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1. Introduction 

1.1 Background 

GHD had previously undertaken an assessment of groundwater change associated with 

dewatering and MAR during operations (up to 2031) and post closure, in its 2019 report Roy 

Hill Life of Mine Water Management Strategy- Groundwater Change Assessment. This 

assessment was underpinned by numerical modelling (MODFLOW-NWT) which incorporated 

the mining area and the Chichester Range as well as Fortescue Valley to the south of the Roy 

Hill Iron Ore Mine.  

The numerical model (GHD, 2019) was used to predict water level changes, including the 

development and dissipation of cones of depression due to dewatering; and depth to 

groundwater used for evaluation of potential impacts on groundwater dependent ecosystems 

(GDEs) and vegetation communities. 

The assessment has been done in the context of RHIO’s development of a MAR project for the 

purpose of disposing and/or storing surplus groundwater into Proterozoic and Cainozoic 

formations within the mining area. This study assesses the potential risks or benefits of potential 

changes to the environment associated with the discharge of saline water (which also includes 

TSF decant water) as part of the proposed MAR scheme. 

1.2 Scope and limitations 

1.2.1 Scope 

The scope of work focuses on the potential impact of the increased volumes of surplus water re-

injection on the identified groundwater quality parameters within the south-west injection 

borefield (SWIB). As indicated above, the study builds on the numerical modelling carried out as 

part of the groundwater change assessment work (GHD, 2019) by adding solute transport 

simulations associated with injection of saline water for evaluation of groundwater quality 

changes. The assessment focuses specifically on total dissolved solids (TDS), selenium (Se), 

chromium (Cr) and nitrate (NO3).  

MT3D-USGS solute transport software (Bedekar et al, 2016) was used to compute solute 

transport simulations based on groundwater flows and directions obtained from GHD’s 2019 

groundwater flow model (MODFLOW-NWT). Details of the previous hydrogeological 

conceptualisation, flow model construction, calibration and predictive modelling are referred to 

in the GHD 2019 report and are note replicated in this document. 

Solute fate and transport was simulated for selected potential contaminants but the findings 

from these simulations can be extrapolated to other dissolved metals, since they would be 

migrating in the same groundwater system with minor differences between their specific 

attenuation properties. 

The mounding and water quality effects were then assessed with respect to potentially affected 

vegetation and the Fortescue Marsh. 

This study forms an addendum to the groundwater change assessment report (GHD, 2019) 

and so should be read in conjunction with this original report. 
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1.2.2 Limitations of this report 

This report: has been prepared by GHD for Roy Hill Iron Ore Pty Ltd and may only be used and 

relied on by Roy Hill Iron Ore Pty Ltd for the purpose agreed between GHD and the Roy Hill Iron 

Ore Pty Ltd as set out 1.2.1 of this report. 

GHD otherwise disclaims responsibility to any person other than Roy Hill Iron Ore Pty Ltd 

arising in connection with this report. GHD also excludes implied warranties and conditions, to 

the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 

specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 

encountered and information reviewed at the date of preparation of the report.  GHD has no 

responsibility or obligation to update this report to account for events or changes occurring 

subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 

made by GHD described in this report (e.g. Sections 3.4 and 3.5 of this report). GHD disclaims 

liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Roy Hill Iron Ore Pty Ltd 

and others who provided information to GHD (including Government authorities)], which GHD 

has not independently verified or checked beyond the agreed scope of work. GHD does not 

accept liability in connection with such unverified information, including errors and omissions in 

the report which were caused by errors or omissions in that information. 

GHD excludes and disclaims all liability for all claims, expenses, losses, damages and costs, 

including indirect, incidental or consequential loss, legal costs, special or exemplary damages 

and loss of profits, savings or economic benefit, Roy Hill Iron Ore Pty Ltd may incur as a direct 

or indirect result of the numerical model, for any reason being inaccurate, incomplete or 

incapable of being processed on Roy Hill Iron Ore Pty Ltd’s equipment or systems or failing to 

achieve any particular purpose. To the extent permitted by law, GHD excludes any warranty, 

condition, undertaking or term, whether express or implied, statutory or otherwise, as to the 

condition, quality, performance, merchantability or fitness for purpose of the numerical model. 

