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Figure 5.8: Drawdown extent post-closure 
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5.2.4 Rebound period between operation and post-closure equilibrium 

The pit lake rebound rates that were output from the water balance model are presented in 

Figure 5.9. Rebound rates in all pits are highest during the first 5–10 years due to a high hydraulic 

gradient and larger groundwater inflows. All three pits are simulated to have equalised groundwater 

inflow with net evaporation by 2060 and water levels will fluctuate around a mean level from this 

time. Some change in groundwater levels will continue after this time due to the low hydraulic 

conductivity of the FBA; while this will have an impact on pit inflow rates, the changes are 

considered negligible and would not have much of an impact on pit lake water levels As such, there 

is a slight discrepancy between inflows used in the water balance and the groundwater water 

model but further iteration is considered not required at this phase due to the negligible difference 

that it would cause to predictions. 

Drawdown rates were assessed from the rebound scenario outputs as the year-on-year change at 

pools that were identified as having impacts at closure. Table 5.6 presents the year-on-year 

changes during operations and post cessation of mining. Drawdown rates during the rebound 

period are below 0.5 m per year (m/yr) with the highest rates observed at CO-WS-14 between 

0.146 m/yr and 0.192 m/yr between 2039 and 2070 after which time the rate of drawdown starts to 

decrease, reaching negligible rates of less than 0.01 m/yr by 2201 and further reducing to 

0.001 m/yr by 2401. 

Drawdown rates at CO-WS-10 and CO-WS-12 are far lower than Pool 14 (Figure 5.11) with a rate 

as high as 0.017 m/yr at CO-WS-10 and 0.009 m/yr at CO-WS-12. Additionally, the peak in rate of 

drawdown lags about 100 years after cessation of mining due to the low hydraulic conductivity 

assigned to the FBA in the area. 

The cumulative drawdown in the rebound period approached but did not quite reach the total 

drawdown simulated by the closure scenario in steady state, by the end of the rebound period 

simulation (year 2500). While the drawdown rate is almost negligible, there are some changes in 

water level suggesting that the system will not have achieve complete equilibrium until after 2500. 

However, the impact on the system after this date would be very small relative to the overall 

impacts (i.e. the system would be more than 80% recovered to final equilibrium by 2500). 
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Figure 5.9: Water level rebound in pit lakes at end of operations  

 

Figure 5.10: Drawdown during rebound at Pool 14 

 

Figure 5.11: Drawdown during rebound at Pools 10 and 12 
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Table 5.6: Drawdown rates in m/yr at pools between operation and post-closure 
equilibrium 

Year 
from 

Year to CO-WS-10 CO-WS-12 CO-WS-13 CO-WS-14 CO-WS-8 CO-WS-9 

  Maximum drawdown rate in m/yr during period 

2033 2040 - 0.000 0.001 0.168 - - 

2041 2050 0.001 0.003 0.002 0.192 0.002 - 

2051 2060 0.005 0.006 0.003 0.186 0.004 - 

2061 2070 0.009 0.007 0.003 0.146 0.004 0.031 

2071 2080 0.012 0.008 0.003 0.113 0.005 0.130 

2081 2090 0.015 0.008 0.004 0.075 0.005 0.117 

2091 2100 0.016 0.008 0.004 0.057 0.005 0.116 

2101 2150 0.017 0.008 0.004 0.046 0.005 0.002 

2151 2200 0.015 0.007 0.004 0.017 0.005 0.002 

2201 2250 0.012 0.007 0.004 0.010 0.006 0.001 

2251 2300 0.008 0.004 0.004 0.005 0.005 0.001 

2301 2350 0.006 0.003 0.003 0.003 0.004 0.000 

2351 2400 0.004 0.003 0.003 0.002 0.004 0.000 

2401 2450 0.004 0.002 0.003 0.001 0.003 0.000 

2451 2500 0.003 0.002 0.003 0.001 0.003 0.000 

Cumulative 
drawdown by 
2500 3.47 2.06 1.68 11 2.22 34.5 

Drawdown at 
equilibrium 4 2.5 2.5 14 3 35 

Notes: Drawdown is presented as the maximum rate in m/yr between the indicated period. 
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6 Conclusions 

The existing numerical model was updated to develop predictions of the impact of Stage 5 below 

water table mining at Sanjiv Ridge. The calibration update between Revision 2 (SRK, 2023) and 

the updated (Revision 3) model incorporated 2–3 additional years of operational data and five 

additional pumping tests. 

