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1 INTRODUCTION 

Mardie Minerals’ Mardie Project is located on the Pilbara coastline of Western Australia, approximately 

100 km south-west of Karratha (Figure 1). The project includes the construction of extensive 

evaporation ponds and crystallisers for the extraction of salt products from sea water. 

The initial environmental impact assessment for the Mardie Project identified that the understanding 

of the risks posed to vegetation, local groundwater and pools as a result of saline seepage from the 

Project’s proposed concentration and crystallisation ponds should be improved. A Groundwater Risk 

Assessment (GRA) for the original layout was completed by AQ2 (AQ2(2020), and was followed by 

an updated GRA for the revised layout (AQ2(2021)). The GRA documents discussed the potential 

impacts the project plan may have on groundwater receptors in the vicinity of Mardie Pool and coastal 

habitats. The areas of focus for this were: 

• Potential impacts due to the location of salt crystallisers, which are proposed to be located 

north-east of Mardie Pool near the south-western boundary of the Fortescue River alluvial 

valley.  

• Risk to coastal vegetation (primarily mangrove habitat) due to possible seepage of 

hypersaline water from Evaporation Ponds and Crystallisers into the near-coast groundwater 

system. 

Concern was also raised regarding the presence of an algal mat ecosystem on the supratidal flats 

which exists beneath and to the west of the proposed location of the Evaporation Ponds. It was 

inferred that the existence of algal mats may be due to upwelling or overtopping fresh groundwater 

which is thought to bring nutrients to surface and dilute the hypersaline fluids (which develop due to 

evaporation). It is unclear whether the coastal groundwater regime at Mardie is similar in structure 

to this concept. Vertical distribution of salinity beneath the salt flats, and the location of the seawater 

interface are also undefined across much of the development envelope. 

AQ2 has been engaged by Mardie Minerals to propose a monitoring bore network which will permit 

the ongoing long-term monitoring of groundwater quality in the vicinity of sensitive receptors.  

2 REVISED PROJECT LAYOUT 

The revised project layout is presented in Figure 1. Key characteristics of the layout are: 

• Concentrator and Primary crystalliser ponds extending along approximately 25 km of coastal 

supratidal salt flats. 

• Seawater intake to be at the southern-most pond, with brine concentration increasing in 

ponds to the north. 

• Western sea wall of the ponds is proposed to be adjacent to or impinging upon mapped algal 

mat habitat on the lower (western) side of the supratidal flats. 

http://www.aq2.com.au/
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• Crystalliser ponds are proposed to be located immediately north of Mardie Pool on the eastern 

side of the main concentrator ponds. 

3 ONGOING INVESTIGATIONS 

While substantial research has already been carried out to characterise the hydrogeological regime 

at the Mardie Project, it has been identified that further background investigations will enhance 

knowledge and assist in future groundwater management. In particular several avenues for further 

work have been noted to close data gaps. 

3.1 Airborne Electromagnetic Data 

An Airborne Electromagnetics (AEM) survey was flown in the area in 2010 by Fugro Airborne Surveys. 

The survey has wide line spacing, however lines do cross Mardie Creek in several places. It has been 

postulated that reprocessing of the AEM data may provide information relevant to the salinity profile 

of water in the near surface. Enquiries will be made into the feasibility of reprocessing this data, and 

the likelihood of gaining further meaningful information from this. 

3.2 Mardie Pool Bathymmetry 

Bathymmetric data for Mardie Pool may be useful when characterising the nature of the potential 

fresh water lens which may encompass the pool and surrounding subsurface. Where possible the 

shape of the base of the pool will be determined through an appropriate method (eg physical 

measurement of cross-sections from watercraft). It is understood that access to the pool may be 

difficult during the wet season, and also due any heritage restraints. 

3.3 Geological Controls on Creek and Pool Development 

It has been noted by DAWE that Mardie Creek may have developed coincident with a mapped 

geological fault. Evidence for this is to be investigated as there may be some implications for the 

conceptual model for Mardie Creek and other creeks in the area. 

