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Greater Paraburdoo Iron Ore Hub Proposal (Assessment No. 2189) – Response to Submissions 

Attachment A – DAWE response to Response to Submission Document 

PROPOSED GREATER PARABURDOO IRON ORE HUB, PILBARA, WA (2018/8341): Comments on the Response to Submissions Document – Assessment No. 2189 

Table 1: DAWE comments on Inland Waters 

No Submitter Department’s Response Rio Tinto Response 
PART A.5: Inland Waters  
21 to 42  DWER & DMIRS  The Department has sought internal advice on the potential impacts to inland waters including 

the dewatering program and the Environmental Management Plan.  
Noted. Please refer to Table 2 below.   

PART A.8: Offsets  
45  DAWE  To compensate for the residual significant impacts of clearing of Ghost Bat, Pilbara Leaf-nosed 

Bat, Northern Quoll and Pilbara Olive Python the Department is likely to require the proponent 
to provide financial contributions to the Pilbara Environmental Offset Fund (PEOF).  
 
The funds must contribute towards an offset activity or activities that will reduce the rate of 
decline of the Ghost Bat, Pilbara Leaf-nosed Bat, Pilbara Olive Python and Northern Quoll and 
ensure that a viable population of these species remain in the Pilbara bioregion.  
 
The activities must have specified outcomes and performance indicators; timeframes and 
milestones for their achievement; sufficient monitoring to detect achievement of performance 
indicators, milestones and the outcomes; and regular reporting of the outcomes of the 
monitoring. An annual report is also likely to be required addressing the above.  
 
The Department currently applies an offset rate of $3,000 (excluding GST) per hectare (ha) of 
impact for critical/high value habitat and $1,500 (excluding GST) per ha for moderate/suitable 
habitat Ghost Bat, Pilbara Leaf-nosed Bat, Pilbara Olive Python and Northern Quoll.  
 
The Department will require contingency measures in the event the outcomes are not achieved 
via the PEOF. For example, the proponent will be required to develop and submit for approval an 
Offset Strategy to compensate for the remaining residual significant impacts of the clearing on 
the Ghost Bat, Pilbara Leaf-nosed Bat, Pilbara Olive Python and Northern Quoll.  

Noted. The Proponent acknowledges the requirement to offset significant residual impacts for 
clearing of EPBC Act listed Ghost Bat, Pilbara Leaf-nosed Bat, Northern Quoll and Pilbara Olive 
Python habitat and associated offset rates.   
 
Significant residual impacts and associated proposed offsets associated with the Proposal will be 
documented in the Proponent’s Impact Reconciliation Procedure (IRP) and provided to DAWE and 
DWER for approval.  This includes providing financial contributions to the Pilbara Environmental 
Offset Fund (PEOF) for significant residual impacts to critical / high value MNES habitats. The IRP 
also sets out the procedures for how financial contributions into the PEOF will be calculated, which 
is reported annually via the Impact Reconciliation Report (IRR).  
 
The Proponent notes that the Memorandum of Understanding (MOU) between the State of 
Western Australia and the Commonwealth of Australia in relation to the PEOF (November 2021) 
sets out the agreed arrangements and commitments by both parties in relation to administration 
and use of the Fund, including specified outcomes and performance indicators; timeframes and 
milestones for their achievement; sufficient monitoring to detect achievement of performance 
indicators; and regular reporting of the outcomes of the monitoring. The Proponent however is not 
able to ensure the outcomes of the PEOF beyond ensuring compliance with the IRP and associated 
reporting. The intent behind the MOU is to ensure outcomes are met by the PEOF as agreed 
between the State of Western Australia and the Commonwealth of Australia. 
 
The current wording of the EPBC Decision Notice conditions is drafted as an ‘either/or’, requiring 
either the submission and implementation of an Offset Strategy, or payment of offsets via a 
Conservation fund such as the WA PEOF.  Should the PEOF not achieve the required results as 
agreed in the MOU, then the Minister would need to formally advise the Proponent in writing that 
the MOU and relevant Decision Notice Conditions to use the PEOF no longer apply. An appropriate 
timeframe would be required from this notification to allow the Proponent to draft and submit an 
Offset Strategy. This process would need to allow an appropriate amount of time to reconcile the 
remaining unspent offset funds in recognition of offset funds already spent or committed via the 
IRP and WA PEOF. The WA IRP would subsequently require an amendment to remove the EPBC 
offset elements for payments into the WA PEOF.  
 

PART A.9: ENVIRONMENTAL MANAGEMENT PLAN (EMP)  
49 DAWE Please refer to Attachment B for further comments on the EMP.  

 
The Department notes in Table 1-1 there is reference to clearing of high and moderate value 
habitat for the Ghost Bat; however, for the Pilbara Leaf-nosed Bat, Northern Quoll and Olive 
Python only high value habitat is included. The table should also include moderate value habitat 
that will also be cleared. Although moderate value habitat is referenced under Terrestrial Fauna 

Noted. The Proponent has amended Table 1-1 to include reference to high and moderate value 
habitat under the specific species headings.   
 
The term ‘as triggered’ refers to monitoring or management actions which occur in the event of a 
criterion exceedance (i.e. early response, trigger or threshold criterion).  This has been included in 
the definitions table and clarified throughout the EMP including Table 2-4.     
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and Inland waters, clearing of moderate value habitat should be included under the specific species 
heading.  
 
DAWE have noted that Table A9 has been removed.  
 
Table 2-4  
The Department notes that the ‘Monitoring’ column states that inspections will be undertaken for 
Ghost Bat; however, the timing/frequency of some monitoring measures is ‘as triggered’. ‘As 
triggered’ needs to be defined.  
 
Please clarify where timing for the inspection of signage, fencing and installed lighting has been 
addressed.  
 
Section 4 – Stakeholder consultation should also include Commonwealth Department of 
Agriculture, Water and the Environment. It should be noted that the above comments may not be 
complete and further comments may be provided during the assessment phase of the proposal.  

Table 2-3 has been amended to include timing for inspection of signage and fencing (where in place) 
in the event that clearing occurs within 20m of the Mining Restriction Zones (and also within the 
Mining Exclusion Zones; Table 2-5).  Light monitoring will occur ‘as triggered’, as noted in Table 2-6.  
 
Section 4 Stakeholder Consultation has been updated to reflect engagement with DAWE.   
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Attachment B – DAWE comments on Inland Waters 

PART A.5: INLAND WATERS  

The Proponent thanks the Department of Agriculture, Water and the Environment for their review and feedback.  

Detailed responses are provided in Table 2; however, to provide a broader context for these responses, a high-level summary of the current environment and proposed approach relevant to the comments is summarised below. 

Watercourses 
Seven Mile Creek, Six Mile Creek and Pirraburdu Creek are all ephemeral waterways; this leads to a natural variation in water levels and water quality between wet and dry seasons.  Potential impacts associated with dewatering, water 
quality and surplus water discharge relevant to matters of national environmental significance (MNES) fauna (Northern Quoll, Ghost Bat, Pilbara Leaf-nosed Bat and Pilbara Olive Python) are likely to be constrained to localised impacts 
to areas of foraging habitat; that is, areas of riparian vegetation/groundwater dependant ecosystems (GDEs) associated with the ephemeral waterways.  Within the Development Envelope, the waterways have been subject to 
historical surplus water discharge and have also been modified by historical land use such as grazing, and proximity to the Paraburdoo townsite.  The majority of the riparian/GDE vegetation is generally in ‘Completely Degraded’ to 
‘Poor’ condition and having reduced or limited foraging and dispersal habitat for MNES species.  

There is no predicted direct or indirect impact to riparian habitat of Six Mile Creek.   Groundwater abstraction for below water table mining at Western Range does not occur within the vicinity of GDEs and therefore, there are no 
potential impacts predicted to flora and vegetation associated with this drawdown. 

Pirraburdu Creek is not anticipated to be impacted by groundwater abstraction for below water table mining associated with the Proposal.  Water infiltration at Pit 11W is not anticipated to move towards Gardagarli/Ratty Springs or 
significantly impact MNES habitat of Pirraburdu Creek to the east/south-east.  Surplus water discharge to Pirraburdu Creek (if undertaken) is not anticipated to have a significant impact on MNES fauna habitat.   

Dewatering associated with the Proposal may indirectly impact riparian/GDE vegetation within a limited, ‘Completely Degraded’ to ‘Poor’ condition area of Seven Mile Creek.  The potential decline in riparian/GDE vegetation health has 
been assessed and accounted for in the potential impacts presented in the ERD (Rio Tinto 2020a).   

It is not considered that these impacts, along with the amount of riparian vegetation remaining within and outside of the Development Envelope, will result in significant residual impacts to MNES fauna.  The key functioning features of 
the creek lines will be maintained (i.e. limited direct disturbance) such that the physical substrate and flow paths will be maintained to support a functioning ecosystem to support MNES.  Whilst the currently degraded riparian habitat 
of Seven Mile Creek may be indirectly impacted by groundwater drawdown, the ephemeral creek lines will still receive stream flows and continue to function following rainfall events.   

Pools 
There are two categories of pools identified within the Development Envelope, including: 

• Ephemeral surface water fed gorge pools – occur high in the landscape in Gorge/Gully habitat and are not linked to groundwater systems or riparian vegetation.  These pools are highly influenced by seasonal drivers. There are 
three potentially persistent pools surface water fed pools at Western Range.   

• Groundwater fed pools – occur lower in the landscape and upstream of potential impacts associated with the Proposal. There are two key groundwater fed pools; Gardagarli (Ratty Springs) and Gurungu (Doggers Gorge).   