The level of observation data, testing and operational data that was used in the calibration of the 

updated model is considered appropriate for predictions simulated by the model, specifically: 

 Water supply bores operating at Runway and Shark Gully pits have good observations of 

drawdown that are of a similar magnitude (30–40 m drawdown) and duration (observations for 

2–4 years) to the predictions of dewatering requirements for Stage 5 below water table mining. 

 Sparrow Lake does not have the same span and scale of operation data as Runway and Shark 

Gully (limited to 6 months of abstraction at a low average rate ~0.2 L/s). However, there have 

been three pumping tests performed, the most recent round of which had good drawdown 

response data in bores up to 750 m away.  

 ROM water supply bores have a good operational and observation record and the simulated 

operations have rates similar to those that the bores are currently operating.  

 Glen Herring has the least amount of data available for calibration; however, the pit does not 

progress below the water table. 

A predictive operational scenario was set up with a continuation of water supply bores at rates 

outlined in the previous H3 assessment (with some substitutions for bores inside the pit area) and 

drains to represent the planned pit progression. Water supply bores near to pit (CRD0137, 

CRD0122 and CRD0143) will also act as advanced dewatering. However, sumps will be required 

to facilitate dewatering in advance of mining as the rate of pit progression is predicted to overtake 

the rate of drawdown from the bores. Sumps will likely be required, potentially at lower pumping 

rates, even if additional ex-pit dewatering bores are drilled and operated. 

Regardless of the dewatering strategy (proportion of advance dewatering with bores and sumps), 

the model predicts a surplus of water at Sanjiv Ridge starting from 2028 as Shark Gully progresses 

below the simulated water table. The magnitude of the surplus will fluctuate over time as pit 

progression rates vary and the aquifer is dewatered but is estimated to range between 30 L/s and 

70 L/s.  

Regionally, drawdown during operation of Stage 5 mining will be similar to that simulated in the 

previous assessment, with the following notable similarities and differences: 

 Drawdown at Runway will extend further towards pools CO-WS-10 and CO-WS-12, as the pit 

will progress 35 m lower than the current water level. However, the predictive simulation does 

not predict drawdown at these pools during the operational phase of the mine. 

 Drawdown at Sparrow Lake is simulated to extend towards the east and northeast of the BIF 

ridge significantly more (>1,000 m) than previous modelling due to the depth of the pit (~115 m 

below current water level) and associated dewatering. Drawdown is also simulated to extend 

past pools CO-WS-09 (identified as not groundwater dependent) and CO-WS-14 (Pool 14 did 

not have any impacts predicted from water supply by previous assessments). The predicted 
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drawdown during operations at CO-WS-14 is simulated to reach 1 m (6 m in the more 

conservative scenario). 

Combined outputs from the water balance and groundwater models indicate that pits will act as 

evaporative groundwater sinks abstracting a net 1.1 L/s to 2.5 L/ at closure resulting in pit lake 

levels that are lower than pre-mining groundwater levels – 24 m lower at Runway and 46 m lower 

at Sparrow Lake. Based on these simulated levels, drawdown may extend to some pools post-

closure within the ridge (pools CO-WS-14, CO-WS-10, and CO-WS-12). Some (1–3 m) post-

closure drawdown is simulated at CO-WS-13 and CO-WS-08 from a combination of Sparrow Lake 

and Shark Gully. 

Simulated drawdowns for operational, rebound and post-closure equilibrium represent a maximum 

possible drawdown within the FBA at the assigned hydraulic conductivities. Drawdown extents may 

be lower, as the hydrogeological system is highly heterogenous. Additionally, the aquifer systems 

feeding the pools within the ridge (e.g. Pools 14, 10 and 12) may be perched and disconnected 

from the broader FBA aquifer. If a perched, disconnected aquifer system is present at pools, 

simulated drawdown from pits would not impact groundwater flow to pools so long as the surface 

water catchment of the pools was not disturbed, or aquitard formations were not fractured through 

blasting.  

The groundwater system is simulated to take over 400 years to achieve complete equilibrium; 

however, drawdown rates away from pit lakes will reduce to less than 0.01 m/yr after 100 to 

200 years. During the rebound period between the cessation of mining and achieving of equilibrium 

within the groundwater system, the maximum rate of drawdown simulated at pools is 0.192 m/yr. 

Recommendations 

The following actions are recommended to further refine the model in the future, confirm model 

predictions, or optimise predictions: 

 Continue data collection of abstraction volumes and water levels to allow further refinement of 

model predictions. 