 

4 PROPOSED MONITORING BORE NETWORK 

4.1 Terrestrial - Mardie Pool and Crystallisers 

Surface water in Mardie Pool is less saline than groundwater in the regional bores. It is likely that a 

freshwater lens exists within the pool and the adjacent unconfined aquifer, forming a zone of fresher 

water above the denser (saline) regional groundwater and extending up the creek valley. Water level 

and quality of the fresh water in Mardie Pool is probably maintained through dry seasons by base 

flow from the upstream alluvial channel sediments. The pressure head created by baseflow has 

possibly acted to prevent ingress of the surrounding denser water, counteracting the slight density 

difference. An increase in the salinity of the regional groundwater or a change in the groundwater 

level (as may be caused by seepage from the ponds) may therefore lead to changes in the fresh-

saltwater interface through density equalisation; this may in turn affect the quality of the water 

feeding Mardie Pool (from AQ2 2020). 

Due to the heritage agreements that Mardie Minerals currently has in place which prevent access for 

clearing and structures within 50 m of Mardie Pool, the monitoring network at this location is 

proposed to be installed in two phases. In Phase 1 a series of monitoring bores will be placed adjacent 

to the Primary Crystalliser upgradient from Mardie Pool to serve as an early warning of changes in 

salinity and water level which could be evident if seepage were to occur from the crystallisers (Figure 

2 - MP06, MP13 to MP16). 

Additionally bores will be installed parallel to Mardie Creek, outside the heritage buffer zone and 

between Mardie Pool and the Primary Crystalliser (Figure 2, sites MP02 to MP05). These bores will 

assist in gaining an accurate characterisation of groundwater flow direction between the crystalliser 

and Mardie Pool, outside the likely fresh water lens. They will also serve to monitor for water 

variations not captured by the bores adjacent to the Primary crystalliser. A background bore (MP01) 
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will also be installed on the southern side of Mardie Pool. All bores will be fully screened from water 

table to nominally 15 mbgl to allow for salinity profiling with depth. 

Also in the first phase of drilling, a series of similar bores will be placed up-gradient from the Primary 

Crystallisers for background monitoring (MP07, MP11-12). Three monitoring bores (MP08-10) will be 

installed down gradient from the Secondary and KTMS Crystallisers to detect seepage. 

To characterise base flow in the Mardie Creek channel, three bores (MP17, MP18, MP19) will be 

placed along the creek line up-stream from the Secondary Crystallisers. 

All proposed Terrestrial Phase 1 bore locations and purposes are described in Table 1. Site 

coordinates are provided in map projection GDA2020/MGA Zone 50. All proposed bore locations are 

approximate and will be subject to land access constraints. The final monitoring bore locations will 

be updated in future revisions of the GMMP. 

Presuming future access can be gained to heritage areas around Mardie Pool, in Phase 2 (before 

construction and commissioning of crystallisation ponds), it is proposed to install a series of closely 

spaced nested or fully screened bores adjacent to the pool. These sites are displayed as FMP01 to 

FMP06 in Figure 3 and Table 2. The Phase 2 bores will assist in characterising and monitoring the 

groundwater system surrounding the pool. In particular the existence and extent of the conceptual 

fresh-water lens providing base flow and permanency to Mardie Pool will be investigated. 

Table 1: Terrestrial Monitoring Network Phase 1 

Location Bore ID 
Easting 

(GDA2020, 
MGA50) 

Northing 
(GDA2020, 

MGA50) 

Proposed 
Design 

Purpose 

Mardie Pool – 
Outside Channel 

MP01 390722 7657005 Fully screened Background monitoring 

MP02 391122 7657127 Fully screened 

Second line of detection 
of seepage from 

Secondary Crystalliser 

MP03 390988 7657204 Fully screened 

MP04 391252 7657053 Fully screened 

MP05 391456 7657025 Fully screened 

Primary 
Crystalliser – 

Adjacent  

MP06 393705 7657146 Fully screened 

First line of early 
detection of seepage 

from Primary Crystalliser 

MP13 391989 7657707 Fully screened 

MP14 391995 7657264 Fully screened 

MP15 392394 7657182 Fully screened 

MP16 392949 7657158 Fully screened 

Primary 
Crystalliser – Up 

Gradient 

MP07 394582 7657713 Fully screened 
Background monitoring 

up-gradient from 
Primary Crystalliser 

MP11 394584 7659410 Fully screened 

MP12 394557 7661613 Fully screened 

Secondary/KTMS 

Crystallisers – 
Down Gradient 

MP08 
389491 7659742 

Fully screened 
Down-gradient 

monitoring of Secondary 

MP09 389506 7661737 Fully screened Down-gradient 
monitoring of KTMS MP10 389698 7663491 Fully screened 

