. 31). These 

are most likely the result of optimisation of management of the Main Creek Tailings Dam, along with 

augmentation from the SDTSF alkaline flow through. The decrease in field pH measurements 

following completion of the SDTSF wall is difficult to account for given trends in alkalinity. 

 

Most metals and sulphate appear to pulse simultaneously, with little seasonal correlation. This is 

possibly due to management of tailings in the MCTD along with dilution during individual rain events. 

 

Whilst results are still preliminary, the neutralisation and settlement capacity created by the South 

Deposit Tailings Storage Facility appear to benefit the objectives of the SRRP and should therefore 

be optimised to their full extent.  

 

Fig. 31. Total alkalinity and pH over time at the Main Creek below South Deposit sample site. 

 

Monthly mass flux data 

Whilst concentrations of most analytes did not follow obvious seasonal trends, mass fluxes of all 

analytes exhibited winter/spring maxima, reflecting streamflow.  

Overall, there have been substantial decreases in the total Co, Cu and Mn loads at the MCbSD sample 

site from October 2014 to June 2017. The improvement is likely to be due to the retention of metal 

precipitates within the MCTD and SDTSF. Other metals that are neutralised and precipitated at near-

neutral pH, such as Fe and Al, show similar mass load trends to copper. 

The data suggest sulphide oxidation and associated pollutant production may have increased slightly 

(potentially from B Dump sources as production in the OTD/MCTD system is decreasing) supporting 
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the conclusion that reductions in Co, Cu, Al and Fe are primarily the result of removal via 

neutralisation. Metals such as Ni and Zn that are not readily removed at near-neutral pH trend with 

flow, further supporting the conclusion that metal removal via neutralisation is occurring. The 

significant decrease in Mn flux is associated with substantially decreased concentrations, however 

these decreases are difficult to explain as Mn is not readily removed at near-neutral pH. 

Continuous data 

The continuous data record for this site is generally very good. All parameters appear to be reliable 

except conductivity which failed between September 2015 and January 2016. Significant step 

changes in EC are probably due to re-calibration events – it may be appropriate to apply a correction 

for drift in these cases. 

Most parameters were strongly driven by flow variations; temperature, pH and turbidity all showing 

strong positive correlation with flow peaks, with conductivity negatively correlated. There are no 

storage pulses in conductivity or pH at the start of flood events. 

Temperature range at the site was somewhat restricted due to subsurface flows through the SDTSF, 

with winter minima around 5°C and summer maxima around 15°C. 

pH values rose gradually from approximately 6.8 to 7.7 units between July 2015 and June 2017; this 

is not a seasonal signal. This may be related to measured increases in alkalinity at the site, however 

the data apparently conflict with field measurements which indicate a significant drop in pH post 

May 2016 (Fig.34). The reasons for this are unclear. 
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Fig. 32. Monthly concentration data - Main Creek below South Deposit (MCbSD). 
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Fig. 33a. Monthly mass flux data - Main Creek below South Deposit (MCbSD).  
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Fig. 33b. Monthly mass flux data - Main Creek below South Deposit (MCbSD).
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Fig. 34. Main Creek below South Deposit continuous data - 1 July 2015 – 30 June 2017 (source: Entura Ajenti database). 
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3.2.7.1. Main Creek Tailings Dam Outflow (MCTD) 

The Main Creek Tailings Dam 

(MCTD) has been the major 

tailings treatment facility for 

the site. It accepts flows 

(including significant ARD 

fluxes) from the Old Tailings 

Dam which are neutralised 

by alkaline material in the 

tailings mix prior to release to 

Main Ck. This function will 

soon be fully transferred to 

the South Deposit Tailings 

Storage Facility (SDTSF) along 

with capture and transfer of 

the OTD seeps to the SDTSF 

via pipeline. 

Monthly concentration data 

MCTD has shown a general decline in most metals concentrations, although both Co and Ni 

(dissolved and total) increased slightly. Most metals and sulphate appear to pulse simultaneously, 

with a tendency towards summer-autumn peaks. This is possibly due to evaporation over the large 

surface area of the MCTD in summer along with dilution during individual rain events. 

 

Sulphate and manganese (which are not generally removed by neutralisation reaction at near-

neutral pH conditions that are encountered in the tailings dam) are also decreasing. This would 

suggest that either sulphide oxidation within the tailings dam system is reducing, or that the 

transport of ARD generated from the Old Tailings Dam is being reduced.  

Sulphide oxidation could be being reduced as a result of the oxidation front on the Old Tailings Dam 

becoming deeper with time. The lower rate of transport of ARD could be due to a reduction of 

groundwater head (and hence flow) in the southern portion of the Old Tailings Dam as the water 

levels rise within the Main Creek Tailings Dam.  

Fig. 35 suggests that there has been an increase in alkalinity transfer despite the decrease in sulphate 

load. This may suggest that the management of the Main Creek Tailings Dam is being optimised 

and/or more bicarbonate and carbonate are being formed by neutralisation reactions - more likely 

to occur if the neutralisation reactions are occurring at higher pH. Note that field pH here is not 

declining at the same rate as at SDTSF, suggesting a downstream acidity source. 
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Fig. 35. Total alkalinity (CaCO3) and pH over time at Main Creek Tailings Dam outflow.  