 Perform further field investigations (tracer testing, isotope sampling, and possibly drilling and 

testing) for pools with predicted drawdown to assess the degree of connection with the FBA or 

if a perched aquifer system feeds the pools.  

 If possible, install a monitoring bore with a deep and shallow screen (with a good seal between 

the two) between Razor Back pit and Pool 14 to monitor (or lake thereof) impacts from water 

supply and dewatering at Sparrow Lake. A bore in this location, together with isotope analysis 

and tracer testing, would assist with conceptualisation of the aquifer system at Pool 14 and 

identify if a perched aquifer system that is disconnected from the FBA feeds the pool. 

 Dewatering rate peaks maybe reduced by performing optimisation within the model by testing 

different abstraction regimes, in including in pit bores. The effectiveness of installing and 

operating additional ex-pit bores can also be tested during optimisation. 

 Impact of excess water from dewatering can be assessed in the model and optimised together 

with the dewatering regime. 
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Table 1: Model Version Log 

Model 
Version Report Name 

POW 
date 

Mine 
Schedule Pit shells Scenarios completed 

Scenario 
Name 

1 Corunna Downs Mine Water Supply H3 
Hydrogeological Assessment 2019 

2018 NA, above 
water table 

NA above water 
table 

Drawdown assessment from water supply K9tt2_gv23 

     Drawdown assessment from increased water supply K9tt2_gv24 

2 Sanjiv Ridge Mine Water Supply H3 
Hydrogeological Assessment Update 
2023 

2022 NA, above 
water table 

NA above water 
table 

Drawdown assessment from water supply – abstraction regime 
updated from previous H3 

ATT015_SCP1 

 2025 updated abstraction regime    Drawdown assessment from increased water supply - abstraction 
regime updated from previous H3 

ATT015_SCP2 

3 Sanjiv Ridge Stage 5 Below Water Table 
Mining Hydrogeology Study - H3 
Hydrogeological Assessment 

2024 T2_FY25_MTP 
_Recut 
_LOM_S1_V1 
SMR TMM 

SMR_Stage5_Pits Drawdown assessment from BWT mining SJR082P 

 ATL009_Sanjiv Ridge Stage 5 Below 
Water Table Numerical Model_Rev2 

  Drawdown assessment from BWT mining - sensitivity for hydraulic 
conductivity 

SJR083P 

    Drawdown assessment from BWT mining - sensitivity for recharge 
and hydraulic conductivity 

SJR058par6 

    Drawdown assessment at closure SJR082SS 

    Drawdown assessment at closure - sensitivity for hydraulic 
conductivity 

SJR083SS 

    Drawdown assessment at closure - sensitivity for recharge and 
hydraulic conductivity 

SJR058par6SS 

    Assessment of rebound period between cessation of mining and 
equilibrium 

SJR0082Re 

    Assessment of rebound period between cessation of mining and 
equilibrium - sensitivity for hydraulic conductivity 

SJR0083Re 
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Table 2: Run Register 

Type 
Model file 
name Description 

Previous Model ATT015 Version 2 of the Sanjiv Ridge/Corunna Downs model 

Calibration SRJ082 Calibrated to extra two years of operational data and 5 extra pumping tests. Updated to 
MODFLOW USG, layers added, and quadtree refinement implemented 

Predictions and sensitivities  SJR082P Drawdown assessment from BWT mining 

Scenarios run during the historic phase and the predictive phase to 
assess impacts of parameter changes to both calibration and predictions 

SJR083P Drawdown assessment from BWT mining - sensitivity for hydraulic conductivity 

(Informal sensitivity runs performed during calibration not listed) SJR058par6 Drawdown assessment from BWT mining - sensitivity for recharge and hydraulic conductivity 

 SJR082SS Drawdown assessment at closure once groundwater level and pit lake water levels reach 
equilibrium 

 SJR083SS Drawdown assessment at closure - sensitivity for hydraulic conductivity 

 SJR058par6SS Drawdown assessment at closure - sensitivity for recharge and hydraulic conductivity 

 SJR0082Re Assessment of rebound times and rates between operation and equilibrium  

 SJR0083Re Assessment of rebound times and rates between operation and equilibrium - sensitivity for 
hydraulic conductivity 
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1 Introduction 

Atlas Iron Limited (Atlas) requested SRK Consulting (Australasia) Pty Ltd (SRK) to carry out a pit 

lake study to assess expected pit lake water balances and water quality for the Sanjiv Ridge iron 

ore project. The objective of the water balance is to predict whether the pits will be terminal sinks or 

release water to the environment (e.g. via overtopping). This entails tracking of water inflows to and 

outflows from the pits, as well as water stored in the pit under investigation. The water balance 

forms a key component of the water quality assessment, where the composition of the pit lake 

requires evaluation of the chemical composition of all components of the water balance. 