Mardie Creek - 
Upstream 

MP17 392366 

 

7656651 

 
Fully screened 

Upstream channel 
monitoring for base flow, 
adjacent to crystalliser 

MP18 
392540 

 

7656043 

 
Fully screened 

Upstream channel 
monitoring for base flow 

MP19 
395142 

 

7655015 

 
Fully screened 

Upstream channel 
monitoring for base flow 
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Table 2: Terrestrial Monitoring Network Phase 2 

Location Bore ID 
Easting 

(GDA2020, 

MGA50) 

Northing 
(GDA2020, 

MGA50) 

Proposed Design Purpose 

Mardie Pool 

FMP01 390792 7657082 

Nested 
Characterise and monitor 
potential freshwater lens 

at Mardie Pool 

FMP02 390798 7657095 

FMP03 390804 7657107 

FMP04 390785 7657065 

FMP05 390676 7657139 

FMP06 390953 7657043 

 

 

4.2 Coastal - Mangroves and Algal Mat Ecosystems 

Possible seepage from the evaporation ponds which are planned to extend along the coast at the 

Mardie Project has the potential to disrupt the groundwater regime which supports coastal 

ecosystems (mangrove habitat adjacent to tidal creeks, and algal mat communities on the supratidal 

flats). It is conceivable that groundwater seepage and mounding beneath evaporation ponds, should 

it occur, may result in changes to groundwater gradients and quality near these receptors. 

In response it is proposed that a monitoring bore network be installed along the western side of the 

planned evaporation ponds prior to commissioning (Figure 4). The network would consist of the 

following: 

• Three transects of bore sites, each consisting of three sets of bores between the sea wall of 

the ponds and the nearest mangrove stands; 

• Two further sites adjacent to the sea wall of the evaporation ponds, within mapped areas of 

algal mat habitat, and 

• Each bore site having two discrete monitoring bores screened individually (one near the water 

table and one at depth), to quantify the magnitude of vertical hydraulic gradients and vertical 

variations of salinity. 

The proposed transects are designed to facilitate monitoring for water quality and hydraulic gradients 

which may quantify the delivery of fresh water to mangrove stands as suggested in some literature 

(e.g. Hayes et al 2018). 

Two proposed isolated monitoring sites will enable detection of vertical hydraulic gradients (and 

changes in these gradients) which may aid the delivery of moisture and nutrients to the algal mat 

ecosystems existing on the supratidal flats, as detailed by Porada et al (2007). 

It is noted that drilling in playa area has previously been extremely challenging due to the soft surface 

of the tidal flats. Geotechnical equipment has been bogged for extended periods during previous 

campaigns. Access and logistics for installing bores in this area will be difficult, and may need to be 

progressed as accessibility increases during pond construction (eg via built embankments). 
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Table 3: Coastal (Playa) Monitoring Network  

Location ID 
Easting 

(GDA2020, 

MGA50) 

Northing 
(GDA2020, 

MGA50) 

Type Purpose 

Playa Site 1_1 383345 7651992 

Transect 
Monitor gradients and salinity near 
mangroves 

Playa Site 1_2 383093 7652240 

Playa Site 1_3 382826 7652550 

Playa Site 2_1 
384888 7655001 

Single 
Monitor gradients and salinity near algal 
mat habitat.  

Playa Site 3_1 
386481 7658927 

Single 
Monitor gradients and salinity near algal 
mat habitat 

Playa Site 4_1 386291 7662671 

Transect 
Monitor gradients and salinity near 
mangroves 

Playa Site 4_2 386088 7662768 

Playa Site 4_3 385885 7662853 

Playa Site 5_1 388014 7665509 

Transect 
Monitor gradients and salinity near 
mangroves 

Playa Site 5_2 387947 7665549 

Playa Site 5_3 387866 7665608 

5 GROUNDWATER MONITORING AND INVESTIGATION PROGRAM 

5.1 Water Quality 

The groundwater monitoring program will begin for each area soon after network installation, once 

groundwater conditions in the bores have reached equilibrium. It is anticipated that sufficient 

monitoring episodes will take place before construction to determine baseline parameters.  