 

Monthly mass flux data 

Whilst concentrations of most analytes in the MCTD tended to increase during summer-autumn, 

mass fluxes peaked in winter-spring, illustrating the dominant effect of flow. 

Long term fluxes gradually increased for all analytes, with notable trend increases in Co, Cu, Fe, Mn 

and Ni. However, as with other sites these trends are skewed by a series of large flow events 

throughout the first half of 2016. A previous set of congruous peaks in Al, Co, Cu, Mn, Ni and Zn 

during spring 2015 may partly be explained by high flows, however they were far smaller than those 

of 2016. Concentrations of these analytes was relatively high during the 2015 flux peak, suggesting 

that increased concentrations due to management practices in the MCTD may be the more 

important control on fluxes at that time. 

Continuous data 

Data quality at this site are poor – reasonable. The sonde failed following the 2016 floods, losing data 

between August and October. The conductivity sensor has had multiple failures throughout the 

period, with a large outage between January and May 2017. The turbidity sensor appears to have 

been significantly affected by algal growth/chemical deposition, with many apparent peaks 

unrelated to flow events or pulses in other parameters. 
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Water temperature here had a large range, reflecting exposure of shallow water in the tailings dam. 

Minima are around 6°C in winter and maxima up to 23°C in summer. 

pH at this site was relatively high, with a slight summer maximum. Recorded values ranged from 8 – 

9 units prior to the 2016 sonde failure, however following re-instatement values dropped to between 

7.6 and 8.2, indicating a potential calibration issue before the 2016 flood. pH dropped below 7 for 

the first time between May and July 2017 (potentially associated with a mill shutdown – T. Ferguson 

pers.comm.) – it will be important to monitor whether the trend to lowered pH continues.  

Ignoring periods of data loss, conductivity at this site ranged seasonally between 500 µS/cm in spring 

to over 900 µS/cm in autumn. Minor peaks were inversely related to flow, and there were no obvious 

storage pulses at the beginning of flow events. 

Turbidity data are unreliable due to contamination of the sensor.  
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Fig. 36. Monthly concentration data - Main Creek Tailings Dam outflow (MCTD).  
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Fig. 37a. Monthly mass flux data - Main Creek Tailings Dam outflow (MCTD).  
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Fig. 37b. Monthly mass flux data - Main Creek Tailings Dam outflow (MCTD).
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Fig. 38. Main Creek Tailings Dam continuous data - 1 July 2015 – 30 June 2017 Savage River at Battys Bend (source: Entura Ajenti database)



SRRP Water quality review 2017 18    

  

78 
 

3.2.8. Savage River at Battys Bend (SRaBB) 

Savage River at Battys Bend 

was established as a mid-

catchment site, located 1 km 

downstream of the 

confluence of Main 

Creek/Savage River and 15 

river km above the Savage 

River at Smithton Rd site, to 

support the ecotoxicology 

review.  Samples were 

collected between July 2016 

and June 2017.  

Monthly concentration data 

As the period of data 

collection was only one year, trend analysis is inappropriate at this site. A comparison of analyte 

concentrations in major tributaries above the site (SRbSWRD and MCbSD) and at the catchment 

outlet (SRaSR) is more relevant.  

Seasonal concentrations of all analytes varied concurrently, in response to event-based flows. 

Concentrations of all analytes other than Mn and SO4 were higher in winter/spring, reflecting 

upstream inputs for both main tributaries. Higher summer-autumn concentrations of Mn reflect 

inputs from Brodericks Ck, MCTD and OTDN which also follow this pattern. Higher SO4 

concentrations in summer-autumn reflect reduced dilution in these months along with higher rates 

of oxidation of sulphides in key sources such as the Old Tailings Dam, B Dump, Brodericks Ck and the 

Southwest Rock Dump. 

Concentration data from SRaBB demonstrate that seasonal pulses of key analytes from both major 

tributaries tended to reinforce each other, with pulses of all analytes coinciding. The limited period 

of sampling does not allow any conclusions regarding the relative effect of construction of the SDTSF 

on the combined Savage River/Main Creek analyte flux at this point. Resumption of sampling at 

SRaBB would help quantify this, as significant changes in water quality in the 15 km between SRaBB 

and SRaSR are possible due to natural catchment inputs and ongoing complexing of metals with 

alkalinity and organic acids. 

Monthly mass flux data 

Modelled flows for SRaBB (based proportionally on catchment area above SRaSR) were used to 

calculate mass flux. Whilst significant errors are likely, the location of the site below two major mine-

sourced tributaries with significantly different chemistry made it important to assess (even 

qualitatively) the effect of mixing these sources on downstream reaches of Savage River. It also 

allowed a preliminary assessment to be made of the capacity of the natural catchment to remediate 

water quality in the 15 km between the Main Ck/Savage R confluence and SRaSR. These results are 

discussed in Section 3.3, which reviews downstream changes in mass flux at each sampling event. 
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For the limited data collection period, fluxes of all analytes were controlled primarily by flow. All 

analytes other than Mn and SO4 had higher concentrations in winter/spring, so higher flows at that 

time reinforced fluxes of already high concentrations for these species. The slightly higher 

concentrations of Mn and SO4 in summer had little effect on the overwhelming influence of flow 

even at lower summer-autumn levels. 

These data reflect upstream inputs: both Main Ck and Savage River provide peaks in mass flux of 

most analytes in winter-spring, so their contributions reinforce this pattern.  