This work was included as part of a larger site wide hydrological assessment being completed by 

SRK for the Stage 5 (below water table) mine plan. This memorandum documents the preliminary 

results from the modelling based on the data available to date (with literature values used to 

supplement gaps in the current dataset). This study supplements other hydrological studies to 

assess the risk of the pit lakes to the local environment. Specific considerations include the 

potential for contaminant migration to surface water and groundwater and for development of 

hazardous water quality in the pit lake post closure. Further phases of the pit lake study will include 

refinements to the model as more data become available, to be documented in a more 

comprehensive report.   

The Sanjiv Ridge mine includes five pits – Glen Herring, Runway, Shark Gully, Razorback, and 

Sparrow Lake (Figure 1). 

Outcomes from work completed by Mine Earth indicate that pit wall exposures at four of the five 

pits comprise low sulfur, non-acid forming (NAF) materials (Mine Earth, 2024; 2025a; 2025b). 

However, wall rock with higher sulfur content and greater acid generation potential will be exposed 

on completion of mining of the Sparrow Lake pit. Water quality modelling has therefore focused on 

the Sparrow Lake pit, as the water in this pit is likely to represent a worst case. 

To assist in quantifying the risk posed by exposed wall rock, Mine Earth selected eight samples for 

kinetic testing. The samples are listed below, together with the rock type (and stage of mining in 

parenthesis): 

 S1 – Shale (Stage 5) 

 S2 – Chert (Stage 5) 

 S3 – Goethite/hematite (Stage 5) 

A
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 S4 – Banded Iron Formation (BIF) (Stage 5) 

 S5 – Shale (Stage 5) 

 S6 – Goethite/hematite (Stage 4) 

 S7 – Chert (Stage 4) 

 S8 – BIF (Stage 4) 

These samples were exclusively derived from drill holes intersecting the Sparrow Lake pit volume 

and wall rock. The following static tests were completed prior to commencing kinetic testwork:  

 acid base accounting (ABA) 

 particle size distribution (PSD) 

 oxygen consumption rate (OCR) and carbon dioxide release rate (CDRR) 

 MEND deionised (DI) water leaching tests at 1:2 solid to liquid ratio. 

 net acid generation (NAG) liquor elemental analysis. 

Kinetic column leach testing is currently underway, with data for use in pit lake water quality 

modelling pending (likely available in 3 to 4 months). Due to the lack of data, an alternative 

approach has been implemented, which is outlined in Section 2. 

2 Assumptions and limitations 

The preliminary pit lake modelling provides indicative results that may be used to inform potential 

risks to the environment. Modelling provides an early indication of risks and identifies gaps to guide 

later phases of work. This preliminary pit lake model is based on the following assumptions: 

 Leaching behaviour of wall rock and talus has been modelled based on analogue materials 

with comparable sulfide concentrations and lithological characteristics. There are expected to 

be differences between the analogue material and the Sparrow Lake pit material that will 

influence the results of modelling – for example, uncertainty due to likely differences in 

mineralogical compositions, elemental compositions and ratios, physical characteristics and 

site-specific water–rock interactions. The extent to which these factors may influence pit lake 

water quality can only be confirmed through kinetic test data on samples collected from site (as 

indicated, this testwork is underway). 

 The model is based on mean water balance time series and hence does not account for 

extreme conditions associated with high or low pit lake water levels. This is not considered to 

be a major limitation, as the pit lake water level is only forecast to vary by ±4 m from the mean 

value. This translates to a volume difference of approximately 20% between the minimum and 

maximum pit lake storage volume. 

 Solute concentrations in rainwater falling directly onto the pit lake are assumed to be zero. Due 

to the low concentrations of solutes in rainwater and the dominance of groundwater in the pit 

lake water balance, this assumption is not considered to be a model limitation. 
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3 Approach and methodology 

The Sparrow Lake pit-lake water quality model was developed in an Excel workbook and 

incorporates: 

 water balance outputs from a GoldSim water balance model (developed by SRK, 2025) 

 geochemical source terms derived from average groundwater quality for Sparrow Lake near-pit 

bores (as shown in Section 4.2.1) 

 literature-derived leaching rates for pit wall rock, classified by sulfur content. 