Ongoing monitoring would consist of loggers or a minimum of quarterly visits to each bore during 

which the following parameters will be recorded: 

• Static groundwater level. 

• Electrical conductivity and pH profiling in fully screened bores. 

• Electrical conductivity and pH at specific intervals in discretely screened bores. 

Water quality samples will be taken from selected bores for laboratory analysis on a quarterly cycle 

for 2 years to determine background parameters. Following this period laboratory samples will be 

analysed half-yearly or as advised by regulators. 

Field and laboratory data will be assessed to determine the need for adjustment of the monitoring 

regime, or intervention in the event that water quality parameters exceed trigger levels set in 

Groundwater Monitoring and Management Plans to be implemented for the project. It is proposed 

that additional remediation/abstraction bores will be emplaced down gradient of monitoring bores (ie 

between the crystallisers and Mardie Creek/Pool) if in future it is evident that seepage is occurring 

at any location, as indicated by the regular monitoring. 

5.2 Hydraulic Testing 

Where possible all monitoring bores will be tested to determine hydraulic parameters of the various 

geological formations. Investigation will likely take the form of falling head tests, rising head tests 

or micro-pumping tests. Hydraulic parameters will be used as input to groundwater and seepage 

modelling. 



 

F:\293\3.C&R\H\293H_035a.docx 6 

5.3 Review  

Incoming results from drilling and acquisition of new hydrogeological information will permit the 

overall groundwater monitoring and investigation program to be reviewed for suitability. As is found 

necessary the network design and monitoring program will be altered to reflect needs of the ongoing 

investigation. This will allow for in-progress adjustment of the drilling program (bore locations and 

design), recommendations for future drilling investigations, and changes to testing methods. Results 

of data analysis and seepage modelling may also inform future decisions for bore placement, design 

and testing. 
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6 GROUNDWATER AND SEEPAGE MODELLING 

AQ2(2020) identified opportunities for improvement of seepage modelling previously undertaken for 

the Mardie Project. The hydrogeology of the area has been studied in detail as part of mining 

dewatering and water supply projects located further inland, however, the interactions between fresh 

and more saline water in the area of the proposed ponds require further quantification, including 

groundwater recharge processes.  Of particular interest are the fresh water recharge processes 

associated with Mardie Pool, and the reflux processes and salinity exchanges associated with water 

that is understood to support areas of algal mats near the Project area.   

The requirements of the current assessment are to use a groundwater modelling approach to 

simulate the hydrogeological conditions in the Project area.  We propose a two staged approach.  The 

first part of the study (Stage 1) will be designed to simulate the interactions between fresher and 

more saline water close to the coast and in the area of the evaporation ponds, while the second part 

(Stage 2), will address the potential interactions of the proposed ponds on the regional groundwater 

flow system.   

The evaporation ponds are proposed to be located close to the coast.  Groundwater underlying the 

project area is saline, as a result of evapo-concentration, and / or interactions with the salt / sea 

water interface associated with the coast.  There is also the potential for groundwater recharge, from 

surface water flows, that may also periodically recharge the system. Management of the evaporation 

ponds may intercept some of the recharge across the coastal flood plain area.   At present it is not 

well understood: 

• If vegetation in the area of Mardie Pool utilises fresher, recent recharge to groundwater, and 

if this fresher water persists for significant periods of time or support Mardie Pool.  

• How reflex processes support algal mats located in the project area. 

The Stage 1 modelling work is designed to assess the potential for the conditions outlined above to 

exist under a range of plausible hydrogeological conditions for the area.  Stage 2 modelling will 

assess the impact of the Project on the regional groundwater flow system. 

 

6.1 Approach 

6.1.1 Data Review and Conceptualisation 

The data review will underpin the development of a conceptual hydrogeological model of the project 

area.  Key aspects of the conceptual hydrogeological model will be: 

• Development of a static hydrostratigraphic model for the project area (using Leapfrog Geo).  

This will be a 3D representation of the major hydrogeological units, topography, water table 

and groundwater salinity.  This will also highlight areas of potential groundwater-surface 

water interaction.  Outputs from this model will also be used as key inputs to the Stage 1 

and Stage 2 modelling approaches outlined in Sections 2.2 and 2.3 below.   

• Interpretation of hydrostratigraphic pressures, gradients and salinity as they apply to the 

groundwater flow system and recharge and discharge processes.   