Continuous data 

Continuous data were not collected for this site.
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Fig. 39. Monthly concentration data - Savage River at Battys Bend (2016-17). 
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Fig. 40a. Monthly mass flux data - Savage River at Battys Bend (2016-17). Note - based on modelled flows.  
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Fig. 40b. Monthly mass flux data - Savage River at Battys Bend (2016-17). Note - based on modelled flows.  
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3.2.9 Savage River at Smithton Road (SRaSR) 

Savage River at Smithton 

Road is the downstream-

most site in the monitoring 

network, located 2km above 

the confluence of Savage 

River with the Pieman River 

estuary. It therefore 

incorporates most 

catchment inputs.  As the 

site is approximately 30 river 

kilometres downstream of 

the lowest direct mine input,  

there is potential for 

significant change in metals, 

sulphate and alkalinity 

concentrations between mine inputs and this site through dilution and complexing by humic 

acids/alkalinity generated both naturally from carbonates in tributary streams or from mine inputs 

such as the South Lens, Main Ck Tailings Dam and Brodericks Creek.  Further natural inputs of 

analytes of interest from catchment tributaries are also possible.  

Past tailings dam failures (particularly from Main Ck dams in the 1970s) and other debris flows have 

deposited significant quantities of metal/sulphide rich sediment on the banks and floodplains of 

Main Ck and Savage River as far downstream as this site, which appear to be seasonal sources of 

ARD in the lower reaches of Main Ck and Savage R (see SRRP 2017).  

Potential processes between the mine and SRaSR therefore include: 

• Dilution by inflowing tributary streams; 

• Natural inputs of Fe, Al and alkalinity from tributary streams which traverse both 

metasediments and extensive areas of carbonate (dolomite and magnesite) bedrock; 

• Inputs of organic acids from catchment peatlands; and 

• ARD inputs (including metals and sulphate) from oxidising tailings on floodplains of Main 

Creek and Savage River. 

Monthly concentration data 

There has been a clear, general decline in concentration of most key metals over the last decade – 

differences between 2013-15 statistics for the last assessment report (SRRP 2016) are compared 

with 2015-17 data are provided in Table 4. It is too early to confidently assign reductions in metals 

post 2016 to completion of the SDTSF, however data suggest this may potentially be the case. 

Total and soluble copper show a constant and substantial decline across both the long and short 

term datasets. Total copper concentrations in the Savage River declined from an average of 38.5 µg/L 

(standard error 3.3 µg/L) in 2005 and 2006 to 16.7 µg/L (standard error 1.9 µg/L) between mid-2013 

and mid-2015. Between mid-2015 and mid-2017 this again dropped to a mean of 11.1 µg/L (standard 
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error 0.8 µg/L). This is a significant decline, especially considering the total copper levels at the 

Savage River at Doodies Creek (SRaDC) sample site, only 3 km upstream (with dilution by the 

relatively minor tributaries of Guthrie Creek and Doodies Creek) averaged 75.5 µg/L (standard error 

3.1 µg/L) between 1998 and 1999. 

Cobalt, nickel and zinc also show declines over the period represented in Fig. 31, however 

proportional declines are not as large as for copper. These metals are removed via neutralisation 

and precipitation reactions to a lesser extent than copper.  

Manganese is removed when pH increases above 9 (not known to occur in the catchment), and 

shows a slight reduction in concentration. Likewise, sulphate levels have also stayed constant over 

the period presented. Both of these observations would suggest that the total mass of sulphides in 

the catchment being oxidised is remaining stable.  

Aluminium levels have remained relatively stable. Improvements in aluminium mitigation on the 

lease would be hard to detect, however, given the high background levels of aluminium in the 

catchment. For example, total aluminium at the Savage River above Old Tailings Dam (SRaOTD) 

sample site averages 323.4 µg/L (July 2015 – June 2017). This site is above all known inputs from the 

mine. The SRaSR sample site averaged 407.6 µg/L over the same period, suggesting that the majority 

of the aluminium comes from external sources. 

Alkalinity levels are generally increasing, with larger variation (Fig. 41). The high alkalinity within the 

catchment is driven by neutralisation reactions - Increasing neutralisation reactions (potentially from 

the Broderick Ck throughflow, Main Ck Tailings Dam, South Lens and the SDTSF) and potentially a 

significant natural (karstic) input of alkalinity following solution of carbonates by carbonic/humic 

acids between the mine and the sample site are the most likely sources.  

Monthly concentration data presented in Fig. 42 do not indicate a clear seasonal trend for 

concentration pulses. There is a slight tendency towards greater winter-spring concentrations in 

most analytes other than Mn and SO4, reflecting the pattern of upstream mine inputs, however 

summer dry spells have produced highly concentrated flows as reduced Savage River flows became 

less effective at diluting mine inputs. Summer spikes in Al, Fe, Mn, Zn and SO4 are particularly 

important. 

Due to improvements in water quality from the mine site through active remediation, the tailings on 

the floodplain and bed of the Savage River and Main Rivulet below the mine may contribute an 

increasing proportion of the total pollutant load at this site. This depends on the rate at which these 

materials 'burn out' in the absence of mitigation measures. SRRP (2017) provides a summary of water 

quality information on new temporary site Savage River at Battys Bend (SRaBB) and the re-sampled 

catchment control site, Savage River above Old Tailings Dam (SRaOTD). This suggests that seasonal 

inputs of metals and acidity may be occurring due to oxidation of overbank deposits derived from 

previous tailings dam failures/debris flows. 
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Fig. 41. Total alkalinity (mg/L CaCO3) over time at SRaSR. 