The water quality is calculated for each of the following inflows to the pit: 

 pit wall surface water run-off: 

– talus 

– pit wall rock 

 groundwater.  

The pit wall run-off component is subdivided into exposed contact areas based on block model 

sulfur concentrations on exposed wall rocks, according to the following classifications i) <0.01% S, 

ii) 0.1% to 0.2% S, iii) 0.2% to 1% S and iv) >1% S. Other solute concentrations for each material 

type were scaled relative to sulfate for that material. Such scaling is an industry standard approach 

for modelling water quality based on kinetic leach testing of sulfidic samples. Elements may be 

released directly from the breakdown of sulfide minerals, or from other minerals that come into 

contact with sulfuric acid released through sulfide oxidation. Direct rainfall over the pit lake is 

assumed to contribute a negligible proportion of the overall chemical load as indicated in Section 2. 

As mentioned in Section 1, kinetic testing is currently underway and test data for modelling are 

pending. To facilitate preliminary water quality modelling of pit wall rock run-off, analogue data for 

sulfidic shales at different sites has been used, interpolated from kinetic data for Mt McRae Shales, 

as published by Linklater et al. (2015). Further model development and refinement will be carried 

out once sufficient site-specific kinetic column data are available, since there are likely to be 

differences in material properties that will influence the modelling results. The current pit water 

quality model excludes the contribution from the proposed in-pit dump (shown in Figure 1) due to 

lack of available data. The contribution from the in-pit dump is dependent on the composition of the 

waste rock (i.e. sulfide content and neutralising capacity) and the amount of material present above 

the long-term pit lake water level. The intention at the time of writing is for in-pit potentially acid 

forming (PAF) waste to be deposited in the Sparrow Lake pit waste dump, although this is subject 

to change depending on the environmental risks posed. The potential impact of waste rock 

disposal on pit lake water quality will be investigated as more information becomes available and 

will be included in later revisions of the model as appropriate. 
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Figure 1: Current planned pit layout and long-term steady-state water level (in-pit dump 
shown circled in the inset image) 

 
Source: SRK 

Notes: The small image insert shows the pit layout with the proposed in-pit waste rock dump, for illustrative purposes.  
The large image shows the modelled steady-state water level over the entire pit. 

4 Input data 

4.1 Water balance 

Input water balance data were obtained from the GoldSim water balance model (SRK, 2025). Data 

were converted to monthly frequency from the daily timestep implemented in the GoldSim model, 

to align with the timestep of the spreadsheet-based pit lake water quality model. The water balance 

indicated that all modelled pit water levels would be below the pre-mining water level (i.e. all pit 

lakes are likely to be terminal sinks). The GoldSim model output shows that the mean pit water 

level for Sparrow Lake pit would be in the range 307 ±4 mAHD.  

A graph indicating relative inflows from surface water and groundwater sources to the Sparrow 

Lake pit is included in Figure 2. Based on cumulative inflows in the groundwater model, the 
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average contributions to pit inflows over the modelled period of 400 years is 59% groundwater, 

21% pit wall run-off and 20% direct rainfall recharge over the pit lake. The predicted long-term 

steady-state water level is approximately 44 m below the pre-mining water level. 

Figure 2: Modelled monthly inflows to the Sparrow Lake pit and pit lake volume, derived 
from the daily GoldSim water balance model (SRK 2025) 

 
Source: SRK 

4.2 Geochemistry 

4.2.1 Groundwater 

Groundwater quality data were collated for all groundwater bores allocated to the Sparrow Lake pit 

in the groundwater quality database and the mean values for selected parameters were used to 

calculate the groundwater contribution to pit lake chemistry in the pit lake water quality model. The 

data span a period between April 2014 and November 2024 and include between 1 and 10 

samples per monitoring bore (see Figure 3). Groundwater chemistry statistics for Sparrow Lake pit 

bores are included in Table 1, with mean values used for water quality modelling highlighted in 

yellow.   
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Figure 3: Data included in groundwater quality statistics. 

 
Sources: \\srk.ad\dfs\au\per\ATL009 - Sanjiv Ridge Below Water Table Mining Hydrogeology study\04_Working_Files\Geochemistry\Pit Lake 
WQ Modelling\Raw water quality data.xlsx" 

Notes: Bars start at the first sampling date and end at the last sampling data in the dataset. Sample counts for each sampling 
location are shown above the bar. 