Ephemeral surface water fed gorge pools at Western Range and Eastern Range will be affected by varying degrees by reduced inflows and sedimentation as a result of changes to landforms and surface water catchments.  However, 
the three surface water fed gorge pools that currently hold persistent water are predicted to retain persistent water post mining.   

No impacts are predicted to groundwater fed Gardagarli (Ratty Springs) and Gurungu (Doggers Gorge), as a result of the Proposal.   

Management Approach 
Significant MNES habitats comprising Gorge/Gully, Breakaways and Riverine systems within and immediately outside the Development Envelope (including groundwater fed pools Ratty Springs and Doggers Gorge and their associated 
riparian vegetation) are identified as the key environmental values to be prioritised for monitoring and management to ensure high value fauna habitats remain within the local area and the EPA Inland Waters objective is met.  The 
main management approach to protect Gorge/Gully habitats is avoidance of the higher value features of these habitats for example where these habitats contain associated persistent surface water fed pools. 

No impacts are predicted to groundwater fed Gardagarli (Ratty Springs) and Gurungu (Doggers Gorge), as a result of the Proposal.  However, as these are significant habitat features for MNES, provisions have been included in the EMP 
(Rio Tinto 2021a) to confirm and validate that groundwater abstraction from mine pits associated with the Proposal does not impact these habitats (since impact to these groundwater fed pools are not predicted to occur).  

To ensure no significant impacts occur to higher value MNES fauna habitat features, the Proponent has committed to a rigorous monitoring program of the key persistent surface water fed gorge pools for water quality and surface 
water levels, groundwater monitoring for level and water quality, and riparian vegetation monitoring (Table 2-6 and Table 2-7 of the EMP).  Monitoring is focussed on the most significant pools which are likely to provide higher value 
habitat for MNES species at Western Range due to the persistence of water in these pools.   

The Proponent has implemented an adaptive management process within the EMP framework (Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological regime are met. 
Should updates to groundwater models require changes to the management actions for Inland Waters (which also consider potential impacts to MNES) as detailed in the EMP, the Proponent will update the EMP in consultation with 
regulators, as appropriate.   
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Table 2: DAWE comments on Inland Waters 

Comments Rio Tinto Response 
Modelling for the dewatering program 
1. The various models relating to the proposed dewatering program for 4EE and Western Range have limited site-specific data in all areas of the proposed development, which has resulted in uncertainty of the model predictions. 

The uncertainty of some models has not been adequately analysed. In particular; 
a) The groundwater modelling for the dewatering of 

4EE has been classified as a Class 2 confidence 
level, due to a lack of available data (Rio Tinto 
2019a, p. 26). Measurements of groundwater 
levels in the Fractured Wittenoom Aquifer are only 
available from the second half of 2017, and as 
streamflow is not gauged in Seven Mile Creek 
(SMC), estimates of flowrate were made for 
inclusion in the model (Rio Tinto 2019a, p. 26). 
Additionally, the proponent notes that there is 
limited hydrogeological conceptualisation in the 
area near the tailing’s facility (Rio Tinto 2019a, p. 
27). 

 

i. Continued monitoring of groundwater levels in the 
Fractured Wittenoom Aquifer, commencing 
streamflow gauging in SMC and further work on 
characterising the tailings facility area would allow 
increased confidence in model predictions. 

 

Noted. The Proponent is proposing to collect additional data including groundwater levels in the Fractured 
Wittenoom Aquifer and improve surface water flow estimates in Seven Mile Creek (SMC).  Additional work to 
characterise the Tailing Storage Facility (TSF) area has commenced including installation of two environmental 
monitoring bores to further characterise and validate model predictions.  Further data will contribute to model 
updates and improved calibration.   
 
The Proponent acknowledges the current intermittent sampling of surface water levels.  The frequency of 
surface water monitoring is constrained by the ephemeral nature of Pilbara waterways which leads to the 
variation between wet and dry seasons.       
 
Where there is uncertainty in the groundwater levels, i.e the Wittenoom Formation where groundwater level 
observations are limited, multiple scenarios with a range of hydraulic parameters were modelled to be 
conservative.  The Proponent conceptualises and re-calibrates groundwater models annually or as required.   
 
Further, the Proponent has implemented an adaptive management process within the EMP framework 
(Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological 
regime are met.  Should updates to groundwater models require changes to the management actions for 
Inland Waters (which also consider potential impacts to MNES) as detailed in the EMP, the Proponent will 
update the EMP in consultation with regulators, as appropriate.   
 

ii. Simulated compared to the observed hydrographs for 
MB134EMX002 - FRA/MIN BRK and VWP114EMX04D - 
FRA/MIN BRK aquifer indicate approximately 20 and 35 
m underprediction for gw10 and gw11 calibration 
approaches respectively (Rio Tinto 2019a, Figure B2). 
The proponent should calculate the scaled root mean 
squared error (SRMS). 

 

The Proponent acknowledges some underprediction in the referenced observation bores existed in the 2018 
model.  This was largely considered to be due to the complexity of the geology and the large unknowns (faults, 
dykes, recharge etc.), and based on the dataset available at the time.   
 
An average SRMS of ~20% was achieved for the calibration data.  The Proponent acknowledges that the SRMS 
is higher than industry standard ranges.  However, given the complexity of the hydrogeological setting and 
known data gaps associated with stream flow and associated recharge from SMC, the high SRMS is not 
expected to underestimate the predicted impact to MNES.  Furthermore, the model honours key 
hydrogeological concepts regarding impermeable the Fortescue Group and Mount McRae shale which controls 
the extent of drawdown to the north and poor SRMS is not likely to influence anticipated impacts.  The 
Proponent conceptualises and re-calibrates groundwater models annually or as required.   
 
The Proponent has now developed a revised model incorporating additional geological and hydrogeological 
data collected since 2018.  The revised model has SRMS values of ~2% for abstraction from the Brockman 
Aquifer.   Further model development is underway to address potential variations in hydraulic parameters and 
to investigate how water levels are affected by the lateral link with the Wittenoom Formation along SMC. The 
outcomes of the updated Wittenoom model will be used in compiling H3 Hydrogeological Assessment reports 
for submission of the Groundwater Operating Strategy to the DWER in accordance with DWER 2009 
(Operational policy no. 5.12 – Hydrogeological reporting associated with a groundwater well licence) as part of 
the groundwater licence application for the Proposal.  Licencing is managed under the WA Rights in Water and 
Irrigation Act 1914 (RiWI Act).  The H3 report is required to support a licence application under the RiWI Act 
and requires a detailed hydrogeological assessment, including drilling, test pumping and a groundwater model 
and an assessment whether the proposed taking of the water is ecologically sustainable and environmentally 
acceptable.  
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Comments Rio Tinto Response 
The current modelling is conservative, includes worst case scenario and does not predict drawdown to extend 
beyond the Development Envelope (a 1.5km section of SMC is modelled to be exposed to drawdown north of 
the Mt McRae Shale barrier and within the Development Envelope).  The area of potential impact has been 
subject to historical surplus water discharge and has also been modified by historical land use such as grazing, 
and proximity to the Paraburdoo townsite.  The current condition of riparian/GDE vegetation in this section of 
SMC is in Completely Degraded to Poor condition due to direct disturbance from existing mining operations, 
presence of weeds and vegetation augmentation as a result of surplus water discharge.  The potential decline 
in riparian/GDE vegetation health has been assessed and accounted for in the potential impacts presented in 
the ERD (Rio Tinto 2020a) including predicted indirect impacts to riparian/GDE vegetation in an approximate 2 
km section of Seven Mile Creek.  Further refinement in modelling is considered unlikely to significantly increase 
the extent of predicted impact to groundwater or to MNES habitat.     
 

b) The proponent has developed a groundwater 
analytical model for the Western Range to 
determine the required groundwater abstraction 
rate to achieve below water table mining and to 
assess the potential extent of drawdown (Rio 
Tinto 2018). 

 

i. The proponent does not appear to have provided 
hydrographs for observed vs predicted groundwater 
levels in the Western Range. Further, an uncertainty 
analysis does not appear to be provided. The 
Department considers that the proponent should 
undertake an uncertainty analysis to reduce risks in 
underpredicting results (e.g. using Middlemis and 
Peeters 2018). 

Noted.  The analytical model developed for Western Range utilised available static water levels; however, no 
transient data or abstraction data existed at the time of development to allow further calibration.  As such, 
detailed hydrographs were not able to be developed.   
 
Aquifer extents were defined based on geology (including from available drilling data), hydrogeology, spatial 
groundwater level variation and the Proponent’s knowledge of the Pilbara aquifers from other operations.  
Conservative hydraulic values were used to assess drawdown extent and abstraction volume generating 
surplus water.  The Proponent conceptualises and re-calibrates groundwater models annually or as required.  
Given conservative values were used, the assessment provides the potential maximum groundwater 
drawdown extent and dewatering volumes.  The potential maximum impact has therefore been considered,  
noting that <1% of the deposit occurs below the water table).  The Proponent will undertake uncertainty 
analysis as further data becomes available and commensurate with the level of risk to environmental receptors 
at Western Range.   
 
The depth of drawdown required to achieve below water table mining at 36W and 66W is 30 m and 15 m 
respectively, the lateral extent of the cone of depression will be limited.  Groundwater at Western Range is not 
linked to gorge pools and is hydraulically disconnected from groundwater fed pools (Gardagarli (Ratty Springs)).  
Furthermore, the standing groundwater level at Western Range is relatively deep at approximately 320 metres 
relative level (mRL) (approximately 40 metres below ground level (mbgl)), compared to the nearest sensitive 
receptor at Ratty Springs at approximately 360 mRL.  Dewatering at Western Range pits will not impact surface 
water fed gorge pools and is not expected to have any interaction with other sensitive receptors at ground 
level.  
 