GHD does not guarantee that the numerical model is free of computer viruses or other 

conditions that may damage or interfere with data, hardware or software with which it might be 

used. Roy Hill Iron Ore Pty Ltd absolves GHD from any consequence of Roy Hill Iron Ore Pty 

Ltd’s or other person’s use of or reliance on, the numerical model. 
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2. Summary of hydrogeological 

conceptualisation 

2.1 Source, pathway, receptor linkage 

The conceptual hydrogeological model summary, relevant for transport simulations, is 

presented within the source – pathway – receptor framework: 

 Source – SWIB MAR, injection of dewater/decant mix, which has the potential to create 

localised mounding and change groundwater quality 

 Pathway – the receiving aquifer system, with injection into the deeper part of the aquifer 

system (generally to a depth of 70 to 80 m below ground level) 

 Receptor – in particular phreatophytic vegetation (where applicable), Fortescue Marsh, 

and to some degree groundwater, in terms of its present or future beneficial use. 

A brief description of the conceptual elements is provided in the following sections: 

2.2 SWIB borefield 

This assessment focuses on the south-west injection borefield (SWIB) which is currently 

permitted to receive saline water of up to 30 g/L TDS.  

The SWIB is situated south of the Zulu and Bravo and east of Echo areas on the western 

perimeter portion of RHIO’s mining tenement (refer to GHD, 2019, Figures 3-24 and 3-25). The 

injection bores are on average 70 m deep, targeting the weathered dolomite aquifer and the 

Marra Mamba Formation (collectively referred to as fractured bedrock aquifers), which are 

overlain by Tertiary detritals (including calcrete) and alluvial sediments. 

The borefield has started to receive surplus water from mine operations and over life of mine it 

is estimated to receive on average 67 ML/d of surplus water, which peaks up to 109 ML/d 

between 2021 and 2022 (GHD, 2019).  

In this assessment the TSF decant component of the surplus water may form up to 20 ML/d of 

the total injected volume. Therefore the SWIB will receive a mix of excess water from 

dewatering activities and TSF decant water. 

2.3 Key aspects of groundwater system dynamics during mining 

and post closure 

The groundwater system is predicted to experience changes in flow directions and water levels 

during mining and after mining ceases. In particular, the following changes are material to the 

assessment as derived from GHD (2019): 

 Development of a large cone of depression due to dewatering. Due to the removal of over 

600 GL of water from groundwater storage during mining (of which up to around 500 GL 

will be returned to the groundwater system) a considerable cone of depression (GHD, 

2019) will develop to the north and east of the SWIB. It will function as a groundwater sink 

during mining and post closure, with flow directions centred towards it until the new 

equilibrium water levels establish. Within the cone of depression flow directions will vary 

depending on which part of the mining area is dewatered at that time. Directions towards 

the cone of depression will also affect transport of solutes introduced on the periphery or 

within the cone of depression. 
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 Under MAR operational conditions, the sustained injection will result in an increase in the 

groundwater flow gradients in the SWIB area, and a groundwater mound about 7 km long 

and 3 to 4 km wide is predicted to form during re-injection. The mound is predicted to rise 

over 10 m above the natural groundwater level. It will be partly offset by dewatering which 

will occur up to March 2031 to the north and east of the SWIB, with the injection occurring 

within the dewatering footprint. During that time the groundwater flow rates will locally 

increase due to the temporarily increased groundwater gradient. 

 After dewatering and re-injection ceases in 2031, the groundwater level will slowly 

recover to its new equilibrium. The mound is predicted to recede within several years. 

During that time it will be absorbed by the footprint of the previously dewatered area. It 

will take approximately 20 years after closure for groundwater flow from the SWIB area to 

resume its direction towards the Fortescue Marsh. 

2.4 Selected groundwater quality parameters 

2.4.1 Salinity 

The SWIB area is characterised by variations in salinity of several orders of magnitude in both 

lateral and vertical directions. Salinity, expressed as TDS, generally decreases upgradient of the 

Fortescue Marsh and towards the Chichester Range. The TDS increase laterally and at depth to 

the south of the tenement is the direct result of the presence of the saline interface extending 

from the Fortescue Marsh.  

Groundwater samples in the SWIB area from the deepest sampled sections, in the Jeerinah and 

Wittenoom Formations, have TDS in excess of 100 g/L, while samples from the Marra Mamba 

and Wittenoom Formations have TDS between 50 to 100 g/L (GHD, 2019, Section 3.2.8, 

Figures 3-10, 3-12, 3-14, 3-16). 

Shallow horizons (Quaternary sediments) contain relatively fresh groundwater with the majority 

of samples below 2 g/L, but also samples in the range of 2 to 5 mg/L. The samples close within 

2 to 3 km of Fortescue Marsh but south of the SWIB, are hypersaline with TDS in excess of 

50 g/L.  

Tertiary detritals show greater variability in salinity and higher concentrations than the 

Quaternary sediments and vary between less than 2 g/L to more than 20 g/L, with a few 

samples in the 20 to 50 mg/L range.  

