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Minjar Gold Pty Ltd – Southern Cross Operations 

Attention – Sarah Easton 

Senior Environmental Advisor 

Level 3, 66 Kings Park Road 

West Perth WA 6005 

15 November 2018 

Dear Sarah 

Hydrogeological peer review - proposed Aquarius open pit dewatering 

HydroConcept Pty Ltd has undertaken a desktop assessment and peer review of the hydrogeological 

investigations by Golder Associates, on behalf of Minjar Gold, in relation to the proposed Aquarius open 

pit dewatering near Southern Cross. The objective of the peer review was to consider relevant 

legislation, guidelines and policy; ensure that there is consistency of methodology with good practice 

standards of methodology and analysis, including the availability of relevant data sets and research; 

assess the approach to data collection and analysis; review the assumptions and integrity of the data 

used to develop the modelling and provide a robust basis for understanding the risks, and confirm that 

the conclusions of the assessment are sound, reasonable and practicable. 

The review was undertaken by Mr Seth Johnson (Principal Hydrogeologist) with a focus on ensuring 

the assessment is technically robust, and adequately identifies and addresses the potential 

environmental and other risks. Three documents were obtained from Golder Associates to undertake 

the peer review including: 

• Golder Associates, 2017a, Southern Cross pre-mining water table assessment: Letter report 

for Minjar Gold, 24 August 2017. 

• Golder Associates, 2017b, Southern Cross Operations – Mine dewatering and groundwater 

impact assessment for Aquarius Pit: Prepared for Tianye SXO Gold Mining, October 2017. 

• Golder Associates, 2018, Transvaal Gold Project – Polaris mine water backfill hydrogeological 

assessment, Prepared for Minjar Gold, July 2018. 

As part of the peer review, a meeting was arranged with Dr Wade Dodson to provide a background on 

the methodology and approach of the assessment. From this discussion, it was concluded that the 

reports produced in 2017 (Golder Associates, 2017a and 2017b) are more applicable for understanding 

the dewatering impacts for Aquarius Pit; whereas the Golder Associates (2018) report is less related to 

dewatering and more related to backfilling of Polaris Mine. It was therefore decided to focus the peer 

review on the two documents produced in 2017. 

Data collection and analysis 

There were incomplete records of pre-mining groundwater levels at the various mines in the Project 

area; hence, it was necessary for all available historical data to be compiled. This compilation of the 

limited data enabled a pre-mining water table assessment resulting in the mapping of the water table 

from the Transvaal mining area through to Frasers Pit. It was important to reconstruct levels to  
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determine the changes in groundwater levels associated with mining and for potential refill levels for 

mine dewatering.  

The mapping presented in Golder (2017a) appears to be a reasonable representation of pre-mining 

water levels. The reconstructed groundwater levels were compared with present day groundwater level 

observations to present a conceptual model of pit lake impacts. The reviewer is confident that the 

mapped groundwater levels provides a robust starting basis for the assessment. 

Mine void lake levels were available for Frasers and the Transvaal mine voids between 2007 and late 

2017. These levels highlighted that all mine voids have reached a quasi-steady state between inflows 

and outflows, and are acting as hydraulic sinks owing to lake levels being substantially lower than pre-

mining groundwater levels associated with evaporative loss from the open-waterbodies.  

There has been an assessment of groundwater and pit lake water quality. Laboratory results were 

available from six pits with 20 water samples that provides a useful dataset for understanding difference 

between sites. There is limited pre-mining groundwater chemistry data except for some field TDS and 

pH measurements; however, the regional groundwater is hypersaline and acidic in nature – this is 

consistent with the conventional understanding. In the pit lakes, there are similar water qualities with 

some pH neutralisation in some cases and elevated metal concentrations. These trends are consistent 

with interaction between the atmosphere and an open waterbody, as well as interaction with wall rock 

materials.    