Further, the Proponent has implemented an adaptive management process within the EMP framework 
(Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological 
regime are met. Should updates to groundwater models require changes to the management actions for Inland 
Waters (which also consider potential impacts to MNES) as detailed in the EMP, the Proponent will update the 
EMP in consultation with regulators, as appropriate.   
 

c) 2D Modelling of SMC was undertaken by the 
proponent to estimate the extent of drawdown in 
the shallow alluvial aquifer due to dewatering 
4EE. The simulations showed that the creek would 
become disconnected from the aquifer due to 
decreased water levels in the Wittenoom 
Formation, and that the drawdown propagation in 

i. The Department notes that the hydraulic properties 
used in the modelling of SMC do not appear to be 
based on site-specific data. All parameters used in this 
modelling (Rio Tinto 2020a, Tab. 2, p. 5) were taken 
from the HYDRUS (2D/3D) Soil Catalogue. The 
proponent should validate this data either by 

Noted.  
 
The Proponent conducts environmental impact assessments by considering a range of potential scenarios and 
impacts.  To maintain flexibility for proposals and to minimise changes to proposals following any approval 
granted, the Proponent may seek approval for the maximum likely potential impact. 
 
The two-dimensional modelling to examine propagation of drawdown along SMC was conducted with 
conservative input values in order to assess the maximum likely extent of drawdown.  The modelling presented 
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Comments Rio Tinto Response 
the aquifer would extend a few hundred metres 
upstream of the dewatered formation (Rio Tinto 
2020a, p. 12). However, the proponent notes that 
the simulations were idealised as it assumed 
homogenous hydraulic properties in each 
formation, and that the exact level of connection 
with adjacent formations is currently unknown 
(Rio Tinto 2020a, pp. 5, 12). 

pumping tests or laboratory measurements or a 
combination of these two methods. 

in the ERD, therefore, provides the maximum predicted extent of drawdown along SMC (potentially affecting 
a 1.5km section) and hence the maximum potential impact to MNES along SMC. 
 
Once abstraction from the Wittenoom formation commences, assessment of water levels within SMC will be 
undertaken to test the hydrogeological conceptualisation (similar to a long-term pumping test) and data will 
be used to update the model.  As the current modelling is conservative, it is not expected that these additional 
data will indicate impacts to groundwater and MNES beyond those presented in the ERD. 
 

ii. The data used in the modelling contradicts previous 
descriptions of formations. For example, porosity is 
assumed to be 0.35 for WF-MMIF formations (which is 
a relatively high porosity) while Table 1 (Rio Tinto 
2020a, p. 2) describes the MMIF formation with low 
storage (and hence low porosity). 

The Proponent acknowledges that the value of porosity used in the modelling was relatively high.  However, 
sensitivity analysis shows the value used for porosity isn’t the primary input that determines the outcome of 
the simulations. The values of alpha and pore-size distribution (n), which were assigned varying values to 
encompass a range of soil characteristics, were the primary parameter values defining the value of specific 
yield and saturated hydraulic conductivity (please see Table 1).  For this reason, the Proponent considers the 
data values used to be appropriate for the purpose of environmental impact assessment.   
 
The current modelling is conservative, includes worst case scenario and does not predict drawdown to extend 
beyond the Development Envelope (a 1.5km section of SMC is modelled to be exposed to drawdown and within 
the Development Envelope).  The area of potential impact has been subject to historical surplus water 
discharge and has also been modified by historical land use such as grazing, and proximity to the Paraburdoo 
townsite.  The condition of riparian/GDE vegetation in this section of SMC is in Completely Degraded to Poor 
condition due to direct disturbance from existing mining operations, presence of weeds and vegetation 
augmentation as a result of surplus water discharge.  The potential decline in riparian vegetation health has 
been assessed and accounted for in the potential impacts presented in the ERD (Rio Tinto 2020a).  Further 
refinement in modelling is considered unlikely to significantly increase the extent of predicted impact.   
 
However, the Proponent is currently developing a three-dimensional model to address potential variations in 
hydraulic parameters and to investigate how water levels are affected by the lateral link with the Wittenoom 
Formation along SMC.  The outcomes will be used to refine the model.   
 

iii. There have been numerous studies on the 
relationship between permeability and pore size 
distribution in porous media which show a correlation 
between these parameters (e.g. Marshal 1958, Arya 
et al. 2003, Tian et al. 2017). The Department is 
concerned that the values for saturated hydraulic 
conductivity (Ks) and pore-size distribution (n) used in 
the proponent’s model do not appear to show any 
relationship with each other. Considering this 
discrepancy, the proponent should clarify why they 
chose these values for Ks and n in the different 
scenarios modelled (Table 2, Rio Tinto 2020a, p. 5). 

Noted.  The Proponent acknowledges that there is limited relationship between the Ks values and the pore-
size distributions (n) employed in the simulations.  The range of values modelled were chosen specifically to 
explore the impact of a wide range of soil hydraulic characteristics on dewatering propagation along the SMC 
aquifer.   
 
The current modelling is conservative, includes worst case scenario and does not predict drawdown to extend 
beyond the Development Envelope (a 1.5km section of SMC is modelled to be exposed to drawdown 
and within the Development Envelope).  The area of potential impact is already of reduced MNES value 
comprising Completely Degraded to Poor condition vegetation than surrounding areas outside of 
predicted impact.  The potential decline in riparian vegetation health has been assessed and accounted for in 
the potential impacts presented in the ERD (Rio Tinto 2020a).  Further refinement in modelling is considered 
unlikely to significantly increase the extent of predicted impact.   
 
 

https://www.semanticscholar.org/author/L.-Arya/6137964
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2. While the majority of the water extracted from Paraburdoo and Western Range are proposed to be used within the mine for mine operations, the proponent states that the surplus will be discharged to Pirraburdu Creek (up 
to 1.7 GL/a and up to 25 ML/d during times of low demand) and SMC (up to 0.8 GL/a), as well as to unused pits (Rio Tinto 2020b, p. 228). 

a) The proponent has indicated that the extent of discharge will remain in the development envelope under natural 
no flow/dry conditions (Rio Tinto 2019b, p. 48). The proponent estimated the discharge rates by interpolated 
model flow rates, however, the table of data related to this has not been provided (i.e. Table 1 in the Western 
Range and 4 East Extension PFS Surface Water Management Report (Rio Tinto 2019b). 

The Proponent has undertaken 2D modelling that has verified that discharge extents, based on adopted 
discharge rates of 1.7 GL/a for Pirraburdu Creek and 0.8 GL/a for SMC, would remain within the Development 
Envelope.  Table 1 outlining model flow rates and potential discharge extent within SMC and Pirraburdu Creek 
is provided below: 

Table 1 - Previous Modelled Discharge Extents 

Flow Rate 
(GL/year) 

Seven Mile Creek 
Discharge Extents (km) 

(discharge point ~1.4 km 
from Tenure Boundary) 

Pirraburdu Creek 
Discharge Extents (km) 

(discharge point ~3.1 km 
from Tenure Boundary) 

1 1.8 2.2 

2 2.2 4.6 

3 3.8 6.6 

6 9.5 14.2 

9.1 13.1 15.5 

 
 

b) The Department notes that the Paraburdoo Water 
Storage/Infiltration Assessment (SRK 2018a) for 
pits 14W, 11W and 23E comprises a conceptual 
infiltration/flow path assessment rather than an 
analytical assessment. Hydraulic conductivity 
values were known for only two of the geological 
formations relevant to the Assessment, therefore, 
assumed values were used for water balance 
modelling. In addition, the hydraulic properties 
and roles of other features have been assumed in 
the Assessment. For example, the hydraulic 
properties of the major fault in Pit 14W are 
unknown (SRK 2018a, p. 6). 

i. Further characterisation of the area and an analytical 
assessment of the storage capacity of these pits 
would enable greater confidence in the predicted 
impacts on groundwater. 

 

Noted.  A high level assessment considering geology and infiltration rate ranges was undertaken to assess the 
viability of various pits for water storage (SRK 2018a). Prior to implementing in-pit disposal of surplus water 
the Proponent will undertake an analytical assessment to further characterise the geology and storage capacity 
of the pits to ensure discharge has no detrimental impact on the underlying aquifer.  
 
It should be noted that pit 14W has been removed from the Proposal and disposal is not proposed at 23E.   
 
The Paraburdoo Water Storage/Infiltration Assessment (SRK 2018a) identified groundwater to be 
approximately 20m below Pit 11W.  The main seepage flow is expected to occur within the Brockman Iron 
Formation (saturated K of 0.1-1 m/d) towards the south-east; the Brockman Iron Formation is underlain and 
bound by the low permeability aquitard unit of the Mt McRae Shale (saturated K of 0.001 m/d) which will limit 
groundwater flow to the north from mounding.  The low permeability Whaleback Shale (within the Brockman 
Iron Formation) will potentially reduce the risk of groundwater expression from pit 11W in surface drainage 
lines to the south.  As a result, water infiltration at pit 11W is not anticipated to move towards the persistent 
groundwater-fed pools and high value MNES habitat of Gardagarli/Ratty Springs to the north, or significantly 
impact MNES habitat of Pirraburdu Creek to the east/south-east.   
 
Given the proposed water storage/infiltration is unlikely to impact MNES or MNES habitat, the conceptual 
assessment is considered sufficient for the purposes of assessment of potential impacts to MNES. 
 