RHIO has recently mapped and prepared a dataset of groundwater salinity around the SWIB 

(provided to GHD during this project). The spatial distribution of TDS for the three major aquifers 

based on this dataset is shown in Appendix A, Figure A-6, referred to as reference 

(‘background’) TDS. 

2.4.2 Hydrochemical types 

Hydrochemical composition of major ions of samples in the SWIB and neighbouring areas 

suggests dominance of sulphate in the mining areas and chloride in areas closer to the 

Fortescue Marsh. Sulphate is indicative of oxidation of sulphides, known to be present within the 

aquifer materials, especially at depth associated with the Jeerinah Formation. More information 

is provided in GHD, 2019, Section 3.2.8. 

2.4.3 Nitrate 

Nitrogen species in groundwater include several forms of which nitrate is the most stable and of 

concern to regulatory agencies. Since this form of nitrogen is in anionic form it is readily 

transported in groundwater and stable over a considerable range of hydrogeochemical 
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conditions. Nitrogen forms are nevertheless affected by redox state and bacterial activity which 

can lead to denitrification if there is suitable source of organic carbon.  

Nitrate appears to be ubiquitous in the mining area in elevated concentrations. Nitrate 

concentrations for major aquifers are presented in GHD (2019), Section 3.2.8, subheading 

Nitrate in groundwater and Figure 3-18. A lower range nitrate concentrations (up to 20 mg/L) is 

found on the perimeter of the mining tenement while higher nitrate concentrations (20 to 45 

mg/L) generally tend to be found closer to the centre axis of the tenement. Concentrations 

above 45 mg/L are infrequent and mainly in the centre of the tenement. Exceptions to this 

pattern are also reported in the SWIB bores some of which show elevated nitrate 

concentrations. 

Nitrate and sulphate concentrations in the mining tenement indicate the presence of redox 

zonation with depth. Nitrate is likely to undergo reduction at depth and is used to oxidise 

sulphide into sulphate, which is often the dominant ion in fractured bedrock bores. 

The ANZECC trigger values of nitrate for health and stock purposes are 50 and 90 mg/L, 

respectively while 95% ecological trigger level is 0.7 mg/L. The nitrate background 

concentrations exceed ANZECC ecological criteria and so it is considered not appropriate for 

trigger value.  

2.4.4 Chromium and selenium 

Groundwater contains small concentrations of trace metals, however a number of trace metals, 

including Cr and Se generally occur in concentrations below their respective laboratory 

detection limits. This suggests that under natural conditions and prevailing neutral pH 

conditions, Cr, Se and the majority of other trace metals present in the groundwater 

environment are commonly bound to the rock matrix.  

Selenium naturally exists in different oxidation states, including oxyanions selenate and 

selenite, reduced selenium (selenide) and elemental selenium. Selenate and selenite 

oxyanions, common in oxic environments are the most mobile and toxic of selenium species. 

The presence of aluminium and iron species in the solid phase may result in substantially higher 

Se co-precipitation with e.g. FeO(OH). Decreased Se mobility is favoured in a reducing 

environment. 

Injection of excess water will take place at depth, into Proterozoic formations, i.e. Marra Mamba 

(BIF) and Wittenoom (weathered dolomite) Formations, and partly the overlying detritals. While 

conditions at depth may be reducing shallow groundwater is likely to be oxic and within normal 

pH range with low impact on reducing Se mobility. The majority of Se load will be injected at 

depth and only part of it will eventually migrate to the shallower sections of the aquifer system. 

The ANZECC trigger values of Se for health and livestock purposes are 0.01 and 0.02 mg/L 

respectively, while 95% ecological trigger level is 0.011 mg/L. Background groundwater 

concentrations are below detection limit, and consequently are assumed to be also below the 

trigger levels. 

Cr in groundwater is found in +3 and +6 oxidation states. The geochemical behaviour and 

biological toxicity of chromium in these two oxidation states are profoundly different. Hexavalent 

(+6) Cr tends to be soluble, forms anions or neutral dissolved species, can be mobile and is 

acutely toxic. In contrast trivalent Cr (+3) tends to precipitate, forms cationic dissolved species, 

is immobile under moderately alkaline to slightly acidic conditions and is relatively non-toxic. 

As with other metals Cr, especially trivalent species, can coprecipitate with iron oxides and 

hydroxo-oxides. Concentrations of Cr are thus typically controlled by dissolution/precipitation 

reactions. The transport of Cr was therefore modelled as reactive, with a low-end attenuation 

rate. 
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The ANZECC trigger values of Cr for health and stock purposes are 0.05 and 0.1 mg/L, 

respectively, while 95% ecological trigger level is 0.0004 mg/L. Background groundwater 

concentrations in SWIB bores are 0.004 to 0.025 mg/L (where detected) and below the trigger 

levels for human health and livestock, however exceed the ecological trigger level. The existing 

background concentrations exceed ANZECC ecological criteria and so it is not appropriate to 

adopt this trigger value in this assessment. 