• Estimates of hydraulic parameters from: 

o Analysis of data from hydrogeological testing. 

o Analysis of any Particle Size Distribution (PSD) data that may have been collected from 

geotechnical investigations.  

• Identification of areas or sources of groundwater recharge including recharge from rainfall 

associated flood plain and flood channels. 

• Identification of areas or points of groundwater discharge including groundwater outflow to 

the coast and surface pools, evapotranspiration from vegetation and shallow water tables.   

•  Estimates of groundwater recharge and discharge based on regional groundwater gradients.   
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•  Catchment water balances will be developed based on regional groundwater levels, recharge 

and discharge estimates and the hydrogeology of the project area.  These water balance 

estimates, that reflect groundwater levels in the modelled catchment, will also be used as 

calibration targets for the regional numerical modelling. 

• Identification of key components of the catchment water balance that may result from 

development of the ponds (for example groundwater recharge and discharge processes).   

The review will be completed and any data gaps or critical uncertainties with the conceptual model 

will be identified that will require attention as part of the proposed groundwater modelling.   

6.1.2 Stage 1 Modelling 

We propose to complete density dependent groundwater flow modelling to assess the groundwater 

conditions in and around the proposed Project ponds.  This type of modelling simulates groundwater 

flow and also includes the interactions between water of varying salinity (fresh, brackish, saline and 

hyper-saline).  The requirement to include the density dependent processes adds computation time 

due to the additional calculations required.  There is also the requirement for a more refined model 

discretisation to simulate salinity gradients (i.e., more model cells / elements and layers).  It is also 

known from previous modelling studies, that regional density dependent flow systems can be difficult 

to simulate. An assessment of hydraulic loading effects due to overbearing mass of above-ground 

structures and varying density brine will also be incorporated into the modelling.  

To allow simulation of the hydrogeological conditions across the Project site, we propose an approach 

that simulates 5 sections, in 2 dimensions.  These sections would be aligned in the direction of 

groundwater flow and extend from upstream of the ponds, across the pond areas and the areas of 

vegetation and pools and to the coastline.  Using this approach, we can simulate hydrogeological 

variability across the project area as well as the salinity conditions.  A number of section models can 

also be combined, or “extruded” to simulate processes that are not readily simulated with a 

2 Dimensional (2D) modelling approach.  This could include pond leakage or concentrated flow 

channel recharge.    

For each of the 5 sections we will develop the following hydrogeological framework that includes: 

• The groundwater flow system of the area, with maximum groundwater levels upstream of 

the proposed ponds and flows down gradient towards the coast.   

• Groundwater flow components that are influenced by groundwater salinity (for example the 

flow of denser groundwater flow from coast areas inland, or the development of salinity 

driven flows under coastal evaporation areas or near the salt water interface).   

• Key aquifer units within the alluvial aquifer (gravels, sands, clays) as they may impact the 

interactions between groundwater recharge and discharge processes. 

• Aquifer parameters for key aquifer hydrogeological units. 

• Groundwater recharge and discharge processes, including: 

o  inflow from upstream,  

o outflow to downstream / the coastal salt water interface, 

o diffuse overland flow recharge, 

o focussed or river channel recharge (noting that if this is important a number of 2D 

models will need to be “extruded” or given a meaningful width to simulate these 

processes),  

o use by groundwater dependent vegetation (evapotranspiration), and  

o evaporative losses from shallow water tables.   

These conditions will be used as model inputs, and the models will be used to simulate the resulting 

groundwater conditions of interest, including water levels and salinity distributions (i.e., fresh water 

pools and groundwater salinity distributions).  To date we have completed similar modelling 
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assessments using the groundwater flow modelling package FeFlow1.  FeFlow is a finite element 

groundwater flow package that also simulates density dependent flow.  Until recently, FeFlow was 

the most suitable programme for this application, however Modflow-based finite difference codes can 

now efficiently simulate density dependent flow.  The requirement to use FeFlow or a Modflow based 

code will be assessed as part of the study.   