The pH of the groundwater is in the near-neutral range (between pH 6.3 and 8) and contains 

alkalinity (average of 183 mgCaCO3/L). The water is of low salinity (average electrical conductivity 

– EC of 610 µS/cm), with modest concentrations of major cations (e.g. Ca) and anions (e.g. Cl and 

SO4). Trace element concentrations are generally low.   
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Table 1: Water quality statistics for the Sparrow Lake pit groundwater samples 

Parameter 
Statistic 

Unit Count Mean Minimum 50% Maximum Std Dev. 

pH pH units 54 7.2 6.3 7.2 8 0.49 

EC µS/cm 42 610 150 560 1,300 180 

SO4 mg/L 55 55 1 70 89 29 

Cl mg/L 55 66 4 67 150 25 

Si mg/L 28 7.9 1.7 7.4 18 3.6 

Total alkalinity as CaCO3 mg/L 53 180 63 130 460 120 

Total suspended solids mg/L 51 2,600 5 12 92,000 14,000 

Total dissolved solids mg/L 54 370 87 330 710 120 

Ca mg/L 55 31 1.2 22 80 20 

Mg mg/L 55 37 0.6 37 66 12 

Na mg/L 55 41 1.4 39 69 12 

K mg/L 55 2.9 0.4 2.4 12 1.7 

Al mg/L 45 0.0069 0.005 0.005 0.01 0.0024 

Sb mg/L 45 0.00058 0.0002 0.0003 0.0022 0.00045 

As mg/L 47 0.0026 0.0002 0.001 0.02 0.0049 

B mg/L 47 0.13 0.008 0.11 0.3 0.048 

Ba mg/L 45 0.041 0.003 0.03 0.14 0.032 

Cd mg/L 47 0.00013 0.00005 0.00007 0.001 0.00023 

Co mg/L 45 0.0019 0.0001 0.001 0.0057 0.0017 

Cr (total) mg/L 42 0.00088 0.0002 0.0004 0.005 0.0013 

Cr (VI) mg/L 44 0.0013 0.001 0.001 0.002 0.00045 

Cu mg/L 47 0.0014 0.0005 0.001 0.01 0.0018 

F mg/L 51 0.27 0.1 0.3 0.5 0.1 

Fe mg/L 47 0.74 0.002 0.04 5 1.3 

Pb mg/L 47 0.0017 0.0001 0.0001 0.02 0.0049 

Mn mg/L 47 0.53 0.0029 0.45 1.6 0.43 

Hg mg/L 45 0.000056 0.00004 0.00004 0.0001 0.000026 

Mo mg/L 45 0.00069 0.0001 0.0003 0.008 0.0012 

Ni mg/L 47 0.009 0.0005 0.0028 0.046 0.013 

NO2 + NO3 as N mg/L 43 0.67 0.005 0.01 10 1.7 

Se mg/L 47 0.0038 0.0002 0.0008 0.05 0.012 

Ag mg/L 42 0.0004 0.0001 0.0001 0.001 0.00043 

Sr mg/L 45 0.11 0.02 0.089 0.63 0.089 

Sn mg/L 45 0.0028 0.0002 0.0002 0.01 0.0042 

Zn mg/L 47 0.17 0.002 0.022 5.1 0.74 
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4.2.2 Pit wall and talus run-off and seepage 

Wall rock and talus solute release rates for selected parameters, based on analogue kinetic 

leaching rates reported in Linklater et al. (2015), are shown in Table 2. Scaling factors used in 

modelling are summarised in . The solute release rates are based on the abovementioned 

assumptions of analogous behaviour of similar lithologies and the scaling factors are based on 

typical observed physical properties of similar materials, along with published results of field 

studies. Scaling factors are applied because there will be differences between conditions in the 

laboratory and the field (e.g. particle size, fraction contacted by water) – they are approximations to 

allow scaling up of laboratory data to field conditions.   

Wall areas used for each material type are shown for each elevation interval in Figure 4. Two 

important observations from Figure 4 are: 

 There is variability in area versus elevation due to different slope angles of benches and batters 

affecting exposed surface area over a given elevation interval. 

 There is a decrease in exposed area versus elevation above the 353–357 m interval (contrary 

to expectation), due to the spill level of the pit occurring within that interval and air gaps in the 

pit wall at higher levels, as can be observed in Figure 1. 