Values reported from groundwater and supernatant monitoring do not distinguish between the 

different valency states of Cr, they are understood to be representative of total Cr. 

2.5 Exposure routes and environmental receptors 

Potential exposure routes are: 

 Effects of the change in water quality in the shallow aquifer on phreatophytic and riparian 

vegetation;  

 Mounding (changing groundwater levels) effect on phreatophytic and riparian vegetation 

within the area of groundwater mounding. 

 Potentially sensitive receptors with regards to MAR in the SWIB area are: 

 Surficial aquifer – water quality, and effects on vegetation communities in areas with 

shallow depth to groundwater 

 Native and riparian vegetation in the area of developing groundwater mound 

 Fortescue Marsh - classified as a Priority Ecological Community (PEC) by the 

Department of Parks and Wildlife (DPaW, 2013), however it does not contain any 

threatened Ecological Communities (TECs) (MWH, 2015).  
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3. Solute transport assessment 

methodology 

3.1 Introduction 

An assessment of the water quality change associated with MAR into the SWIB can be 

quantified using the existing LoM assessment groundwater flow model developed for evaluating 

the changes in the aquifer system associated with dewatering and managed aquifer recharge. 

The MODFLOW model, presented in GHD 2019, includes the area of the Fortescue Marsh. One 

of the advantages of this existing LoM model is the explicit derivation of cumulative and 

transient groundwater level and flow change associated with mining and MAR over and outside 

of the mining footprint which has a bearing on solute migration pathways and rates. 

3.2 Groundwater flow model used for transport simulations 

The work undertaken by GHD in 2019 included evaluating a number of LoM scenarios. Scenario 

2B, considered representative of the worst case with regards to environmental receptors, has 

been used to assess water quality changes in this scope of work. This scenario assumes 

dewatering and injection in the mining area plus injection in other MAR areas, such as RMAR 

North and South (locations presented in GHD, 2019). 

3.3 Source input concentrations (injected water) 

The injected water TDS concentration considered in this assessment is constant 50 g/L, i.e. 

20 g/L over the currently approved 30 g/L. 

The Cr, Se and nitrate input concentrations simulated in the reinjected water to the SWIB were 

derived from the GOLDSIM model for decant water quality (GHD, 2018). Based on this model 

the simulated TSF decant water concentrations increase during the operational period of 2018 

to 2031 as follows: 

 Chromium: from 0.05 to 0.100 mg/L 

 Selenium: from to 0.02 to 0.04 mg/L 

 Nitrate: from 115 to 240 mg/L  

Input concentrations in the injected water were ‘diluted’ (from their decant concentration) when 

injected rates exceeded 20 ML/d. When injected rates were below 20 ML/d, it was 

conservatively assumed all injected water came from TSF decant water and consequently 

undiluted TSF decant water concentrations (Cr, Se and nitrate) were assumed.  

3.4 Transport parameter set-up 

Dissolved metals and nitrate are known to undergo reactive changes in the aquifer system given 

the complex reactions of solution and precipitation in response to pH and redox condition 

changes. Redox changes, in particular, are assumed to be driving the reactive nature of 

transport of metals and nitrate in the aquifer system.  

Changing the balance between sources (injected water) and natural (aquifer) water can 

contribute to chemical reactions within the aquifer. Some examples of possible major ion 

disruptions include: 

 Solubility of the input parameters given the receiving environment conditions (i.e. pH and 

EC of aquifer), 
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 Dissolution of carbonate minerals, 

 Mineral dissolution, if occurring, can increase hardness, 

 Anaerobic zone can develop around the injection well (leading to dissolution of iron), 

 Aerobic zone can develop around the injection well (leading to precipitation of some 

metals, e.g. iron)  

 Metals will often accumulate near the point of injection. 

Reactive processes related to dissolved metals and nitrate include solute removal from 

groundwater. The rate of removal, referred to as attenuation rate, includes a number of 

reactions, some of which can be microbially mediated, including co-precipitation with other 

minerals in particular iron and carbonate minerals, sorption on mineral surface (in particular clay 

minerals), precipitation due to pH and redox conditions, oxidation and reduction and others. 

Attenuation rates are usually derived from kinetic testing, and/or from well-instrumented field 

data often followed and confirmed by subsequent fitting using numerical transport models. Since 

such data is not available for this study, literature values were collated and used in this 

assessment. 