Further, the Proponent has implemented an adaptive management process within the EMP framework 
(Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological 
regime are met. Should updates to modelled storage capacity of pits require changes to the management 
actions for Inland Waters (which also consider potential impacts to MNES) as detailed in the EMP, the 
Proponent will update the EMP in consultation with regulators, as appropriate.   
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3. Surface water modelling has been undertaken by the proponent in relation to Western Range, Paraburdoo and Eastern Range. 
a) While a summary of the rainfall-runoff modelling 

has been provided in the Western Range & 4 East 
Extension PFS Surface Water Management Report 
(Rio Tinto 2019b, pp. 25-36), a full report of this 
modelling has not been provided. For instance, a 
description of the boundary conditions has been 
provided, whereas uncertainty and sensitivity 
analyses have not been included. This information 
should be provided to demonstrate the adequacy 
of the modelling. 

i. Justification for only using short duration rainfall 
events of up to 1440 minutes in this model is needed, 
especially considering the measured changes in 
rainfall frequency, duration and intensity in north 
west Australia (refer to Paragraph 4b). 

The Proponent has provided the updated Western Range Feasibility Study Hydrology and Hydraulics 
Investigation (Rio Tinto 2021b), which details in full the modelling completed. The report is provided as 
Attachment 1.  
 
The 10% AEP 1440-minute duration event was chosen to provide a conceptual level of flood risk using the 2D 
model (TUFLOW).  This event was considered relevant to highlight surface water risks at the prefeasibility level 
of the study.  More detailed modelling has considered a replication of past rainfall events and climatic factors; 
all AEP scenarios have subsequently been modelled as part of the feasibility study and the results of further 
modelling have been incorporated into updated assessments.  The updated modelling completed is 
documented Western Range Feasibility Study Hydrology and Hydraulics Investigation (Rio Tinto 2021b, 
Attachment 1).    
 

b) The proponent states that a 2D hydraulic model 
was used to determine the maximum flow rate for 
surplus water discharge in Paraburdoo and 
Western Range (refer to Paragraph 2a) (Rio Tinto 
2019b, p. 47). However, a full report on this 
modelling has not been provided. 

i. The proponent should provide a full report on the 2D 
hydraulic model so that the model can be reviewed. 

Noted.  The Western Range/4EE PFS Study and Part IV Submission Hydrology and Hydraulics Report (Rio Tinto 
2019a) and the updated Western Range Feasibility Study Hydrology and Hydraulics Investigation (Rio Tinto 
2021b) reports outline the modelling undertaken to determine the maximum flow rate for surplus discharge. 
 
Four flow rates (1, 2, 3 and 6 GL/yr) were modelled from two different discharge locations to estimate a range 
of discharge extent distances within the creeks. An objective of the modelling was to estimate the volume of 
water (and resultant flow rates) that could be discharged whilst ensuring the surplus water discharge extent 
remains within the Development Envelope. Through interpolation of the modelled results from the 1GL/yr and 
2GL/yr flow rates, the maximum discharge rates that would ensure the discharge extent remains within the 
Development Envelope were: 

• 1.7 GL/yr into Pirraburdu Creek; and 
• 0.8 GL/yr into Seven Mile Creek. 

 
A field trial of different discharge rates was undertaken at Joes South during the Pilbara dry-season November 
and December 2019 (Rio Tinto 2021).  The results of the trials were applied to modelling of wetted front extent 
and extrapolated for all three potential discharge point locations.  This included revision of the model to reflect 
observed channel losses and onsite infiltration rates derived from field measurements collected during field 
trials. The field trials and updated modelling indicated the maximum discharge rates that would ensure the 
discharge extent remains within the Development Envelope were: 

• ~7.0 GL/yr into Seven Mile Creek (Joe’s South);  
• ~21.5 GL/yr into Seven Mile Creek (Paraburdoo plant); and 
• ~15.5 GL/yr into Pirraburdu Creek. 

 
The updated model and field trials demonstrate that the proposed maximum potential discharge extent 
remains within the Development Envelope (Rio Tinto 2021b). 
 
The area of SMC potential exposed to surplus discharge is anticipated to be less than 2.5 km (of which only a 
portion supports riparian/GDE vegetation) and has been subject to historical impacts including grazing, 
historical surplus water discharge and proximity to the Paraburdoo townsite.  The condition of riparian/GDE 
vegetation in these areas is currently in Completely Degraded to Poor condition due to direct disturbance from 
existing mining operations, presence of weeds and vegetation augmentation.  The potential decline in riparian 
vegetation health has been assessed and accounted for in the potential impacts presented in the ERD (Rio Tinto 
2020a).  Further refinement in modelling is considered unlikely to significantly increase the extent of predicted 
impact.   
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4. Impacts of climate change on rainfall and evaporation have been considered in the models to various extents. 
a) In the 4EE Pit Water Quality Modelling undertaken by SRK in 2018, one climate change scenario has been 

considered. The Department commends the use of RCP 8.5 (a business-as-usual scenario) projections to obtain 
monthly average evaporation data. This indicated lower levels of evaporation than historical values but similar 
rainfall amounts (SRK 2018b, pp. 2, 3). 

Noted.   

b) The Department notes that rainfall data for 
Paraburdoo has been collected over 43 years (Rio 
Tinto 2019b, p. 11) in addition to the gridded data 
available from the Bureau of Meteorology. The 
annual rainfall data (from October to September) 
provided (Rio Tinto 2019b, p. 13) suggests that the 
total rainfall in the area might have increased over 
recent years. This trend is consistent with rainfall 
data presented in the State of the Climate 2020 
report (CSIRO and BOM 2020). However, in the 
discussion on climate change in the Surface Water 
Management Report (Section 7.2), the proponent 
refers to research from 2012 which indicates a 
decrease in rainfall in the Pilbara region (Rio Tinto 
2019b, p. 15). 

i. It is not clear in Section 7.2, nor elsewhere in the 
Surface Water Management Report, whether the 
proponent has included any scenarios of increased 
rainfall in the surface water modelling carried out as 
part of this report. 

Noted. The Proponent has not included increased rainfall scenarios in the surface water modelling reported in 
Rio Tinto (2019d); modelling has considered a replication of past rainfall events and climatic factors to inform 
future predictions.  The Proponent notes that there is limited data available for the Pilbara region to inform 
increased rainfall scenarios. 
 
Increased rainfall may result in surface water systems having periodically increased flow.  Data from SMC 
associated with existing dewatering of pit 4EE indicates significant flow events continue to periodically recharge 
the alluvial aquifer and vadose zone that has been demonstrated to support the existing riparian vegetation in 
SMC.  Therefore, it is anticipated that an increase in rainfall will not have a significant adverse impact on MNES 
habitat within these systems.   
 
Notwithstanding, as surface water models are reviewed regularly, the Proponent will include increased rainfall 
scenarios at the time of the next review.    
 

ii. The Department considers that reviewing more recent 
research on rainfall events in Australia would provide 
more likely projections of future precipitation changes 
in the area. For example, recent research by Dey 
(2020), found that there has been an increase in the 
frequency of rainfall events of up to 6 days in 
duration, as well as an increase in intensity of rainfall 
events (of all durations) in north west Australia since 
the beginning of the 20th century. These findings 
suggest that including rainfall events of increased 
frequency and intensity in rainfall-runoff models may 
improve the certainty of model output. 

Noted.  The Proponent will include increased frequency and intensity in future rainfall-runoff modelling.  
However, due to the constrained Proposal/impact footprint, it is not anticipated that updated modelling 
including increased rainfall frequency and intensity will have a material impact on predicted impacts to MNES.   
 
 
 

c) Changing rainfall patterns due to climate change have not been considered in any groundwater modelling 
provided. The proponent should consider the effect of changes in the frequency and intensity of rainfall events on 
groundwater recharge. 

The Proponent has not included increased rainfall scenarios in the groundwater modelling provided; modelling 
has considered a replication of past rainfall events and climatic factors to inform future predictions.  The 
Proponent notes that there is limited data available for the Pilbara region to inform increased rainfall scenarios. 
 
Increased rainfall may result in surface water systems having periodically increased flow.  Data from SMC 
associated with existing dewatering of pit 4EE indicates significant flow events continue to periodically recharge 
the alluvial aquifer and vadose zone that has been demonstrated to support the existing riparian vegetation in 
SMC.  Therefore, it is anticipated that an increase in rainfall will not have a significant adverse impact on MNES 
habitat within these systems.   
 
The Proponent conceptualises and re-calibrates groundwater models annually or as required.  Results of 
updated groundwater modelling will be used to inform adaptive management processes.   
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Impacts to Inland Waters: 
5. The proponent has identified 50 pools situated in gorges along the Western Range and 16 in the Eastern Range, most of which are ephemeral, but ten of which are likely to be permanent or semi-permanent (Rio Tinto 

2019d, p. 12; Rio Tinto 2019e, p.17). The proponent has described these pools, especially the more persistent, as having moderate ecological value (Rio Tinto 2020c, p. 6). Of these pools, 13 will be directly impacted by 
mining operations and 35 (including seven permanent or semi-permanent pools) will have their catchment size reduced (Rio Tinto 2019d, pp 48-50; Rio Tinto 2019e, p. 17). This may cause these pools to become ephemeral, 
and for already ephemeral pools to dry up faster. 

a) The Department considers that the value of these permanent or semi-permanent pools has possibly been 
underassessed, given that the water quality in these pools is much higher than in the surrounding waterways (Rio 
Tinto 2019c, p. 2) and that many appear from the plates provided to be in generally good condition (e.g. unaffected 
by cattle) (Rio Tinto 2019d, App. E, pp. 51-60). In the arid Pilbara environment, these pools are likely to provide 
habitat and drinking water for many species, including EPBC listed species. The Department further notes that 
escarpments, gorges and water holes are the favoured habitat for the Pilbara Olive Python (TSSC 2008), and these 
pools likely represent good or very good habitat for this species. The proponent has also noted that the Pilbara 
Leaf-nosed Bat, Ghost Bat and Northern Quoll have been observed using this habitat in the development envelope 
(Tio Tinto 2020b, p. 118). 