Table 2: Selected kinetic leaching rates applied to wall rock and talus materials 

Parameter 
Leaching rate (mg/kg/week) by sulfur category 

>1% 0.2–1% 0.1–0.2% <0.1% 

SO4 36.1 3.6 1.81 0.01 

Ca 5.42 0.542 0.271 0.001 

K 1.45 0.145 0.072 0.000 

Mg 5.42 0.542 0.271 0.001 

Co 0.036 0.004 0.002 0.000 

Cu 0.001 0.0001 0.000 0.000 

Fe 0.005 0.001 0.000 0.000 

H 0.108 0.011 0.005 0.000 

Ni 0.145 0.014 0.007 0.000 

Si 9.03 0.903 0.452 0.002 

Se 0.004 0.0004 0.000 0.000 

Zn 0.014 0.001 0.001 0.000 
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Table 3: Laboratory to field scaling factors 

Item Units 
Scaling factor 

Talus Exposed wall rock 

Surface area correction - 0.2 0.01 

Fraction flushed by rainfall - 0.5 0.1 

Temperature correction - 1 1 

Assumed thickness oxidising material m 1 0.1 

Bulk density kgm-3 1,600 2,540 

Mass, per m2 kg 1,600 254 

 

Figure 4: Exposed wall areas as a function of elevation and sulfur content 

 
Source: SRK 
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Figure 5: Sulfur distribution in Sparrow Lake pit, indicating sulfur concentration classes 
identified in the resource block model. 

0.01% to 0.2%S   0.2% to 1%S  >1%S  

   
 

Source: SRK 

Notes: Areas not covered by any of the categories are attributed to <0.01% S concentration. 

5 Results and discussion 

Water quality model results were generated from the spreadsheet model and speciated using 

PHREEQC geochemical modelling software. 

Sensitivity analyses were carried out by calculating speciation at redox values of pe = -2 (reducing 

conditions), pe = 4 (mildly reducing conditions) and pe = 12 (oxidising conditions). For the Pilbara 

region, the most likely conditions would be oxidising to mildly reducing, due to limited presence of 

organic matter. Additionally, sensitivity to CO2 alkalinity buffering was set using log pCO2 fugacities 

of -3.5 (atmospheric CO2 concentration) and -2.0 (CO2 saturated groundwater/soil water 

concentration). The effect of varying pe and pCO2 on solution pH can be seen in Figure 6. 

Due to the use of analogue Mt McRae Shale data for modelling water quality, metal concentrations 

are not reported, as they may be substantially different to those that would be generated from the 

Sparrow Lake pit lithologies and are dependent on the source rock trace element geochemistry, 

which tends to be location-specific. Dissolved metal concentrations would also strongly depend on 

pH, which is considered to be key in evaluating the risk of poor water quality developing in the pit 

lake, partly associated with the likelihood of mobilising potentially toxic elements. 

Modelled pH values over time for the different pe–pCO2 combinations evaluated in PHREEQC are 

shown in Figure 6. The modelled results indicate that water in the Sparrow Lake pit is likely to 

remain neutral to alkaline. This is consistent with the alkalinity–acidity cumulative load balance 
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calculated for the pit lake water quality model, shown in Figure 7, as well as being consistent with 

expectations given the water balance and associated water qualities. 

Modelled major ion concentrations are shown in Figure 8 for illustrative purposes and are 

considered to be indicative of future pit water quality, assuming that the average modelled 

groundwater inflow rate and average measured chemistry, used for modelling pit lake water quality, 

are representative. This premise is based on the understanding that groundwater accounts for 

approximately 60% of the water inflow volume to the pit and that it is dominant relative to the pit 

wall run-off component (given the limited exposure of material with >0.2% S). Materials with >1% S 

make up <1% of the pit wall according to the block model, thereby limiting the influence of 

potentially acid generating lithologies on pit lake water quality. 

The decreasing concentration of calcium modelled shown in Figure 8 is attributable to calcite 

precipitation, as shown in Figure 9. 
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Figure 6: Modelled pH for selected pe–pCO2 combinations 

pe Log pCO2 = -3.5 Log pCO2 = -2.0 

12 
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-2 

  
 

Sources: SRK 
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Figure 7: Comparison of cumulative acidity and alkalinity modelled to flow into the 
Sparrow Lake pit from groundwater and surface run-off 

 
Source: SRK 

Notes: Alkalinity and acidity calculated cumulatively from input source term chemistries. 