 

Monthly mass flux data 

As with upstream sites on the Savage River (SRaSR and SRbSWRD), streamflows used to calculate 

mass fluxes were modelled for this site by Entura but remain subject to significant errors. Whilst 

previous reports have not used modelled data to calculate mass fluxes, it was undertaken for this 

report to provide an initial, semi-quantitative assessment of downstream trends in mass flux 

throughout the catchment. This is particularly important for SRaSR, as it records almost the entire 

catchment flux of key analytes into the Pieman River estuary.  

As with all upstream sites, trend data indicate increases in mass flux of most analytes since 2010, 

however data are likely to have been skewed by a series of high instantaneous flows at sampling 

times in early-mid 2016. 

Whilst data indicate weak pulses of higher concentrations of most analytes in winter-spring and 

intermittent, high summer peaks, mass flux data reveal a stronger pattern of peaks in wetter seasons 

indicating that mass flux of most analytes is generally flow dependent. This pattern resembles all 

other sites on the Savage River. 

 

Continuous data 

No continuous data were collected from this site.
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2013-15 
Alkalinity 
(mg/L) 

Al (tot) 
(µg/L) 

Co (tot) 
(µg/L) 

Cu (tot) 
(µg/L) 

Fe (tot) 
(µg/L) 

Mn (tot) 
(µg/L) 

Ni (tot) 
(µg/L) 

Zn (tot) 
(µg/L) 

SO4  
(mg/L) 

Mean 46.74 486.43 17.26 16.70 805.74 190.83 16.17 7.43 108.70 

Standard Error 4.63 77.77 1.25 1.87 115.67 14.89 0.76 0.81 9.23 

Median 47.00 384.00 17.00 14.00 562.00 183.00 16.00 7.00 105.00 

Mode 51.00 176.00 19.00 13.00 #N/A 123.00 16.00 6.00 #N/A 

Standard Deviation 22.21 372.99 5.97 8.99 554.74 71.41 3.63 3.88 44.28 

Sample Variance 493.29 139121.53 35.66 80.86 307741.84 5099.97 13.15 15.08 1960.46 

Kurtosis -0.10 2.55 -0.34 9.51 3.33 3.31 -0.53 3.88 -0.76 

Skewness 0.39 1.57 0.51 2.67 1.81 1.52 0.41 1.76 0.15 

Range 80.00 1524.00 22.00 45.00 2233.00 316.00 13.00 17.00 159.70 

Minimum 13.00 86.00 7.00 6.00 327.00 99.00 10.00 2.00 31.30 

Maximum 93.00 1610.00 29.00 51.00 2560.00 415.00 23.00 19.00 191.00 

Sum 1075.00 11188.00 397.00 384.00 18532.00 4389.00 372.00 171.00 2500.20 

Count 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 

Note no sample taken 08/13 

 

2015-17 
Alkalinity 
(mg/L) 

Al (tot) 
(µg/L) 

Co (tot) 
(µg/L) 

Cu (tot) 
(µg/L) 

Fe (tot) 
(µg/L) 

Mn (tot) 
(µg/L) 

Ni (tot) 
(µg/L) 

Zn (tot) 
(µg/L) 

SO4  
(mg/L) 

Mean 47.33 407.58 9.47 11.13 797.50 122.66 12.08 6.50 103.84 

Standard Error 5.87 76.96 0.92 0.79 118.29 13.91 0.65 1.14 12.02 

Median 38.00 268.50 8.65 10.50 610.00 97.50 10.80 5.00 90.00 

Mode 30.00 354.00 5.10 8.00 #N/A #N/A 12.70 4.00 #N/A 

Standard Deviation 28.75 377.01 4.52 3.87 579.49 68.14 3.19 5.60 58.91 

Sample Variance 826.32 142135.91 20.40 14.98 335812.96 4643.06 10.14 31.39 3470.22 

Kurtosis -0.14 1.67 2.70 0.54 2.53 5.24 0.69 7.56 0.78 

Skewness 0.75 1.55 1.58 0.79 1.80 2.22 1.08 2.56 0.95 

Range 106.00 1320.00 18.20 15.00 2123.00 290.00 12.80 25.00 235.70 

Minimum 8.00 50.00 4.80 5.00 277.00 61.00 7.90 2.00 20.30 

Maximum 114.00 1370.00 23.00 20.00 2400.00 351.00 20.70 27.00 256.00 

Sum 1136.00 9782.00 227.30 267.00 19140.00 2943.90 289.90 156.00 2492.20 

Count 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 24.00 

Table 4.  Summary statistics for key instantaneous analyte concentrations, Savage River at Smithton Road
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Fig. 42. Monthly concentration data - Savage River at Smithton Road (SRaSR). 
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Fig. 43a.  Monthly mass flux data - Savage River at Smithton Road (SRaSR). Note fluxes based on modelled flows.  
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Fig. 43b.  Monthly mass flux data - Savage River at Smithton Road (SRaSR). Note fluxes based on modelled flows.  
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3.3. Downstream fluxes of key analytes 

Downstream trends in mass flux may be used to assess input points of key analytes to the system as 

well as zones where loss due to complexing/precipitation are likely to occur. Because fluxes are 

reported as instantaneous rates, simple addition of all known sources may be used to describe zones 

where inputs and losses are likely – not possible using concentrations alone. Calculation of mass 

balances allows the location and behaviour of known inputs to be described and may also be used to 

predict the location of further gains or losses to the system if anomalies in balances are found. Known 

or suspected major ARD inputs and sampling sites are shown in Fig. 44. 