Noted.  
 
The Proponent acknowledges that permanent or persistent waterbodies in the Pilbara landscape support 
higher value habitat for fauna species.  The Proponent has amended the EMP and ERD to reflect that key 
(persistent) surface water fed pools at Western Range provide moderate to high value habitat for Pilbara Olive 
Python.  The EMP has allowed for criteria and supporting mechanisms to manage these habitats, including 
development of management criteria once sufficient baseline data has been collected in accordance with the 
adaptive management process. 
 
Changes were made to the Proposal during the initial design stages to reduce the potential direct and indirect 
impacts to surface water fed gorge pools.  The Proponent has made additional substantial design changes to 
incorporate feedback from stakeholders following publication of the ERD, ongoing stakeholder engagement 
and receipt of submissions.  Changes have been made to reduce direct and indirect impacts to surface water 
fed gorge pools, including: 

• Changing pit and access ramp design to avoid direct impacts to significant gorges and rock pools; 
• Altering pit crests to reduce potential sediment runoff into gorges and rock pools; and 
• Relocating waste rock dumps to reduce direct impacts and potential sediment runoff to gorges and 

rock pools.     
 
In order to assess potential impacts to the hydrological regime of surface water fed gorge pools at Western 
Range, a simple daily rainfall runoff model was developed.  This model was based on a daily rainfall timeseries 
and runoff generation determined through the application of initial loss (IL) for rainfall events, continuing loss 
(CL) and a runoff coefficient (RoC).  Daily rainfall was applied to the contributing catchments, losses (IL and CL) 
subtracted and excess rainfall converted to runoff.  The rainfall runoff water balance was then used to assess 
the potential changes in the frequency of filling, persistence of water and changes in volume based on reduced 
upstream surface water catchments due to mining activities. The assessment focused on surface fed pools 
determined to be more persistent in the landscape and hence with higher ecological value.  Observations 
recorded for each gorge pool (ephemeral and persistent) (from site visits between 2018 and 2020) were used 
to inform modelling parameters and validate modelling results.  
 
Modelling results indicated that, as surface water fed gorge pools are relatively small, they do not require the 
full catchment to remain intact in order to fill.  Reduced catchments will reduce the frequency with which the 
pools receive replenishing runoff; however, based on modelling data, they are still expected to receive enough 
run-off for pools to remain persistent.  Even for instances where up to 87% of the contributing catchment had 
been removed, the modelling predicted negligible changes in pool wetting and drying cycles, or daily water 
levels.  Modelling of pool WR01-W06 showed that, where 98% of the contributing catchment is removed1, pool 
water levels were reduced; however, the pool continued to retain water throughout the year) just at a reduced 
capacity compared to pre-mining conditions.  This confirmed that as the surface water fed gorge pools are 
relatively small, they do not require the whole upstream catchment to be maintained and instead rely on the 
runoff from localised catchments for replenishment.  All three surface water gorge pools that currently hold 
persistent water are predicted to retain persistent water post mining.   
 
Ephemeral surface water fed gorge pools at Western Range and Eastern Range will be affected by varying 
degrees by reduced inflows and sedimentation as a result of changes to landforms and surface water 

 
1 36W pit design was subsequently modified and now potentially impacts 88% of the WR01-W06 catchment (reduced from modelled 98%) 
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catchments. However, to ensure no significant impacts occur to higher value MNES fauna habitat features, the 
Proponent has committed to a rigorous monitoring program of the key persistent surface water fed gorge pools 
for water quality and surface water levels, groundwater monitoring for level and water quality, and riparian 
vegetation monitoring (Table 2-6 and Table 2-7 of the EMP).  Monitoring is focussed on the most significant 
pools which are likely to provide higher value habitat for MNES species at Western Range due to the persistence 
of water in these pools.   
 
Significant habitats within and immediately outside the Development Envelope (Ratty Springs and Doggers 
Gorge groundwater fed pools) and their associated riparian vegetation are identified as the key environmental 
values to be prioritised for monitoring and management to ensure high value fauna habitats remain within the 
local area and the EPA Inland Waters objective is met.  No impacts are predicted to groundwater fed Gardagarli 
(Ratty Springs) and Gurungu (Doggers Gorge), as a result of the Proposal.  However, as these are significant 
habitat features for MNES, provisions have been included in the EMP (Rio Tinto 2021a) to confirm that 
groundwater abstraction from mine pits associated with the Proposal does not impact these habitats (that is 
not predicted to occur). 
 
Supporting monitoring parameters (EMP Table 2-6) have been established to inform trigger and threshold 
monitoring for the identified environmental value indicators for which criteria has been established; that is to 
inform of seasonal/temporal trends.  Supporting monitoring parameters are proposed given limited long term 
baseline data is available.   
 
The Proponent has implemented an adaptive management process within the EMP framework (Appendix 1) 
(as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological regime and 
water quality are met.  Should data collected change criteria or management for the Inland Waters EPA 
objective (thus also considering MNES fauna provisions) the Proponent will update the EMP accordingly, as 
appropriate.  This will include consideration of potential management criteria for surface water fed pools once 
sufficient baseline data becomes available.   
 

b) The proponent has conducted an analysis of the 
water quality in six of these pools (Rio Tinto 
2019d, pp. 13-14). The results are presented in a 
piper plot (Figure 4, Rio Tinto 2019d, p. 14) which 
shows that water from pools in the same gorges 
have similar chemical compositions and are, 
therefore, likely from the same source. However, 
chemical profiles are not consistent between 
gorges, with the separation being obvious (water 
from Gorge 3, for example, has far more Cl and 
SO4 than water from Gorge 7). The proponent has 
asserted that this analysis suggests that the water 
in the pools is locally derived rainfall and not aged 
groundwater (Rio Tinto 2019d, p. 15). 

i. However, the Department notes that this conclusion 
does not appear consistent with the results 
presented, with the distinct chemical compositions 
suggesting that the water could be derived from 
different sources. The proponent should undertake 
chemical analyses of groundwater and surface water 
runoff adjacent to all permanent and semi-permanent 
pools, and compare these with the profiles from the 
pools to confirm their assertion that these pools are 
not groundwater fed. 

The Proponent acknowledges the slight differences in chemical profiles between surface water pools and 
gorges.   
 
Differences in chemical profiles between gorges may be explained by a number of factors including: 

• differences in localised geologies between (and within) gorges (Rio Tinto 2019g); 
• differences in the size of gorges and associated local catchments (Rio Tinto 2019e). 

These factors, in combination with evapoconcentration, are likely to result in differences observed between 
surface water fed pool quality between pools and gorges.  It is also noted that water quality samples referred 
to in Rio Tinto (2019f) were collected in different gorges at different times of the year.   
 
The standing groundwater level to the south of the Marra Mamba Iron formation at Western Range is relatively 
deep at approximately 320 mRL (approximately 40 mbgl) (Figure 8.5 of ERD).  The three persistent pools at 
Western Range are at elevations of WR01-W01 – >400mRL; WR01-03 – >390mRL; and WR01-06 – >400mRL 
(note: the lowest pools are WR-W05 and WR-W02 at 362 and 369mRL respectively).  With a difference of up 
to 80m it is highly unlikely that the three persistent pools at Western Range have any influence from 
groundwater.   
 
The depth of drawdown required to achieve below water table mining at 36W and 66W is 30 m and 15 m 
respectively; the lateral extent of the cone of depression will be limited (Figure 8-12 of ERD).  The three 
persistent pools at Western Range are not anticipated to be within the area of predicted groundwater 
drawdown associated within mining at Western Range.  The nearest groundwater fed sensitive receptor to 
36W is Gardagarli (Ratty Springs) at approximately 360 mRL; however, Gardagarli (Ratty Springs) is hydraulically 
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disconnected from Western Range.  Dewatering at Western Range pits is not anticipated to impact MNES 
habitat including surface water fed gorge pools or any other sensitive receptors at ground level.   
Despite this, the Proponent is proposing to monitor water quality within permanent pools  at Western Range 
(surface water fed), Eastern Range (surface water fed), Ratty Springs (groundwater fed) and Doggers Gorge 
(groundwater fed).   This includes bi-annual in-field testing of physiochemical parameters and annual sampling 
of hydrochemical parameters, as well as continuous monitoring with quarterly data and photo analyses of pool 
surface water levels.  If observed changes to pools, including water level changes, are beyond those predicted, 
further investigation will be triggered as per the EMP.   
 

ii. If, following this investigation, groundwater chemical 
profiles are found to match those of the pools, it 
would be prudent for the proponent to conduct 
additional isotope testing of riparian vegetation 
surrounding these pools to assess if this vegetation is 
groundwater dependent. 

The Proponent does not consider investigation of groundwater chemical profiles to be required.  The 
persistent gorge pools at Western Range are considered to be surface water fed; they are approximately 40m 
above the standing groundwater level and are outside the modelled cone of depression associated with mining 
at Western Range.  Dewatering at Western Range is not anticipated to impact MNES habitat including surface 
water fed gorge pools or any other sensitive receptors at ground level.  In addition, concerns associated with 
isotope testing are discussed in response to DAWE Comment 6 below.   
 