Figure 8: Modelled major ion concentrations for the pe 12, Log pCO2 -3.5 solution 

 
Source: SRK 
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Minerals that were modelled to precipitate according to PHREEQC calculations are shown in 

Figure 9 for illustrative purposes. The accuracy of this mineral precipitation modelling may be 

influenced significantly by factors such as: 

 the actual metal leaching concentrations from the Sparrow Lake pit wall materials differing 

substantially from model input chemistry 

 trace metal sorption onto solid phases such as ferrihydrite (Fe(OH)3) 

 water temperature and variability between pure phase compositions modelled in PHREEQC 

 actual mineral compositions in mineral groups that form solid solutions 

 errors associated with thermodynamic data in PHREEQC that do not contain temperature 

correction parameters for temperatures that deviate significantly from 25ºC 

 inclusion or exclusion of minerals for modelling water chemistry in PHREEQC. 

Mineral reaction kinetics would also play an important role, as some of the phases that are 

modelled to precipitate would likely take a substantial period to form, during which time elevated 

dissolved metal concentrations may persist. Significant differences in major ion solute 

concentrations derived from wall rock or talus may change the mineral composition of any 

precipitation reactions and must be confirmed during the model update. 
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The possibility of biological reduction of Fe(OH)3 and other oxidised iron minerals must also be 

considered in the long term, although this depends on the availability of organic carbon in the pit 

lake environment. This could occur through biological activity within the lake due to the availability 

of water to both aquatic and terrestrial plants and animals. If biological reduction of iron minerals 

occurs, besides the release of Fe2+, other metals may also be released through desorption. 

Figure 9: Mineral precipitation predicted by PHREEQC speciation, assuming equilbrium 
conditions at 25°C 

 

6 Summary and conclusions 

Preliminary pit lake water quality modelling was carried out using a simplified spreadsheet 

approach and the resulting pit lake concentrations were speciated using PHREEQC geochemical 

modelling software. Inflows to the pit were obtained from the pit water balance, constructed in 

GoldSim (SRK, 2025). Average bore water chemistry for the Sparrow Lake pit was used to 

represent inflowing groundwater chemistry. Pit wall run-off chemistry was simulated using 

published data for Mt McRae Shale kinetic tests (Linklater, et al., 2015), which were scaled 

according to pit wall sulfur content, estimated from the block model provided by Atlas. 

The model results indicate that the Sparrow Lake pit is likely to remain circum-neutral and that the 

risk of acidification is low. This is due to the large excess of predicted groundwater inflows relative 

to pit wall run-off volumes and the relatively low sulfur concentration in most of the pit wall 

exposure, according to block model intersections. 
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It is noted, however, that these conclusions do not consider potential changes in groundwater flow 

rates and/or groundwater quality over time. It is not known to what extent the average groundwater 

quality that was used for modelling is representative of the pore volume that will be dewatered. The 

groundwater model was being completed at the time of drafting this memorandum and hence was 

not yet available for this work. Allocation of relevant borehole monitoring data to zone budgets 

obtained from the Modflow model will enable calculation of a weighted groundwater quality for 

known groundwater sources, which will improve confidence in the representativeness of the 

groundwater solute load that will enter the pit lake. 

The representativeness of the Mt McRae Shale kinetic data that were applied for this work is 

uncertain and should only be interpreted as indicative of the risk of acidification of a future pit lake 

in the Sparrow Lake pit. Since acidification is the most significant environmental risk associated 

with a pit lake, the results nevertheless indicate that the risk associated with the Stage 5 Sparrow 

Lake pit design is limited. The model indicates that the presence of PAF rock in the pit walls is not 

expected to result in pit lake acidification The potential for saline or metalliferous drainage could not 

be assessed based on the available data. 

The contribution of the in-pit waste rock dump was not assessed at this stage of the project, as 

representative geochemical data for the proposed waste rock is not yet available. 

7 Recommendations 

A refined pit lake water quality model should be developed once sufficient laboratory data are 

available to populate it. It is recommended that the refined model be constructed in GoldSim (as 

originally intended), incorporating the water balance model as a sub-component. Suggested model 

refinements include: 

 more rigorous evaluation of likely groundwater inflow volume and chemistry over time, to 

provide more accurate weighting of contributions from different groundwater zones 

 addition of the proposed in-pit waste dump as a source term in the pit lake model 

 accounting for source term mass depletion in wall rock, talus and any in-pit waste rock disposal 

 inclusion of representative kinetic data to define source terms for wall rock, talus and waste 

rock. These representative samples are currently undergoing testing. 

Regards 

SRK Consulting (Australasia) Pty Ltd 

Pierre Rousseau 

Principal Consultant 

Alex Watson 

Principal Consultant 
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