For this analysis the mass load was calculated by multiplying the concentration at the time of sampling 

by the mean flow for the period 30 minutes before to 30 minutes after sampling (average of 3 flow 

readings).  The unit used to describe mass flux is kg/day.  This unit system is useful for visualising the 

quantity of given parameter, but be aware the unit of time (day) is extrapolated. 

 

 

Fig. 44. ARD fluxes in the Savage River – Main Creek drainage. Not to scale.  

SDTSF 
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3.3.1. Monthly instantaneous fluxes 

Monthly instantaneous fluxes of key analytes at each site are graphed along with flow data for the year 

July 2016 – June 2017 in Figs. 45a-d. These data were chosen as they incorporate a full year’s record 

of key monitoring sites, including the reference site SRaOTD and the mid-catchment site SRaBB.  

Data presented in Section 3.2 indicates the importance of flow rather than concentration in 

determining mass flux in most cases, therefore an accurate assessment of downstream progression of 

mass flux relied on minimising changes in flow between sites for each sampling event. As each event 

was spread over two to three days because of site access issues, in some cases it was impossible to 

ensure that all collections were made either at base flow or at similar flow stages for each site. Both 

Savage River and Main Creek are flashy streams, with significant changes in flow possible across each 

sampling event – this would have had significant effects on concentration and flux where different 

parts of the flood hydrograph were sampled.  

Flow changes were less important for the upper Savage River data as SRaOTD, SRaPS and SRbSWRD 

were generally sampled on the same day, so any variation was minimised. This has led to graphs 

showing a relatively smooth downstream increase in most analytes. However, addition of downstream 

sites SRaBB and SRaSR (which were generally not sampled on the same day) illustrates effects of 

changing flows on the downstream progression of mass flux for some of the winter/spring sampling 

events. This is illustrated best during the August 2017 event, when fluxes at SRaBB and SRaSR were 

consistently lower than at SRbSWRD, most likely due to SRbSWRD being sampled during the 

hydrograph peak, with downstream sites sampled on the rising and falling limbs. This effect is less 

pronounced for all other sampling events; however, reliability of comparisons was lower in winter-

spring flood peaks than in summer-autumn. 

These graphs reveal that:  

• Mass fluxes were significantly higher in winter-spring months at all sites, driven by higher 

flows; 

• Fluxes of alkalinity, Ca and Mg and sulphate appeared to decrease downstream of SRaBB in 

winter-spring, potentially through complexation of metals with bicarbonate (however this may 

potentially be an artefact of modelled flow data). The apparent decrease in usually 

conservative sulphate is difficult to account for, other than by errors generated by inaccurate 

flow data; 

• Winter-spring fluxes of Fe and Al appeared to significantly increase downstream of SRaBB 

along with minor increases in most metals – potentially through inputs from bank sediments 

previously oxidised during summer (see SRRP 2017) (but potentially also an artefact of flow 

modelling); 

• In summer/autumn, a more regular increase in downstream flux of all analytes is observed, 

although smaller anomalous peaks at SRbSWRD also occur. 
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Fig. 45a. Downstream changes in mass flux and flow, July 2016 – June 2017. 
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Fig. 45b. Downstream changes in mass flux and flow, July 2016 – June 2017.  
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Fig. 45c. Downstream changes in mass flux and flow, July 2016 – June 2017. 
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Fig. 45d. Downstream changes in mass flux and flow, July 2016 – June 2017. 
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3.3.2.  2016-17 median monthly fluxes and balances 

The downstream progression of mass fluxes for 2016-17 is presented in Fig. 46a-c. To maintain 

consistency with previous reports (eg SRRP 2012) analytes were assessed using the median of monthly 

instantaneous fluxes to describe central tendency. In general, median fluxes increased regularly 

downstream until SRbSWRD, however beyond there, fluxes followed a range of trajectories. The 

graphs illustrate some potential anomalies in accounting for ARD sources in the mine and downstream, 

and illustrates reaches where complexing and precipitation of metals is likely to occur. Some (eg the 

Crusher Gully inputs) have been previously described (SRRP 2012), however others may require further 

investigation.  

Table 5 provides a matrix of median instantaneous mass fluxes and balances at all sites for the year. 