A low range of attenuation rates collated from literature was used partly to account for site 

differences, scale from lab to field conditions (where applicable) but mainly to maintain the 

degree of conservatism in the assessment. Attenuation factors are assumed to account, as 

lump parameters, for all key processes leading to removal of solutes from groundwater. As a 

consequence, distribution (sorption) coefficients were not used in this study, since sorption of 

Cr, Se and nitrogen may not be as important due to its preferred speciation into anions for 

neutral pH conditions. 

The following attenuation values were used in this study (Table 3-1): 

Table 3-1 Attenuation rates applied in transport modelling 

Constituent Low range 
from 
literature 

Mean 
range from 
literature 

Adopted in 
this study 

Source 

Chromium 0.297 yr-1 0.693 yr-1 0.297 yr-1 Truex et al, 2015; Harwood, 
2016 

Selenium 0.365 yr-1 2.6 yr-1 0.365 yr-1 Schultz et al, 2018, Bailey et 
al, 2013 

Nitrate 0.07 yr-1 0.7 yr-1 0.07 yr-1 Lee at al, 2006; Shultz et al 
2018, Bailey et al, 2013; 
Carroll et al, 2009 

Advective-dispersive flux is modelled with longitudinal dispersivity value of 250 m. Transversal 

and vertical (longitudinal) values of dispersivity tensor were set 0.1 and 0.01 of longitudinal 

value, respectively.  

The porosity values were set slightly above the respective specific yield values. Of particular 

importance are porosities for alluvial and detrital sediments which were set at 0.2. 

Other transport modelling assumptions made in this study include: 

 Input concentrations will vary as predicted from GOLDSIM modelling 

 Transport parameters such as dispersivity and porosity will not vary significantly between 

individual hydrostratigraphical units and are reasonably conservative 

 Hydrological response of the aquifer system will be as predicted by the groundwater flow 

model. 
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3.5 Initial conditions (concentrations) 

3.5.1 Salinity (TDS) 

Injected concentration of 50 g/L TDS is considered in the context of reportedly high TDS 

concentrations, especially at depth, which are naturally present as they emanate from the 

evapoconcentrated brine radially extending underneath the Fortescue Marsh (where they reach 

concentrations in excess of 100 g/L). 

The initial TDS in the transport simulations were set to zero. This was due to the fact that TDS 

has not been reliably mapped in all areas of the regional model domain. RHIO has however 

recently mapped the background salinity variations spatially and with depth as part of their water 

management program and provided a dataset with interpreted TDS concentrations (referred to 

as reference or background TDS) shown in Appendix A (Figure A-6) for the SWIB area. That 

dataset is used for post-processing the computed TDS concentrations from the transport 

simulations as follows: 

To account for existing background salinity (which generally increases to the south of the 

tenement and also along vertical axis, as per Figure A-6) the computed TDS in the SWIB area 

related to SWIB injection from MT3D-USGS simulation is presented as follows: 

 Where ambient concentration is higher than computed one, the ambient concentration 

was preserved (to maintain conservatism) 

 Where computed concentration is higher than ambient, that concentration is presented  

This representation is supported by RHIO work which showed that solute breakthrough curves 

have asymptotic behaviour that is independent of the initial concentration and there is no 

cumulative effect associated with it. To demonstrate this behaviour a simple synthetic flow and 

transport model was presented by RHIO as reproduced in Figure 3-1: 
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Figure 3-1 Synthetic demonstration model configuration 

This synthetic demonstration case also assumed: 

 Single injection bore injection 100 kL/d 

 Injection concentrations variable of 10 mg/L  

 Initial concentration examined in the range between 1 to 10 mg/L 

The breakthrough curves of the transport model for two downgradient locations 50 m and 250 m 

from injection bore are shown in Figure 3-2 confirming that the TDS presentation approach to 

accounting for background TDS concentration is reasonable. 

 

 

Figure 3-2 Breakthrough curves of observation points 50 m (upper plot) and 250 m (lower plot) 

downgradient of the synthetic demonstration case 
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3.5.2 Se, Cr and nitrate 

Initial concentrations were maintained at zero mg/L due to generally low or below detection 

concentration values of background groundwater.  
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4. Predicted changes to water quality 

4.1 Selenium 

Selenium concentrations in the SWIB area are predicted to temporarily increase and form 

groundwater plumes, largely limited to the mining tenement. Se groundwater concentrations are 

predicted to promptly deplete after closure.  