As far as practicable, the models will be used to simulate observed conditions (groundwater levels 

and observed groundwater salinities).  The extent to which this results in model calibration will 

depend on the data available.  A set of hydrogeological conditions would normally be deemed 

plausible if the model is able to simulate groundwater levels and salinities using defendable or 

reasonable aquifer parameters.  The current level of uncertainty may mean that the range of aquifer 

parameters could be large.  To address this, the approach will include ranges of aquifer parameters 

as well as the potential for a hydrogeological uncertainty to influence the outcomes (i.e., the types 

of aquifer units will be varied as well as the parameters used to define each aquifer units).  This 

approach is proposed to prevent bias in the assessment.  Depending on the complexity of the models 

developed, there may be the possibility to use some automated calibration techniques, however it is 

anticipated that the majority of the work will be completed using a manual model calibration 

approach.   

Key outcomes of the modelling will include: 

• The hydrogeological conditions that could support zones of fresh water in the areas of the 

proposed ponds, and the reflux processes that may support algal mats.   

• Areas of enhanced permeability that result in enhanced recharge or greater groundwater flow  

• Barriers to flow that prevent the movement of more saline water. 

• Area of uncertainty that required further investigation. 

• Flow processes in areas upstream of the proposed ponds, for input into the regional flow 

modelling.   

The modelling approach, set up, simulation, results and recommendations will be included in a report 

to allow review as well as provide information required for approval / environmental documents.   

6.1.3 Stage 2 Regional Groundwater Modelling 

6.1.3.1 Model Setup and Calibration 

Stage 2 modelling will involve the development of a regional groundwater flow model to assess the 

potential impacts of the proposed evaporation ponds on the regional groundwater system.  Operation 

of the ponds will involve the concentration of salts and any potential impacts of these ponds would 

involve the mobilisation of evaporated material and their movement (by dissolution) into the 

underlying groundwater and to any receptors in the area (for example the Fortescue River or  

mining / dewatering operations, located approximately 20 km) to the east. 

The regional groundwater model will incorporate key elements of the hydroeological conceptual 

model including the outcomes of the Stage 1 model.  The numerical model will have a practical run 

time, which will be more easily achieved as it will not be necessary to simulate salinity and density 

effects.  The model will also be developed consistent with groundwater modelling guidelines for model 

development, calibration and predictions.   

We propose to use a Modflow based groundwater modelling code operating under the Groundwater 

Vistas graphical user interface.  Modflow Surfact and Modflow USG both includes adaptive time-

stepping (for numerical efficiency) while the Modflow USG also allows for computational efficiency 

through cell size.  As part of the Stage 1 assessment, it may be that FeFlow is more suitable for this 

 

1 DHI 1979 – 2021. FEFLOW Finite Element Simulation System for Subsurface Flow and Transport Processes.  
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assessment, and there is also the flexibility to use that for the regional groundwater flow model.  

FeFlow allows for flexible grid design and automatic time stepping.   

The model will include the Project area and include aquifer extents and suitable boundary conditions 

to simulate conditions upstream, including the Fortescue River aquifers and nearby mining 

operations.  The model will be calibrated to pre-development or steady state conditions, and any 

historical data will be used to complete history matching (transient calibration).  Model calibration 

performance will be assessed using standard techniques (calculation of standard error measures) 

and inspection of predicted groundwater level contours and model generated water balances. 

There may be some advantages in using automated calibration techniques during model calibration, 

depending on data availability, however we anticipate calibrating the model using a manual approach.  

We propose to use an automated approach to remove any bias based on current understanding. This 

will include running the model over a very wide range of parameters and assessing standard 

measures of error. This will include log normal distributions of permeability and Half -normal 

distributions of storage. This will also be used to guide the uncertainty analysis and allow an 

assessment of non-uniqueness of the calibration data set. 

6.1.3.2 Model Predictions, Sensitivity and Uncertainty 

Model Predictions 

Model predictions will be completed using the calibrated model.  To demonstrate the impacts of the 

project on the regional groundwater system will require showing that there will be no movement of 

groundwater from the project area to either the Fortescue River and associated aquifer or mining 

operations to the east.  To demonstrate this, we anticipate running the model over the life of the 

project, assuming time varying seasonal conditions and demonstrating flow paths from the pond 

areas over the life of the project using particle tracking.  Particle tracking software (for example 

MODPATH (Pollock, 2016)2 or mod-PATH3DU (reference, 2014-2017)3 use modelled flow components 

to predicted flow paths.  In this case, flow paths would be run forward, originating from the project 

ponds over the life of the mine.   This would simulate flows paths associated with normal operation 

of the ponds under the ambient groundwater regime, or, if for example the ponds were to leak and 

release water of higher salinity or evaporated products were to be dissolves and recharge the 

underlying groundwater.     