Downstream addition allowed any potentially anomalous inputs or losses of analytes to be highlighted 

– green shading is used to illustrate potential losses and orange illustrates gains. The graphs and table 

suggest: 

• For most bulk analytes (acidity, alkalinity, Ca, Mg) median values increased regularly 

downstream, however there was a significant decrease in median sulphate flux between 

SRaBB and SRaSR; 

• Many potentially unaccounted additions of bulk analytes and metals occur between the OTDN 

stream’s confluence with Savage R and SRaPS, including alkalinity, Ca, Co, Cu, Mg, Mn and 

sulphate. However, apart from Cu and Mn, these form only a small proportion of total flux 

recorded at SRaSR. They may be sourced from undiverted North Dump seeps or spillage of the 

North Dump Drain diversion dam during high flows; 

• A significant reduction in alkalinity, Ca and Mg fluxes between measured values at SRbSWRD 

and combined upstream contributions may be due to complexing and precipitation between 

the SLO confluence and SRbSWRD. Anomalous increases in many metals, including Co, Cu, Ni 

and Zn reflect inputs from unaccounted sources, most likely Crusher Gully and/or the 

Southwest Rock Dump. The significant anomalous Cu addition has been previously addressed 

(SRRP 2012). Reduced sulphate flux in the same reach is difficult to account for as sulphate is 

generally conservative. This suggests that there may be issues with flow estimates at one or 

more sites; 

• An anomalous increase in alkalinity flux above SRaBB may be due to unaccounted inputs of 

bicarbonate where Main Ck traverses extensive magnesite/dolomite outcrops. Anomalously 

high Fe and Al fluxes in the same reach may reflect bank/floodplain inputs from Main Ck; 

• Decreases in many metals in this reach may reflect complexing with bicarbonate and/or humic 

acids (although this is difficult to reconcile with increased alkalinity);  

• Median Al and Fe fluxes increased significantly between SRaBB and SRaSR, again suggesting 

bank/floodplain inputs; 

• Metals fluxes between SRaBB and SRaSR remained relatively stable, with slightly anomalous 

losses in Co, Mn and sulphate, and slight gains in Cu, Ni and Zn, all of which may potentially be 

related to oxidation and subsequent flushing of bank/floodplain sediments (but may also 

reflect inaccuracies in the flow models). 
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Fig. 46a-c. Average downstream changes in mass flux of bulk analytes and metals between the 

SRaOTD reference site and SRaSR - median values obtained from the July 2016 – June 2017 sampling 

year. Note logarithmic scale for Figs 47a and c. 
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Acidity 
flux 
(kg/day) 

Alkalinity 
Flux 
(kg/day) 

Al (total) 
flux 
(kg/day) 

Ca (total) 
flux 
(kg/day) 

Co (total) 
flux 
(kg/day) 

Cu (total) 
flux 
(kg/day) 

Fe (total) 
flux 
(kg/day) 

Mg (total) 
flux 
(kg/day) 

Mn (total) 
flux 
(kg/day) 

Ni (total) 
flux 
(kg/day) 

Zn (total) 
flux 
(kg/day) 

Sulphate 
flux 
(kg/day) 

SRaOTD 877.92 1388.58 90.32 224.25 0.11 0.23 129.64 588.21 2.77 0.87 0.46 387.51 

             

OTDN 122.40 9.33 5.76 20.69 0.38 0.45 10.12 34.36 0.37 0.29 0.07 283.33 

SRaOTD+OTDN 1000.32 1397.90 96.08 244.93 0.49 0.67 139.75 622.57 3.14 1.16 0.52 670.84 

SRaPS 1031.87 1546.64 92.25 351.77 0.72 1.24* 158.89 771.16 10.64* 1.22 0.52 1120.58 

             

SLO 125.71 3359.89 4.29 4769.75 3.57 0.62 3.09 3141.81 34.67 2.77 0.70 22168.82 

BCbWRD 423.61 21521.25 2.17 12333.27 0.28 0.84 2.95 5348.57 8.84 0.97 0.47 31983.35 

SRaPS+SLO 1157.58 4906.54 96.54 5121.52 4.29 1.86 161.98 3912.96 45.30 3.98 1.21 23289.40 

SRaPS+SLO+BCbWRD 1581.19 26427.79 98.71 17454.79 4.57 2.71 164.93 9261.53 54.15 4.95 1.68 55272.75 

SRbSWRD 1331.89 13060.70 103.47 9740.48 5.53 5.18* 171.85 7173.76 54.27 5.30 2.36* 40529.47 

             

MCbSD 724.39 4318.46 5.29 4320.45 0.32 0.55 9.22 3445.27 5.58 2.45 1.11 21690.23 

SRbSWRD+MCbSD 2056.28 17379.16 108.76 14060.94 5.85 5.73 181.08 10619.02 59.85 7.75 3.47 62219.70 

SRaBB 1233.07 21541.79 127.54 13776.89 4.53 5.07 234.39 9649.56 50.36 5.46 1.65 52991.93 

             

SRaSR 1975.78 23986.22 177.37 13872.31 4.21 5.24 363.15 9893.21 48.78 5.80 2.09 48060.19 

Potential negative anomalies (losses) 

Potential positive anomalies (gains) 

Table 5. Median mass fluxes, balances and potential anomalies for monthly samples, Jul 2016 – Jun 2017.
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4.  Discussion 

4.1 Concentration trends 

Concentrations of analytes associated with ARD are used to assess potential effects on ecosystems 

within the mine and downstream. When compared with ANZECC guidelines or modelled ecotoxicology 

targets these data may be used to monitor trends in the biophysical effects of mine drainage and 

develop strategies for remediation. Key findings for 2016-17 (in the context of previous years’ data) 

include: 