The Proponent will manage the risk to MNES and riparian vegetation through the EMP and has implemented 
an adaptive management process within the EMP framework (Appendix 1) (as agreed with DWER) to ensure 
the Inland Waters EPA objective is met. 
 
In Table 1-2 of the EMP, the Proponent states that numerous permanent and semi-permanent groundwater 
fed pools exist within and immediately outside the Development Envelope, known to support foraging habitat 
for MNES fauna, including a source of water particularly during the dry season. Ephemeral surface water fed 
rock pools at Western Range and Eastern Range will be impacted by varying degrees by reduced inflows and 
sedimentation as a result of changes to landforms and surface water catchments.  However, to ensure no 
unacceptable impacts occur to MNES fauna habitat features, the Proponent has committed to a rigorous 
monitoring program of selected persistent gorge pools for water quality and surface water levels and also 
taking into account riparian vegetation monitoring (Table 2-6 and Table 2-7 respectively).  Surface water pool 
monitoring includes the three gorge pools at Western Range that ad hoc observations since 2001 have recorded 
persistent water.   
 

6. The proponent has used satellite imagery to detect and map areas of likely groundwater dependent riparian vegetation along SMC, Pirraburdu Creek and Six Mile Creek (Rio Tinto 2020d, p. 31). Targeted field surveys were 
then used to create sensitivity and significance mapping, which assessed vegetation on a scale from almost certain GDEs to IDEs (inflow dependent ecosystems, which were given lower significance) (Rio Tinto 2020d,  
pp. 38-42). Predicted drawdown magnitude has been overlain with this data to map areas of greatest risk (Rio Tinto 2020d, p. 43). 

a) The Department commends the use of satellite 
imagery to undertake a regional scale GDE 
assessment. However: 

i. the proponent should conduct appropriate isotope 
tests to confirm the findings of this methodology at a 
local scale. This is particularly pertinent to areas 
where the proponent has claimed that vegetation is 
unlikely to be groundwater dependent (e.g. areas 
identified as IDEs), 

Noted.   
 
The Proponent’s study referred to is a broad study which attempts to identify all relevant features across the 
greater Paraburdoo operational area and further.  The vegetation mapping produced, and importantly the 
resulting risk mapping is a product of a number of lines of evidence for groundwater dependence and the 
resulting risk profile.  In this case and others produced in a similar vein recently, the persistence mapping 
product is largely used as a tool to make sure that the process of identification of features potentially at risk 
(both from drawdown and changed catchment/flow characteristics – i.e. water dependent ecosystems), is not 
missing relevant features, and that the targeted field effort is made in the right locations, as well as providing 
additional evidence for consideration of risk. The persistence mapping product cannot necessarily quantify the 
influence of surface water and seasonal recharge derived vegetation stability, however, noting that both 
surface water and groundwater sources are important in supporting the environmental water requirements of 
phreatophytic vegetation.  This is evident in areas supporting facultative phreatophytes and which have 
experienced significant drawdown, but also seasonally receiving substantial surface water catchment 
volumes.  The degree of change seen is relatively small and supports the commensurate contribution that 
surface water makes to the environmental water requirement (EWR) of such species.  
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It is the Proponent’s experience in the Pilbara that in areas dominated by facultative phreatophytes, some of 
the more groundwater dependent riparian areas will show relatively clear isotopic signatures supporting 
groundwater use, but the remainder will likely produce complex intermediate signals which neither confirm 
nor refute the reliance of groundwater, and in these areas, the mixed reliance on surface water plays a 
factor.  In addition, isotopic testing is dependent on the presence of bores screened to the appropriate aquifer 
and in proximity of each of the vegetation features being tested.  Hence, the interpretation of isotope signals 
in these scenarios can present complex and confounding responses depending on local variations in soil depth 
/ basement -proximity and water table recharge/decline regimes.  
 
Isotope assessments are a useful tool where features of value are directly threatened, and monitoring 
infrastructure is available to support such a study.  The Proponent acknowledges that validation of the 
persistence mapping tool more generally through the use of isotopes should be considered where feasible, 
however noting some of the limitations and potential for confounding information.  However studies from 
NDVI analysis have been able to provide relevant information to understand riparian persistence in the 
landscape to support areas of potential risk for the impact assessment and inform management approaches, 
irrespective of isotopic data. Recent species correlation assessments conducted for the obligate phreatophyte 
Melaleuca argentea show that, for 610 records of this species, the mean NDVI persistence value (using the 
common 0.32 NDVI threshold) returned for Melaleuca argentea is 80.5% (95% CI - 78.923, 82.772), and the 
below graph shows the mean persistence returned for this and other Pilbara phreatophytes.  This aligns with 
the generally applied thresholds of <65% persistence being relatively ephemeral, more likely Inflow Dependent 
Vegetation type vegetation, 65-80% persistence representing potentially groundwater dependent vegetation, 
and above 80% being more likely representative of clearly groundwater dependent vegetation.  The Proponent 
is undertaking further work elsewhere to understand species correlation type validations of the persistence 
mapping tool. Further studies on groundwater are in plan, but whilst typical larger scale aquifers are easy to 
test for, the number of smaller scale groundwater sources such as perched groundwater, clay lenses or even 
areas of seasonally saturated soil from surface water ponding provide confounding results.  These smaller scale 
sources remain a common mechanism supporting apparently groundwater dependent ecosystems in smaller 
sized catchment systems such as the creeks and small incised drainage systems which dominate the Hamersley 
plateau.  
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Figure 1 Mean persistence value and number of records available verses species and species guilds 
 

ii. it would also be useful for the proponent to provide 
depth to groundwater mapping for the areas of 
riparian vegetation; 

Noted. The Proponent has updated the EMP to include a figure that shows 2021 observed groundwater 
contours for riparian areas of interest (Figure A-5 of EMP).   
 
Surface elevation along both SMC and Pirraburdu Creek is approximately 355mRL.   
A copy of this figure is attached (Attachment 2).   
 

iii. the Department notes that the uncertainties in the 
proponent’s groundwater modelling discussed in 
Paragraph 1 mean that the extent of groundwater 
drawdown is still unclear and that the GDE risk 
mapping should not be relied upon as a sole indicator 
of potential impacts; and 

The Proponent has acknowledged uncertainties in the groundwater model in the response to paragraph 1.  
Where there is uncertainty in the groundwater values, multiple scenarios with a range of hydraulic parameters 
were modelled to be conservative.  As a result, it is considered that the current modelling is conservative and 
includes a worst case scenario, which is used as a basis for the impact assessment.  Further data will contribute 
to model updates and improved calibration.  The Proponent conceptualises and re-calibrates groundwater 
models annually or as required.   
 
The Proponent uses all available tools to identify areas of potential risk, particularly where GDE risk mapping 
and groundwater drawdown modelling intersect or have the potential to intersect to ensure potential impacts 
as a result of groundwater drawdown via a source-pathway-receptor approach can be assessed and 
appropriate management can be put in place based on the sensitivity of the receptor and likely risk of impact. 
Any changes to the hydrogeological conceptualisation or based on monitoring data will be managed via the 
adaptive management process outlined within the EMP Framework (Appendix 1) (as agreed with DWER) to 
ensure the Inland Waters EPA objective to maintaining the hydrological regime are met. Should updates 
to groundwater models require changes to the management actions for Inland Waters (which also consider 
potential impacts to MNES) as detailed in the EMP, the Proponent will update the EMP in consultation with 
regulators, as appropriate.   
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iv. based on the information provided, the Department is 
not satisfied that the EPBC listed threated fauna that 
use this riparian habitat will be unaffected by the 
proposal. 

The Proponent has undertaken field investigations and mapped riparian vegetation in and around the 
Development Envelope, including Pirraburdu and SMC to refine and characterise riparian vegetation and 
potential GDEs. A total of 36 riparian vegetation units covering 6,344 ha were identified within 100 km of the 
Development Envelope (Rio Tinto 2020a). Of which, 680 ha (comprising 21 riparian vegetation units) are 
represented within the Development Envelope.  Of the 680 ha of riparian vegetation, the Proponent is 
proposing to directly impact up to 25 ha (approximately 3.7% of riparian vegetation mapped within the 
Development Envelope).  The majority of the directly impacted riparian vegetation is mapped as being in Poor 
and Degraded condition (approximately 22 ha, of which 3 ha is also Degraded GDE vegetation)); and having 
limited foraging and dispersal habitat for MNES species.    
 
In addition, it is predicted that groundwater drawdown may potentially indirectly impact approximately 27 ha 
of mapped GDEs in the Development Envelope as a result of drawdown in the alluvial aquifer in SMC associated 
with dewatering of the 4EE deposit.  The condition of riparian/GDE vegetation in this section of SMC is mapped 
as Completely Degraded to Poor and therefore represents low quality foraging and dispersal habitat for MNES 
species due to direct disturbance from existing mining operations, presence of weeds and vegetation 
augmentation as a result of long-term surplus water discharge from the existing Paraburdoo Processing Plant. 
 
There is no predicted direct or indirect impact to riparian habitat of Six Mile Creek.   Groundwater abstraction 
for BWT mining at Western Range does not occur within the vicinity of GDEs and therefore, there are no 
potential impacts to flora and vegetation associated with this drawdown. 
 