The modelled Se concentrations are presented in a plume contour maps (Appendix A, Figure A-

1 and A-3) for alluvial, detrital and fractured/weathered rock aquifers (model layers 3, 6 and 8 

respectively). The contour maps are presented for years 2022 and 2031 covering the duration of 

the mining operation (Figure A-1) and for closure (Figure A-3), represented by 2034. In three 

years following the closure Se concentrations are predicted to return to their pre-mining, 

negligible concentrations Figure A-3).  

The key details of modelled evolution of Se concentrations as a result of MAR in the SWIB can 

be characterised as follows: 

 In 2022 the plume is predicted to show only minor Se concentrations in all three major 

aquifers. 

 Injection into SWIB will result in a Se plume around the SWIB with the majority of its 

footprint within the tenement, up to 8 km long and 3 km wide at the end of mining 

(primarily in fractured/weathered bedrock). Smaller plumes are predicted to develop in 

shallow aquifers (alluvials and detritals), limited to the tenement. 

 The stable character of the plume in the SWIB area will be maintained by an on-going 

dewatering during mining and the presence of depressed water level in the mining 

footprint during closure.  

 The highest Se concentrations in SWIB groundwater at the end of mining will be up to 

0.005 mg/L, and will occur only within the tenement boundary.  

 The period post closure shows a rapid dissipation of the Se plume. The plume will 

effectively disappear within three years after closure without migrating towards the 

Fortescue Marsh. 

 Se groundwater concentrations are predicted to remain below the ANZECC ecological 

trigger level of 0.011 mg/L 

4.2 Chromium 

Evolution of the modelled Cr plume is similar to that of selenium, except that the extent of the 

plume is predicted to be slightly larger due to the lower attenuation rate. The plume contour 

maps are presented for years 2022, 2031 and 2034. These results are shown in Appendix A 

(Figures A-2 and A-3). 

 The predicted plume extent in 2022 will be relatively stable along the southern boundary 

of the tenement, with largest extent at depth of injection, in fractured/weathered bedrock. 

Relatively smaller, disconnected plumes will develop in detrital and alluvials. The 

maximum Cr concentrations at that point will be 0.005 mg/L. The plumes will be stable 

within the tenement due to dewatering.  

 The predicted Cr concentrations will reach 0.01 mg/L at depth of injection around the 

injection points by the time the mining operations ceases in 2031 (below the ANZECC 

criteria). The majority of the plume will be situated within the mining area with margins of 

the plume crossing to the south, to a distance of less than 1 km from the tenement 
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boundary. Cr concentrations and plume extent will be generally smaller in the shallower 

groundwater (alluvials), with only limited occurrences of up to 0.01 mg/L. 

 After closure the plume will remain in place for a short time due to the on-going drawdown 

effect of mining. The plume will gradually shrink and will effectively disappear within 5 

years of closure. The plume will not migrate towards the Fortescue Marsh.  

4.3 Nitrate 

Nitrate transport in groundwater is considered to be conservatively modelled with minor 

consideration of nitrate reactive changes using the lower range attenuation rate values since it 

is assumed that at least partial denitrification will be supported e.g. by the presence of organic 

carbon rich shales.  

The low attenuation rate results in an extensive nitrate plume (Appendix A, Figures A-4 and A-5) 

developed around the injection mound by the end of mining, in 2031. At this stage the plume will 

be 11 km long and 7 to 8 km wide, extending up to 2 km south of the tenement boundary at 

depth of injection. In the shallow aquifers (detritals, alluvials) the plume will be less extensive 

and bound by the southern boundary of the tenement.  

The key details of modelled nitrate concentrations are in summary: 

 In 2022 a nitrate plume will develop primarily at depth of injection, reaching 

concentrations of 20 mg/Lin the area of injection. The plumes will also develop in 

shallower aquifers with smaller spatial footprint largely limited to the tenement. 

 At the end of mining in 2031 the maximum concentrations will be in the range of 20 to 50 

mg/L in all aquifers, although this range would be limited largely to the mining tenement 

and do not exceed ANZECC health or stock criteria.  

 While the majority of the plume will remain within the mining tenement due to the flow 

directions exerted by dewatering, the eastern part of the plume will cross the tenement 

approximately 2 km to the south.  

 This range of predicted concentration values is within the currently observed range of 

nitrate concentrations within the mining tenement. 

 After injection ceases in 2031 the plume will start to slowly dissipate (Appendix A, Figure 

A-5), in 2051 the plume will have sizeably contracted until it disappears after 2071. 

 The transport simulations suggest that the nitrate plume would not reach the Fortescue 

Marsh. 