• Concentrations of most analytes at the downstream-most site (SRaSR) have continued to fall 

steadily, with only sulphate concentrations remaining stable. This is the result of ongoing 

optimisation of mine management, the results of specific SRRP projects and ongoing burn-out 

of PAF materials in the mine and bordering streams. It is difficult to assign a proportional 

influence of each of these controls. Completion of the South Deposit Tailings Storage Facility 

in 2016 has contributed most to recent declines in metals concentrations, where ARD inputs 

are neutralised in alkaline water flowing from the Main Creek Tailings Dam, and to a lesser 

degree in the alkaline flow-through; 

• Reference conditions at SRaOTD have not changed significantly since a year’s data was 

collected in 1999-2000. This suggests that natural catchment inputs are quite stable over time; 

• Some spikes of metals concentrations at the Savage River at Pump Station site (SRaPS) may be 

due to uncaptured North Dump seeps or overtopping of the North Dump Drain diversion dam 

during high flow events; 

• The South Lens Pit remains a significant site for treatment of many ARD inputs, including the 

North Dump Drain, North Pit pumped flows, the Bretts Drains and nearby intermittent seeps, 

Centre Pit North, road drains and other surface flows. Concentrations of most analytes flowing 

into the river from SLO have remained relatively consistent over the last 10 years, reflecting 

stable inputs since the diversion of North Dump Drain in 2007; 

• The Savage River at Western River Crossing (SRaWRC) site was commissioned to determine the 

source of unaccounted ARD inputs between SRaPS and SRbSWRD. As only 2 years data are 

available and flow data for the site are unreliable it has not been possible to compare 

concentration/flux data here with SRbSWRD to accurately determine these sources; 

• Brodericks Ck (BCbWRD) flows appear to be reaching a peak or plateau in alkalinity. As this 

catchment contains the mine’s major waste rock disposal facility, maintenance of appropriate 

inputs of alkalinity to subsurface flows will continue to be needed to assure acceptable 

downstream water quality. The Brodericks Creek monitoring site continues to experience 

issues with backflooding from the Savage River at high flows, so concentration data during 

flood peaks is unreliable;  

• The Savage River below Southwest Rock Dump (SRbSWRD) site shows a gradual decline in most 

analytes, apart from a slow increase in sulphate concentrations. As the site is located adjacent 

to some significant seeps it is possible that data may not accurately represent Savage River 

concentrations given the short mixing time available; 

• Savage River at Battys Bend was a short-term site sampled between July 2016 and June 2017, 

located 1 km downstream of the Main Ck/Savage River confluence and 15 km above SRaSR. It 

reflects the combined upstream inputs of Main Ck and Savage River. Comparison of 

concentration data from here with SRaSR suggests that sediments derived from tailings spills 

in the 1970s may still be contributing iron, aluminium and small quantities of other metals to 

the Savage River in winter/spring. As the combined effects of upstream ARD mitigation 

activities continues to improve, it is possible that downstream bank/floodplain sources will 

increase in relative importance to the combined catchment output of ARD.   
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4.2 Mass flux trends 

Mass flux information may be used to assess the distribution of pollutant loads within the catchment 

and any tendency towards accumulation of metals and bulk analytes in receiving environments if 

complexed metals are precipitated – in this case benthic sediments in the Pieman estuary. In practice, 

mass fluxes and balances may be used to assess likely inputs of ARD where anomalously high or low 

readings occur downstream of potential inputs. 

A significant issue with determining mass fluxes here is the unreliability of flow data for major streams 

including all Savage River sites and the lower reaches of Main Creek. At present no direct stream 

gauging occurs on the Savage River, and the lowest accurate gauge on Main Ck is MCbSD, 10 km above 

the Savage River confluence. All flows other than MCbSD are therefore modelled – unfortunately 

correlations with instantaneous flow measurements have been only moderately accurate. 

Given these constraints, the modelled data currently provides the best information with which to 

calculate mass fluxes, so these must be regarded as semi-quantitative, but potentially useful for 

management purposes. Some reasonable trends emerged from the analysis, allowing tentative 

conclusions to be suggested.  

Key findings of the mass flux/balance analysis include: 

• SRaOTD – SRaPS: Anomalous gains in alkalinity, Ca, Co, Cu, Mg, Mn and SO4, potentially from 

uncaptured North Dump seeps and short-term spillages at the North Dump drain diversion 

dam; 

• SRaPS – SRbSWRD: Anomalous loss of alkalinity, Ca, Mg and SO4, with loss of carbonates 

potentially due to complexing with metals supplied from BCbWRD and SLO. Loss of SO4 is 

problematic as this is generally conservative. Gains in Co, Cu, Ni and Zn potentially due to 

Crusher Gully or Southwest Rodk Dump inputs, as yet unquantified; 

•  SRbSWRD – SRaBB: Anomalous loss of acidity and most metals: Co, Cu, Mn, Ni, Zn. Significant 

inputs of alkalinity from Main Ck (possibly the SDTSF and dissolution of magnesite deposits in 

this subcatchment) potentially complexing and precipitating metals. Gains in alkalinity, iron 

and aluminium - alkalinity possibly gained through dissolution of magnesite in Main Creek by 

ARD generated from bank/floodplain tailings and natural (humic, carbonic) acid sources, which 

may also explain gains in Fe and Al. ARD inputs from the Southwest Rock Dump downstream 

of the sample site should also be considered; 

• SRaBB – SRaSR: Loss of SO4 is problematic. Gains in acidity, Al, Fe, Cu, Ni and Zn potentially 

through oxidation of bank/floodplain tailings. Small reductions in Mn and Co; 