Model Sensitivity 

Model sensitivity is sometimes addressed by observing model calibration performance to changes in 

aquifer parameters as part of the model calibration process.  Key metrics can be derived to assess 

model sensitivity, however in areas with limited data for model calibration, these metrics often point 

to sensitivities that are clear from the hydrogeological conceptualisation.  In recent studies in similar 

environments, automated approaches to assess sensitivity have lead to such conclusions (e.g. large 

aquifers, with limited monitoring data and potentially high storage show the potential for sensitivity).   

To assess model sensitivity, we propose to include: 

• Key uncertainties that have been identified in the hydrogeological conceptualisations; and  

• Areas of model sensitivity observed during model calibration.   

No model re-calibration will be completed.  Model predictions will be re-run with changes to key 

aquifer parameters (or multiple parameters) to produce a range of outcomes.  We have included a 

budget allowance to assess model sensitivity to changes in model parameters for the Base Case. 

 

 

 

2  Pollock, D.W., 2016, User guide for MODPATH Version 7- A particle tracking model for MODFLOW:  US 

Geological Survey Open-File Report 2016 -1086, 35p, http://dx.doi.org/10.3133/ofr20161086  
3 Papadopolous and Associates, Inc. University of Waterloo.  mod-PATH3DU A Groundwater Path and Travel 

Time Simulator Version 2.0.0 12/2017.   

http://dx.doi.org/10.3133/ofr20161086
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Model Uncertainty 

Model uncertainty analysis as it applies to groundwater modelling can be described as using more 

than one calibrated model to predict a range of outcomes.  Each of the calibrated models include 

feasible aquifer parameters, or an alternate hydrogeological conceptualisation to achieve an 

acceptable model calibration.  This approach is designed to address model non-uniqueness.   

To assess the range of impacts, we would complete an uncertainty analysis rather than a sensitivity 

analysis (i.e., the model would be recalibrated after parameter changes).  If uncertainty analysis (as 

opposed to sensitivity analysis is completed), it is a more robust way of addressing model non-

uniqueness.  This approach will involve running more than one calibrated model to predict a range 

of dewatering rates and impacts.  We propose that a number of uncertainty models could be 

developed: 

• If an alternate hydrogeological conceptualisation is included, then this will be one of the 

uncertainty runs with another included to address parameter uncertainty.   

• Some of the uncertainty runs may not require model re-calibration, which would also identify 

the non-uniqueness of the calibrated models.   

6.1.3.3 Reporting 

All work will be documented in a final report.  The final report will include details on the following: 

• The outcomes of the data review and hydrogeological conceptualisation;  

• Groundwater model development; 

• Model calibration; 

• Model predictions and uncertainty (or sensitivity); 

• Discussion of the model limitations and areas of remaining uncertainty; and 

• Conclusions and recommendations for future work 
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We trust this memo report meets your requirements. Please contact us if you have any queries. 

 

Regards, 

Bruce Duncan 

Hydrogeologist Director / Consulting Hydrogeologist 

 

Author:  BPH,KLR(16/11/21) 
Checked:  DGS (15/10/21) 
Reviewed: AH (15/10/21) 

 

 

Attached: 

Figure 1: Location and Site Layout 
Figure 2: Terrestrial Monitoring Network Phase 1 

Figure 3: Terrestrial Monitoring Network Phase 2 
Figure 4: Coastal Monitoring Network 

 

 

References 

AQ2, 2020. Mardie Project – Desktop Groundwater Risk Assessment. Memo Report prepared for 

Mardie Minerals Ltd. November 2020. 

AQ2, 2021. Mardie Project – Groundwater Risk Assessment – Optimised Project. Memo Report 

prepared for Mardie Minerals Ltd. June 2021. 

Hayes MA, Jesse A, Welti N, Tabet B, Lockington D, Lovelock CE. Groundwater enhances above- 
ground growth in mangroves. J Ecol. 2019;107:1120–1128. https://doi.org/10.1111/1365-
2745.13105 
 
Porada H, Bouougri,E. and Ghergut,J., 2007. Hydraulic conditions and mat-related structures in 
tidal flats and coastal sabkhas. 
 