4.4 Salinity (TDS) 

TDS transport simulations of the SWIB assuming injected concentration of 50 g/L are predicted 

to result in TDS enrichment in the shallow (alluvial aquifer, and partly detritals) and minor 

changes in the deeper (fractured/weathered rock) aquifer. A series of maps of TDS 

concentrations was prepared to document the results of injection for the years 2022, 2031 and 

2131 (Appendix A, Figures A-6 and A-7). 

These results indicate: 

 In 2022 the effect of injection of 50 g/L TDS will result in increased TDS, at about 20 g/L 

along parts of the southern boundary in the alluvial aquifer. Minor TDS changes will be 

observed in the detrital and fractured/weathered rock aquifers due to their higher ambient 

TDS (Appendix A, A-6). 

 TDS is predicted to further increase in the area around SWIB in the shallow aquifer and 

along the southern boundary of the tenement in the SWIB area by the end of mining in 
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2031. This trend will remain in the aquifer post closure. The TDS range will be within 30 

to 50 g/L, in alluvials and detritals, limited to the tenement area. No increase in salinity is 

predicted at depth since groundwater is already hypersaline.  

 The change in groundwater salinity in alluvials and detritals will not propagate south, the 

southern plume edge will remain 2-3 km away from the Fortescue Marsh. The ambient 

salinity near the Fortescue Marsh in all hydrostratigraphical units is far greater that the 

injected concentration. 

 The fractured/weathered rock aquifer due to its already high background salinity steeply 

increasing to the south of the tenement is likely to experience only minor and localised 

enrichment in small patches to the north of the southern boundary of the tenement by the 

end of mining in 2031. It will remain similar post closure. 

 Post closure, the TDS change in alluvials and detritals will be observable even after 100 

years with greater concentrations in the shallow aquifer although the plume is predicted to 

remain stable. It will be reducing slowly, over a long period of time by dilution from rainfall 

recharge and density driven flow towards the deeper sections of the aquifer system, 

however density driven effects were not modelled in potentially higher concentrations in 

shallow horizons. 
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5. Water quality risk assessment 

5.1 Riparian vegetation 

Injection into SWIB borefield will in result in temporary plumes of dissolved trace metals (mainly 

during mining), nitrate (up to 40 years post closure) and increased salinity of the alluvial and 

detrital aquifers.  

The increase of Cr and Se is predicted to remain below the adopted trigger level for Se (as 

considered in Section 4.1) and within the range of ambient concentrations for Cr. The ANZECC 

ecological threshold for Cr is 0.0004 mg/L but the range of detected Cr concentrations is 0.004 

to 0.025 mg/L which is above that ecological threshold. Any vegetation accessing these ambient 

concentrations would be considered resilient to higher than ANZECC ecological threshold. 

Given the relatively low and temporary increase in Se and Cr concentrations the risk associated 

with disposal of excess water via MAR with respect to Cr and Se is considered negligible, while 

also taking into account that water levels will be maintained 5 m or deeper in the area of 

injection. 

Nitrate concentrations are predicted to be within 20 mg/L to 50 mg/L within the mining tenement, 

which is within the range of the current groundwater values and therefore should not pose 

additional risk to riparian vegetation. 

Salinity is predicted to increase and remain elevated post closure within the footprint of the 

plume in the mining tenement and along its southern boundary, up to a range of 20 to 50 g/L in 

the alluvials and detritals (but negligible changes in fractured/weethered bedrock). Generally 

brackish shallow groundwater will become gradually saline over a tenement footprint of 10 to 12 

km2.  

Due to the hydrogeological regime post closure this salinity change will remain limited to the 

tenement area for at least 100 years. Depth to groundwater in these areas will be between 10 to 

20 m bgl and could only affect vegetation with rather deep root systems that does not have 

sufficient resilience to this salinity increase.  

While the modelled increase shows TDS enrichment this is considered rather conservative and 

potentially an overprediction. In reality the shallowest groundwater will be diluted by episodic 

recharge and density-driven migration of denser saline fluids to deeper section. This mechanism 

may result in development of a relatively dilute, fresher layer at the top of the saturated profile 

accessible to deep root systems. 

5.2 Fortescue Marsh 

The modelled plumes developed though MAR operation is predicted to remain generally 

spatially bound to the mining tenement with only minor extension over the tenement southern 

boundary. Modelling currently indicates that this plume is not likely to reach the Fortescue 

Marsh. It is also noted that salinity near the Fortescue Marsh is high in all hydrostratigraphic 

units and exceeds the salinity of injected excess water. 