It is not considered that these impacts, along with the amount of riparian vegetation remaining within and 
outside of the DE, will result in significant residual impacts to MNES fauna.  The key functioning features of the 
creek lines will be maintained (i.e. limited direct disturbance) such that the physical substrate and flow paths 
will be maintained to support a functioning ecosystem to support MNES.  Whilst the currently degraded 
riparian habitat of SMC may be indirectly impacted by groundwater drawdown, the ephemeral creek lines will 
still receive stream flows and continue to function following rainfall events.  The Proponent will manage the 
risk to MNES fauna and riparian vegetation through the EMP and has implemented an adaptive management 
process within the EMP framework. 
 
In Table 1-2 of the EMP, the Proponent states that numerous permanent and semi-permanent groundwater 
fed pools exist within and immediately outside the Development Envelope, known to support foraging habitat 
for MNES fauna, including a source of water particularly during the dry season. Ephemeral surface water fed 
gorge pools at Western Range and Eastern Range will be affected by varying degrees by reduced inflows and 
sedimentation as a result of changes to landforms and surface water catchments. However, to ensure no 
significant impacts occur to higher value MNES fauna habitat features, the Proponent has committed to a 
rigorous monitoring program of the key persistent surface water fed gorge pools for water quality and surface 
water levels, groundwater monitoring for level and water quality, and riparian vegetation monitoring (Table 2-
6 and Table 2-7 of the EMP).  Monitoring is focussed on the most significant pools which are likely to provide 
higher value habitat for MNES species at Western Range due to the persistence of water in these pools.   
 
Further, the Proponent has implemented an adaptive management process within the EMP framework 
(Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological 
regime are met. Should monitoring identify changes to the management actions for Inland Waters (which also 
consider potential impacts to MNES) as detailed in the EMP, the Proponent will update the EMP in consultation 
with regulators, as appropriate.   
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7. The proponent has provided a Greater Paraburdoo Acid Mining Drainage (AMD) and geochemical risk assessment summary. 
a) The Department notes that the provided 

summary lacks a risk matrix specifying the 
likelihood and consequences of the material risks 
identified. Regarding AMD and geochemical risk, 
the proponent should: 

i. incorporate a risk matrix utilising the classification 
models provided by the Australian Government in 
Preventing Acid and Metalliferous Drainage Handbook 
(LPSDP 2016); and 

Noted.  
 
A risk matrix is included in the Paraburdoo Acid Mining Drainage (AMD) Risk Assessment (RTIO 2019b) that 
includes a Hazard Score and Risk Assessment; this was used to develop the Greater Paraburdoo Acid Mining 
Drainage (AMD) and Geochemical Risk Assessment Summary (Rio Tinto 2020b) and takes into account presence 
of potentially acid forming material, waste dumps, presence of surface water features, dewatering activities 
and spatial extent of the mining operation.  The Paraburdoo AMD Risk Assessment (RTIO 2019b) is considered 
to adequately identify and address the AMD risks associated with the Proposal, including consideration of 
cumulative impacts to inform any potential risk to sensitive environmental receptors including MNES species 
and their habitats.  The Paraburdoo Acid Mining Drainage (AMD) Risk Assessment (RTIO 2019b) is attached 
(Attachment 3).   
 
Further detail on AMD is also included in the Eastern Range AMD Risk Assessment (RTIO, 2019a, Attachment 
4) and the Western Range AMD Risk Assessment (RTIO 2019f, Attachment 5).   
 
Rio Tinto seeks continual improvement of processes in relation to assessing the risks and management 
strategies of AMD and will review the presentation of the risk assessment information in relation to the 
example tables presented in LPSDP (2016) and consider if it can be incorporated into the Rio Tinto Risk 
Assessment Framework for future risk assessments. 
 

ii. develop a rating table showing the spatial extent and 
likely duration of the identified hazards, which would 
assist in understanding the cumulative impacts of 
AMD. 

b) The proponent had conducted 340 Acid Base 
Accounting (ABA) test works, nine geochemical 
analyses of tailings samples, and two kinetic 
column leach testing of samples in the Turee 
Syncline area (Rio Tinto 2020e, p. 7).     

i. the Department notes that the purpose of conducting 
ABA analyses is to utilise the neutralisation potential 
ratio method to classify the probability of the waste 
material with regards to its net acid generation 
capacity. However, the Neutral Metalliferous Drainage 
(NMD) and Saline Drainage (SD) cases have not been 
taken into account in this study. 

The Proponent maintains that the assessment of Neutral Metalliferous Drainage (NMD) and Saline Drainage 
(SD) have been addressed through the assessment of enrichment and leachability (relative to crustal 
abundance and WQ trigger values, which is a conservative approach (Rio Tinto 2020b).  Leachates generated 
in the multi-step deionised water leach were found to be circum-neutral with most trace elements at 
concentrations that were close to, or below the limits of analytical detection.  Given the leachate analysis did 
not identify elevated concentrations of metals or salts at neutral pH, it is not considered likely that NMD or SD 
would occur. 
 
The GDE’s within SMC represent low quality foraging value for MNES fauna due to the majority being in poor 
to degraded condition.  There are no groundwater fed pools downstream of waste dumps or tailings facilities 
associated with the Proposal.  Remote sensing will be undertaken in areas of SMC, Six Mile Creek and 
Pirraburdu Creek downstream (within and outside of the Development Envelope) to monitor for changes to 
vegetation condition attributed to the Proposal; if changes are identified these will be investigated.  Surface 
water level and water quality monitoring will be undertaken at selected surface water fed ephemeral pools at 
Western Range and Eastern Range to identify potential impacts (Table 2-6 and Table 2-7 of the EMP).  No 
impacts are predicted to groundwater fed Gardagarli (Ratty Springs) and Gurungu (Doggers Gorge) as a result 
of the Proposal (these are upstream of all activities associated with the Proposal).  However, as these are 
significant habitat features for MNES, provisions have been included in the EMP (Rio Tinto 2021a) to confirm 
that activities associated with the Proposal do not impact these habitats (that is not predicted to occur). 
 

ii. The Department notes that the number of tailings 
samples that underwent geochemical testing are 
unlikely to provide a full coverage of the current 
waste fines storage facility (WFSF). In addition to the 
2D distribution, the vertical component should be 
considered to evaluate possible materials segregation 
by density. 

Noted.  The Proponent undertook a drilling program in 2014/2015 which included analysis of approximately 
9000 samples for sulfur.  From this, a representative collection of samples (15 samples including tailings 
samples ranging from 2-5m depth and underlying alluvium rock) were analysed for LECO Total Sulfur, CRS, ANC 
and NAG.  A summary of this work is detailed in RTIO (2020b). The results of this work correlate with other 
tailings test work  from other similar lithologies at Rio Tinto operations in the Pilbara that show some samples 
containing elevated sulfur is not necessarily associated with sulfide minerals.  Samples are  classified as 
Non-acid forming (NAF) or Uncertain (NAF).  Reporting also acknowledges that Paraburdoo tailings liquor were 
dominated by Ca, Mg, Na, Cl and SO4 and that it is unlikely that the feed stock into the plant was high in sulfur 
as it is not a common element within the ore zones associated with Paraburdoo.  The only potential source of 
sulfur is in the water used for processing.  From monitoring data, sulfate levels measured in groundwater bores 
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The Department considers that tailing testing should 
be undertaken as a saline plume associated with 
groundwater mounding has been identified by the 
proponent beneath the WFSF (Rio Tinto 2020e, p. 2). 
Furthermore, satellite images (attachments  
1-3) appear to show what could be areas of high 
salinity west of 4E waste dump (refer to Paragraph 
8d). 

used in the process plant (4E and 4W borefields) had average sulfate levels of around 200mg/L, average Ca 
levels of 57mg/L, and Cl levels of 242mg/L.  These levels are similar to the AMD test work undertaken during 
2013 (EGi, 2014).  Water recycling occurs within the Paraburdoo plant with water recovered from the thickener 
plant reused within the plant.  This could potentially result in increased concentration of some elements within 
the process water. 
 
The high concentrations of major cations and anions in the tailings leaches are likely due to evapoconcentration 
whilst in the waste fines storage facility (WFSF), and precipitation of salts which have then re-dissolved within 
the de-ionised water. The risk associated with the potential for highly saline water to infiltrate into the 
groundwater from the WFSF had previously been identified.  Given the amount of testing already undertaken 
based on the understanding of this potential risk, the Proponent maintains that additional analysis of tailings 
will not yield meaningful data beyond what has already been undertaken to change how this potential risk 
would be managed. 
 
A number of geochemical and hydrogeological studies have been undertaken to understand potential impacts 
and risks to groundwater quality including the conceptual site model relating to the hydrogeological setting 
and potentially saline seepage (ERM, 2020 and GHD, 2020). It is noted that the satellite images provided by 
DAWE are to the north east of the 4E pit, whilst the tailings facility is located to the south west.  Given the 
dewatering bores associated with 4E are situated between the TSF and SMC, it is unlikely that any saline plumes 
would not be intercepted by these bores and picked up as part of the site water quality monitoring.  The 
Proponent’s Groundwater Operating Strategy (GWOS) required under licence requirements of the RiWI Act 
requires annual laboratory tested water quality sampling, and quarterly basic field parameters (pH, temp, EC) 
on active production bores, including bores associated with Pit 4EE (between the TSF and SMC).  The results 
are presented in the Annual Aquifer Reviews submitted to the DWER (Water) annually and are part of capturing 
the Proponent’s requirements for managing borefields/resources covered by existing groundwater licenses.  
The production groundwater bores located between Pit 4EE and SMC have not recorded any analytes above 
the site-specific water quality guidance values.  The white patches in the satellite images provided by DAWE 
cannot be verified as these features have not been persistent and currently no longer exist, however as noted 
above, salinity changes would be picked up in the groundwater monitoring bores. Further information is 
provided in response 8(d)(i).   
 