 

 

https://doi.org/10.1111/1365-2745.13105
https://doi.org/10.1111/1365-2745.13105


 

 

 

 

 

 

 

 

 

 

 

 

FIGURES 

 



F:\293\4.GIS\Workspaces

Project
Location

Mardie Project
Location and
Site Layout

Figure 1

AUTHOR: BPH

DRAWN: BPH

DATE: 15/11/2021

REPORT NO: 035a
JOB No: 293H Background Image (C) Google

Project Infrastructure data supplied by BCI
Minerals

Notes and Data Sources:

Projection: GDA2020
MGA Zone 50

Disturbance Footprint OFS Mardie Pool
Legend

76
45

00
0N

76
45

00
0N

76
50

00
0N

76
50

00
0N

76
55

00
0N

76
55

00
0N

76
60

00
0N

76
60

00
0N

76
65

00
0N

76
65

00
0N

375000E

375000E

380000E

380000E

385000E

385000E

390000E

390000E

395000E

395000E

Primary
Crystalliser

Secondary
Crystalliser

Concentrator
Ponds



F:\293\4.GIS\Workspaces\Mardie Enviro Memo 20211115.qgz

Project
Location

Terrestrial Monitoring
Network - Phase 1

Figure 2

AUTHOR: BPH

DRAWN: BPH

DATE: 15/11/2021

REPORT NO: 035a
JOB No: 293H Base image (C) Google Maps

OFS Site Layout supplied by BCI Minerals

Notes and Data Sources:

Projection:GDA2020
MGA Zone 50

Terrestrial Monitoring Network - Phase 1

Mardie Pool

Disturbance Footprint OFS

Legend

76
54

00
0N

76
54

00
0N

76
56

00
0N

76
56

00
0N

76
58

00
0N

76
58

00
0N

76
60

00
0N

76
60

00
0N

76
62

00
0N

76
62

00
0N

76
64

00
0N

76
64

00
0N

388000E

388000E

390000E

390000E

392000E

392000E

394000E

394000E

396000E

396000E

Secondary
Crystalliser

Primary
Crystalliser

KTMS
Crystalliser

Concentrator
Ponds



F:\293\4.GIS\Workspaces\Mardie Enviro Memo 20211115.qgz

Mardie
Project

Terrestrial Monitoring
Network - Phase 2
(with Phase 1)

Figure 3

AUTHOR: BPH

DRAWN: BPH

DATE: 15/11/2021

REPORT NO: 035a
JOB No: 293H Base image (C) Google Maps

OFS Site Layout supplied by BCI Minerals

Notes and Data Sources:

Projection: GDA2020
MGA Zone 50

Terrestrial Monitoring Network - Phase 1

Terrestrial Monitoring Network - Phase 2

Mardie Pool

Disturbance Footprint OFS

Legend

76
56

75
0N

76
56

75
0N

76
57

00
0N

76
57

00
0N

76
57

25
0N

76
57

25
0N

76
57

50
0N

76
57

50
0N

390750E

390750E

391000E

391000E

391250E

391250E



F:\293\4.GIS\Workspaces\Mardie Enviro Memo 20211115.qgz

Project
Location

Coastal Monitoring
Network

Figure 4

AUTHOR: BPH

DRAWN: BPH

DATE: 15/11/2021

REPORT NO: 035a
JOB No: 293H Base image (C) Google Maps

OFS Site Layout supplied by BCI Minerals

Notes and Data Sources:

Projection: GDA2020
MGA Zone 50

Coastal Monitoring Network

Mardie Pool

Disturbance Footprint OFS

Legend

76
50

00
0N

76
50

00
0N

76
55

00
0N

76
55

00
0N

76
60

00
0N

76
60

00
0N

76
65

00
0N

76
65

00
0N

76
70

00
0N

76
70

00
0N

380000E

380000E

385000E

385000E

390000E

390000E

395000E

395000E

Secondary
Crystalliser

Concentrator
Ponds

Primary
Crystalliser


	293H_035a
	1 035a Figure 1 OFS _ Location and Site Layout
	2 035a Figure 2 OFS Terrestrial Monitoring Network Phase 1
	3 035a Figure 3 OFS Terrestrial Monitoring Network Phase 2
	4 035a Figure 4 OFS Coastal Monitoring Network