The most significant anomalous increases in metals fluxes are the previously recognised inputs of 

Cu and others between SRaPS and SRbSWRD, which may be related to seeps from either Crusher 

Gully or the Southwest Rock Dump. Refining these sources will require improved flow 

gauging/modelling along the Savage River, particularly at the Western River Crossing which is 

located between the two potential inputs; 

Further previously unrecognised inputs of Cu and a major input of Mn occurs between SRaOTD 

and SRaPS. These cannot be accounted for by measured inputs from the Old Tailings Dam via 

OTDN, and most likely represent either overtopping of the North Dump Drain diversion during 

floods, and/or North Dump seepages below the diversion. 
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5. Recommendations 

Whilst some questions remain regarding the reliability of mass flux calculations, monitoring results 

demonstrate that significant gains have been made by the SRRP and Grange management over the 

past decade, particularly reduction of key metals concentrations in the Savage River (Co, Cu, Mn, Ni 

and Zn). Remediation strategies have been effective in lowering the concentrations of many pollutants 

emanating from the site. In the last two years, mitigation of pollutants from Main Creek through 

construction of the South Deposit Tailings Storage Facility has been particularly important, however 

changes in contributions from downstream bank/floodplain sediments remains unresolved. 

 

In order to maintain the effectiveness of the SRRP’s remediation efforts and assess priorities for future 

work, the following recommendations should be considered: 

• South Deposit Tailings Storage Facility: Preliminary analysis suggests that the neutralisation 

and settlement capacity of the new South Deposit TSF structure significantly assists meeting 

the objectives of the SRRP and should therefore be optimised, involving careful assessment of 

the mixture of PAF and alkaline inputs. Strategies to protect the flow-through neutralisation 

capacity, reduce armouring and maintain the presence of void spaces within the flow-through 

should be implemented, so that it continues to operate effectively in the long term. It is also 

important that there are appropriately resourced long-term strategies to maintain the levels 

of pollutant reduction if the mine closes, noting that the TSF’s neutralisation capacity is 

dependent on the continual addition of alkaline material; 

• South Lens Pit: Further research on enhancing the mechanisms that are achieving metal 

removal within South Lens Pit should be conducted, as South Lens is crucial to the ongoing 

remediation outcomes of the SRRP. Investigations into enhancing its performance with 

improved precipitation would be beneficial, as this may provide options for further addition of 

ARD from other locations in the mine at some point in the future; 

• Broderick Creek Waste Rock Dump: Alkalinity production at this site appears to be 

approaching either a plateau or a turning point. It may be sensible to assess whether this is 

due to lack of available bicarbonate, a restriction on bicarbonate solution due to limited acid 

supply, or dilution effects. Close monitoring is required to ascertain the causes and trajectory 

of the changes taking place. Water tracing to elucidate flowpaths to the Bretts drains and the 

Brodericks Creek outflow should be considered; 

• Mass fluxes: Accurate calculation of mass flux of key parameters along both Main Rivulet and 

Savage River will be necessary to confirm trends in discharge of ARD and refine input locations. 

This would be best approached by improvements in flow gauging/modelling at critical points 

below the mine. Re-instatement of the SRbSWRD gauge is a priority as it presents the most 

stable, accessible potential gauging site along Savage River. Data may then be used to refine 

models for other Savage River sites: SRaPS, and SRaSR. The source of anomalous Cu (and other 

metals) inputs to Savage River between SRaPS and SRbSWRD is yet to be resolved. Improved 

flow gauging/modelling at SRaWRC would allow better characterisation of these sources. A 

high anomalous Mn flux (and lower, but still significant Cu flux) was recorded between SRaOTD 

and SRaSR, not accounted for by OTDN inputs. Field reconnaissance, including more intensive 

sampling along this reach would allow better characterisation of sources; 
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• Downstream bank/floodplain ARD inputs: Due to improvements in water quality from mine 

sources, assessment of the ongoing contribution of acid/metals from floodplain and bed 

sediments along watercourses below the mine is gaining importance as they are likely to form 

an increasing proportion of concentrations and fluxes. These inputs should be isolated from 

those influenced by SRRP activities to more accurately assess the success of SRRP projects and 

mine management. A project assessing the distribution and likely contribution of 

bank/floodplain sediments should be considered; 

• Continuous measurement of physical parameters: The following improvements should be 

considered: 

o Hydrolab MS5 sondes are reaching their end of life and becoming increasingly 

unreliable. Consideration should be made for replacement of these probes; 

o It may be sensible to re-locate the SRbSWRD probe and water level bubbler site 

downstream to avoid siltation issues and provide extra distance to improve mixing of 

seeps with Savage River water. The fixed gauge boards may remain, but require 

servicing; 

o Continuous gauging of additional South Lens inputs (BDN, BDS, North Pit and 

potentially major intermittent sources) will aid assessment of the future neutralising 

capacity of the pit lake. Re-instatement of the North Dump Drain flow gauge is also 

important in this context; 

o Consider installation of a sonde at SRaSR or nearby if site security issues can be 

addressed. This would provide a continuous record of pH, conductivity, temperature 

and turbidity which may be used to better characterise whole-of-catchment inputs to 

receiving waters in the Pieman R estuary. 
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