Conceptual hydrogeology 

Golder have presented a concise appreciation of the regional groundwater occurrence. The bedrock 

has poorly-developed to minor aquifers associated with the mines; hence, there is only limited potential 

for groundwater inflows from open fractures and this aligns with the conventional understanding of these 

fractured-rock aquifers. The Lake Polaris palaeodrainage appears to present in the mining area; 

however, it has limited connectivity with the mining operations. It is considered that there is robust 

appreciation of the hydrogeology and there are no aquifers and/or groundwater resources that have not 

been considered in the assessment. 

Analytical modelling 

Mine void water balance modelling was undertaken for Frasers, Polaris South and Mercury Pit. This 

modelling aimed to resolve the change in pit lake levels associated with the dewatering discharge from 

Aquarius Pit for two different climatic scenarios – mean and wet climates. The water balance model 

was developed within Excel that considered a range of inputs and outputs, such as direct rainfall, 

surface water runoff, mine water transfers, groundwater inflow and evaporation loss. This approach is 

consistent for similar water balance models. 

The Frasers mine void calibration has considered the lake water level data collected since 2008. 

Despite some data mismatches and potential spurious measurement in prior to late 2015, there appears 

to be a good calibration between actual and modelled water levels. The assumptions used in the model  
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appear to be appropriate and valid - the hydraulic conductivity has been adjusted for the calibration but 

is representative of a fractured-rock aquifer. The inclusion of catchment runoff is important and the 

assumption of 40 mm rainfall events leading to runoff is consistent with the previous observations and 

other studies in the Goldfields region. The reviewer is confident that the analytical model for Frasers Pit 

provides a meaningful representation and is reasonably well calibrated against actual observations. 

The analytical models for the Polaris South and Mercury mine void are based on similar assumptions 

to that of Frasers Pit; however, there are smaller surface catchments and inputs from surface water 

runoff are less significant. The analytical model for Mercury mine void uses a much lower hydraulic 

conductivity, which appears to be appropriate given the lack of connectivity with the neighbouring 

Polaris mine. The calibration of both mine voids and level of confidence of both analytical models is 

less than that of Frasers Pit owing to inconsistent recording of discharge and measurement of lake 

levels. There is still rigour about the modelling results and it is possible to make some predictions. 

The general approach of the analytical modelling seems logical. The assumptions are realistic, 

conservative and not considered without some basis. There is little justification for using another 

modelling approach or software, such as GoldSim, as the calibrated outputs appear to be reasonable. 

Predictive modelling 

Analytical models for the different mine voids were used to assess a number of water management 

options. The calibrated models provided the basis for the assessment, in particular the technical risk of 

overfilling the mine void. The assumption of discharge rates appears to be reasonable. The approach 

of mean and wet scenarios is appropriate to provide a range of likely outcomes, particularly in the case 

of Frasers Pit that may have some contribution of surface water inflow during large events. The wet 

climate representing more than 200% of mean annual rainfall is considered a worst-case scenario and 

reflects the one in 100 year event.  

It is common practice in predictive modelling for wet climate scenarios to consider and represent 

conditions for the one in 100 year event. This approach has been adopted by Golder and this is 

consistent with other modelling exercises. Climate events greater than the one in 100 year are of such 

low probability and so rare that they are typically not modelled nor considered. 

The mean climate scenario for Frasers mine void suggests that water levels will increase at a rate of 

70 mm/day before reaching a new steady state at about 332 m AHD. In contrast, the wet climate 

scenario demonstrates that water levels will increase to about 340 m AHD suggesting that there is large 

response to wet climate. The reviewer feels that the rise due to a wet climate may be over estimated 

based on previous responses in water levels to large rainfall events.  

The wet-season modelling in Frasers Pit suggests that water levels will remain under the pre-mining 

groundwater level following the one in 100 year event and the pit lake will act as a hydraulic sink with 

no groundwater outflows. Under a wetter climate, there is a low risk of lake water levels reaching the 

pre-mining groundwater level; however, it may be useful to understand the magnitude of wetter 

conditions that would be required for overflowing / over topping of the mine void. The reviewer  
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considers the likelihood of overtopping is very low; however, further work could be undertaken to look 

at the probability of the wetter climate as this is an area of uncertainty. 