In summary, the effects on the Fortescue Marsh from MAR at SWIB are assessed to be 

negligible with respect to Cr, Se, nitrate and TDS concentrations, both during mining and post 

closure. 
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6. Conclusions  

6.1 Key learnings 

The potential contaminants of concerns with regard to groundwater contamination include Se, 

Cr, nitrate and general salinity (as TDS). The change in groundwater concentration due to 

surplus water injection at SWIB was assessed using a numerical flow and transport model. 

While the results are reported for Cr, Se and nitrate, similar conclusions can be made for other 

solutes subject to advective-dispersive reactive flux. Modelling include a relatively conservative 

approach to reactive processes and therefore provides results which may over-predict the 

actual groundwater concentrations. 

The assessment indicates that: 

 MAR injection in the SWIB will create a mound centred along the injection bores. Bore 

injection rates will have to be optimised and monitored to keep them within the 5 m 

threshold depth to groundwater. The mound will dissipate within two to three years 

following the cessation of injection in 2031. 

 The migration of the plume southwards will be countered by an on-going dewatering 

during mining and the presence of depressed water level in the mining footprint during 

closure, leading to a relatively stable plume. The cone of depression will remain in place 

after closure due to low rates of recharge (GHD, 2018). The effect of the cone of 

depression is that it arrests or reduces migration of plumes generated by the SWIB 

injection to the south.  

 MAR injection in the SWIB will result in a relatively extensive but temporary plumes (with 

respect to Se, Cr and nitrate) around the SWIB with the majority of its footprint in the 

tenement. The extent of the plume south of the tenement boundary will be limited to a 

maximum of 1 to 1.5 km (at a depth of approximately 80 m bgl).  

 The salinity will remain increased in the shallow aquifer (alluvials and detritals) for at least 

100 years. Depth to groundwater in areas with increased TDS will be 10 to 20 m bgl 

which will be out of reach of all vegetation but that with rather deep root systems.  

 Predicted temporary increase in maximum concentrations will be in the range of 0.005 

mg/L total Se, 0.01 mg/L of total Cr and 20 to 50 mg/L of nitrate. These predicted nitrate 

concentrations estimated to occur for up to 40 years post closure are within the natural 

variations experienced for the area. The salinity increase in the shallow aquifer over a 

footprint of 10-12 km2 within the mining tenement will change the current brackish 

character of shallow groundwater. 

 The period of closure shows a gradual redistribution (homogenisation) of concentrations 

within the plumes and dissipation several years after closure for dissolved metals and 

approximately 40 years after closure for nitrate. The salinity effects of injection on the 

shallow groundwater are predicted to be longer lasting. 

 There are no indications that the Se, Cr, nitrate or salinity plumes would intersect the 

Fortescue Marsh. This is largely due to the long-lasting drawdown effect from mining 

activities preventing plume migration southward to the marsh. 

6.2 Wider monitoring and management recommendations 

Whilst the risk of impact to ecology and/or human health associated with the discharge of 

surplus water to the SWIB is considered to be low or negligible, the existing monitoring currently 

undertaken by RHIO through the vegetation condition and water management plans will help to 
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monitor the health of the identified receptors, more specifically focused on the sensitivity of 

species with deep root systems (more than 10 m) to salinity increase. 

While conservative assumptions were adopted with regards to applied attenuation rates these 

would need to be confirmed through monitoring via the existing sampling program or its 

extension. If not monitored yet a range of redox indicators should be included for the monitoring 

bores in the injection area.  

They should include Eh, total organic carbon, Fe[III]/Fe(II), Mn(II)/Mn(IV), NO3/NH4, S-2, 

Cr(III)/Cr(VI) in addition to existing collection of pH, major ions and dissolved metal samples. 

The sampling would be best achieved from monitoring bores following at least two parallel N-S 

sections across the predicted plumes. 

The sampling frequency is recommended six-monthly during the operational phase. 
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Appendix A – Solute plume plots 
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Reference (‘ambient’ TDS), Alluvials  Estimated TDS, Alluvials, Year 2022 

   
Reference (‘ambient’ TDS), Detritals Estimated TDS, Detritals, Year 2022 

   
Reference (‘ambient’ TDS), Fractured/Weathered Bedrock Estimated TDS, Fractured/Weathered Bedrock, Year 2022 

   
REFERENCE AND ESTIMATED TDS (2022)                     Figure A-6 



Estimated TDS, Alluvials, Year 2031 Estimated TDS, Alluvials, Year 2131 

   
Estimated TDS, Detritals, Year 2031 Estimated TDS, Detritals, Year 2131 

   
Estimated TDS, Fractured/Weathered Bedrock, Year 2031 Estimated TDS, Fractured/Weathered Bedrock, Year 2131 

   
ESTIMATED TDS (2031, 2131)                     Figure A-7 
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