The predictive analytical models for Polaris South and Mercury mine voids suggest that the pit lake 

water level rise is less influenced by a wetter climate, as there is insufficient catchment to yield surface 

water runoff. There are only very small differences between mean and wet season scenarios, which is 

consistent with the conceptualisation of limited surface water catchment area.  

Geochemical modelling using PHREEQC was used to provide a prediction of final water quality in 

Frasers Pit. A conservative approach was adopted in the modelling to produce estimates of maximum 

possible concentrations to highlight potential issues. The assumptions are appropriate and support the 

approach of determining the maximum possible concentrations. The geochemical modelling has 

suggested that the lake water could become a source of metals and metalloids; however, the reviewer 

agrees that the mixing of waters will not substantially impact on the existing pit lake water quality in 

Frasers Pit.  

Water management options 

The analytical modelling has provided confidence that Frasers Pit is the least technically challenging 

option for the direct discharge from Aquarius mining operations. The wet climate scenario suggests that 

there will still be a 2.5 m freeboard of the final pit lake water level beneath the pre-mining groundwater 

levels, and as such will remain a hydraulic sink with no groundwater outflows. The reviewer agrees with 

the assessment by Golder that there is sufficient freeboard in Frasers Pit to accommodate the risk of a 

wetter climate and that the modelled increases in pit lake water level are considered a worst-case 

scenario (one in 100 year event).  

Polaris South is technically feasible however there are some uncertainties associated other dewatering 

from Cornishman Pit. Discharge into Mercury Pit is possible for a short period of time, up to 45 days, 

and this may be a contingency measure. The discharge into the Lake Polaris Palaeodrainage has 

significant uncertainty with respect to regulatory approvals and environmental impacts. The option of 

aquifer injection is high risk as there are not aquifers that can accommodate the dewatering discharge.  

It is therefore considered by Golder and agreed by the peer reviewer that Frasers Pit is the best option 

for receiving dewatering discharge from Aquarius Pit. Despite the possible inflows from surface water 

during a wet climate scenario, there is sufficient freeboard to accommodate this risk.  

Risk assessment 

There has been no formal risk assessment undertaken as part of the assessment; however, Golder 

have taken a conservative approach to the analytical modelling and presented a worst-case scenario 

for a wet climate. Modelling for the one in 100 year climate event is consistent with other modelling 

exercises to gain an appreciation of extreme responses. Any scenarios greater than the one in 100 year 

event are typically of a very low probability.  
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Conclusions 

The groundwater impact assessment relating to the dewatering of the Aquarius Pit has been completed 

to a high standard, is technically robust and has produced predictive outputs that are sufficiently 

accurate for mine planning purposes. The analytical models have reasonable assumptions that are 

conservative and present a worst-case scenario that provides confidence that water level impacts will 

likely be less than predicted.  

The Frasers Pit is the most viable option for receiving the dewatering discharge from Aquarius Pit. 

Despite the wet climate scenario, there is still sufficient freeboard beneath the pre-mining watertable to 

accommodate a wetter scenario. The wet climate is based on a one in 100 year event that is considered 

appropriate for this level of predictive modelling, as any greater magnitude events are extremely rare. 

The reviewer considers the likelihood of overtopping of Frasers Pit is very low; however, further work 

could be undertaken to look at the probability of the wetter climate as this is an area of uncertainty. It 

may be a one in 200 year or greater event that would produce the overtopping; however, there may not 

sufficiently long climate records to support and verify this level of assessment. 

Yours sincerely 

 

Seth Johnson 

Principal Hydrogeologist / Director 

B.App.Sc., M.Eng.Sc., RPGeo (10106), mIAH, mIAG 

The peer review has been completed by Mr Seth Johnson, a Registered Practising Geoscientist 

(Number 10106), who is bound by the Australian Institute of Geoscientists’ Code of Ethics. It has been 

produced independently being based on information provided by Minjar Gold Pty Ltd. All comments are 

considered accurate and provided in good faith. 

 