Groundwater does not express at the surface of SMC within the Development Envelope.  Further, the GDE’s 
within SMC represent low quality foraging value for MNES fauna due to the majority being in poor to degraded 
condition.  There are no groundwater fed pools downstream of waste dumps or tailings facilities associated 
with the Proposal.  Monitoring will be undertaken to identify potential changes to vegetation condition and 
quality attributed to Proposal activities; if changes are identified these will be investigated.  Surface water level 
and water quality monitoring will be undertaken at selected surface water fed ephemeral gorge pools at 
Western Range and Eastern Range to identify potential impacts (Table 2-6 and Table 2-7 of the EMP).  No 
impacts are predicted to groundwater fed Gardagarli (Ratty Springs) and Gurungu (Doggers Gorge) as a result 
of the Proposal (these are upstream of all activities associated with the Proposal).  However, as these are 
significant habitat features for MNES, provisions have been included in the EMP (Rio Tinto 2021) to confirm 
that activities associated with the Proposal do not impact these habitats (that is not predicted to occur). 
 

iii. the Department commends the supplemental phase 
of kinetic column leach testing in the Turee Syncline 
area. The Department considers that the testing 
should be replicated within the development 
envelope, particularly in and around the current and 
proposed waste storage facilities. 

The Proponent recently submitted a tailings sample for sequential extraction techniques as part of a larger 
project in combination with FMG, BHP, Chemcentre and Minerals Research Institute of WA to develop a tool 
that uses sequential leaching techniques to characterise waste rock and tailings samples to better predict the 
impact of mining on groundwater and surface waters.  Results are pending and will be interpreted and provided 
in the next scheduled revision of the Mine Closure Plan (MCP). The information will be used to identify any 
potential risk or additional management strategies required.   Additional sampling and testing of material from 
within the Development Envelope will be undertaken where required to update the risk of AMD occurring 
within the Proposal area. 
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It is noted that leachate testing undertaken in 2007 (EGI, 2007) identified a low likelihood of AMD generation 
and low concentration of metals in leachates.  This is typical of tailings material from across the Pilbara.  
Subsequent to the review of the Turee Syncline test work (once complete), the requirement for additional 
tailings testing at Paraburdoo to supplement the existing understanding will be assessed.  If required, the 
results of additional testing would be included in future updates of the Proposal’s MCP and considered in the 
overall operations management.   
 
Provisions have been included in the EMP (Rio Tinto 2021) to monitor significant MNES habitat features to 
confirm that activities associated with the Proposal do not impact these habitats.  The Proponent has 
implemented an adaptive management process within the EMP framework (Appendix 1) (as agreed with 
DWER) to ensure the Inland Waters EPA objective is met.  Should the results of further test work require 
changes to the management actions for Inland Waters (which also consider potential impacts to MNES) as 
detailed in the EMP,  the Proponent will update the EMP in consultation with regulators, as appropriate.   
 

c) The proponent has noted that the acidity 
potential of elevated-sulfur waste rock expected 
to be mined from Eastern Range and Western 
Range was negligible compared to the neutralising 
capacity of codisposed waste rock (Rio Tinto 
2020e, p. 4). 

i. the Department notes that the conclusion above does 
not appear to be supported by any evidence included 
in this report. The Department considers that 
additional characterisation of the waste rock is 
required to justify the proponent’s claims. Such a 
characterisation should, as a minimum, consider the 
geochemistry, volumes, and distribution of both 
waste materials (the elevated-sulfur shale and the 
neutralising codisposed waste rock). 

The Proponent considers the sampling that has been undertaken to date to be sufficient to characterise 
acidity potential of elevated-sulfur waste rock for the Proposal.   
 
The Eastern Range AMD Risk Assessment (RTIO 2019a) identified the Neutralisation Potential Ratio (NPR) 
(which relates the neutralising capacity to the maximum potential acidity which could be generated) of 2.  This 
indicates a Low risk of AMD.  The Eastern Range AMD Risk Assessment (RTIO 2019a) is provided in Attachment 
4.   
 
The Western Range AMD Risk Assessment (RTIO 2019f) identified the NPR of 3, indicating a Low / Negligible 
risk of AMD.  The Western Range AMD Risk Assessment (RTIO 2019f) is provided in Attachment 5.   
 
A NPR of 2 or 3 indicates either a low maximum potential acidity (MPA) or elevated acid neutralising capacity 
(ANC) (or both) of the samples.  Both assessments considered the geochemistry, volumes, and distribution of 
both waste materials (the elevated-sulfur shale and the neutralising codisposed waste rock).   
 
Additional sampling will be undertaken progressively as studies progress and mining commences and results 
included in future updates of the Proposal’s MCP.   
 
The EMP includes management response actions in the event monitoring shows declining trends attributable 
to the Proposal.  This includes:  

• monitoring at higher value MNES fauna habitat features including the key persistent surface water fed 
gorge pools for water quality;  

• surface water levels, level and water quality monitoring at persistent groundwater fed pools within 
and immediately outside the Development Envelope; and  

• riparian vegetation monitoring (Table 2-6 and Table 2-7 of the EMP).   
Monitoring is focussed on the most significant pools which are likely to provide higher value habitat for MNES 
species.   
 
Further, the Proponent has implemented an adaptive management process within the EMP framework 
(Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological 
regime are met. Should monitoring identify changes to the management actions for Inland Waters (which also 
consider potential impacts to MNES) as detailed in the EMP, the Proponent will update the EMP in consultation 
with regulators, as appropriate.   
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d) The geochemical assessment notes that most rock 
types are enriched in iron, arsenic and tin. The 
following elements were also identified as being 
elevated in certain samples: Cl; Co; Cr; Cu; Mn; Ni; 
Pb; S; V; and Zn. The proponent has asserted that 
whilst concentrations of some elements (e.g. As 
and Sn) may be enriched, these elements will not 
necessarily mobilise into groundwater (Rio Tinto 
2020e, p. 6). 

i. The proponent should provide further justification to 
explain why some enriched elements in the waste 
storage facilities would not mobilise into the 
groundwater and, if they were to, the probable 
direction of flow. 

Noted.   
 
The AMD Risk Assessment (2019) undertook both a saline (24-hour agitation with saline water) and multi-leach 
tests (five rinse cycles using a free-draining column method over five days) on 12 samples in total.  This Leach 
testing generally resulted in leachates with most trace elements at concentrations that were close to or below 
the limits of detection, despite these elements being relatively enriched in total concentration.  This suggests 
that the elements are present within minerals that do not readily release the elements during leaching 
conditions likely to be present on site.  This material is not technically tailings; however, it represents the 
material that the tailings are developed from. 
 
The Proponent has undertaken geochemical testwork on the tailings themselves, with leachates from five 
tailings samples producing low concentrations (EGI, 2007).  This was reported in the 2019 Paraburdoo Closure 
Plan (RTIO, 2019), which noted that fines are non-acid forming (NAF) with acid mine drainage not being a risk.  
In addition Enrichment of arsenic (As), iron (Fe), antimony (Sb) and selenium (Se) were noted within the tailings 
samples. However, the analysis of tailings liquor indicates the solubility of environmentally important elements 
is generally low, where As, Se and Sr were noted as being present at low concentrations.  These are not 
anticipated to be at levels that present a significant risk to MNES or MNES habitat.   
 
There are no groundwater fed pools downstream of waste dumps or tailings facilities associated with the 
Proposal.  Monitoring will be undertaken to identify potential changes to vegetation condition and quality 
attributed to Proposal activities; if changes are identified these will be investigated.  Surface water level and 
water quality monitoring will be undertaken at selected surface water fed ephemeral pools at Western Range 
and Eastern Range to identify potential impacts (Table 2-6 and Table 2-7 of the EMP).  No impacts are predicted 
to groundwater fed Gardagarli (Ratty Springs) and Gurungu (Doggers Gorge) as a result of the Proposal (these 
are upstream of all activities associated with the Proposal).  However, as these are significant habitat features 
for MNES, provisions have been included in the EMP (Rio Tinto 2021) to confirm that activities associated with 
the Proposal do not impact these habitats (that is not predicted to occur). 
 
Additional sampling will be undertaken progressively as studies progress and mining commences and results 
included in future updates of the Proposal’s MCP.   
 
In regard to groundwater flow direction, the 2019 Paraburdoo MCP summarises the work undertaken whereby 
seepage from the TSF was modelled to assess the likely fate of solutes present in groundwater beneath the 
TSF.  Modelling indicated that solutes present beneath the TSF may be slowly moving in a north westerly 
direction towards the 4E pit dewatering bores during operations; at closure they are predicted to move west 
towards SMC, which is understood to be the pre-mining flow direction. Additional groundwater data will be 
collected down gradient of the TSF to further monitor the seepage.  This is not anticipated to present a 
significant risk to MNES or MNES habitat as groundwater does not express at the surface of SMC within the 
Development Envelope, there are no groundwater fed pools downstream of SMC and GDEs within SMC 
represent low quality foraging value for MNES fauna due to the majority being in poor to degraded condition.   
 
The Proposal will utilise an existing TSF for waste fines located near the pit 4EE.  This facility is managed under 
Part V of the Western Australian Environmental Protection Act 1986 (WA EP Act) (Paraburdoo Prescribed 
Premises Licence (L5275/1972/12)) issued by DWER.  Condition 5 of the licence requires the Proponent to 
undertake annual groundwater quality monitoring of the tailings area monitoring bore network.  In addition, 
water quality will also be monitored in accordance with the EMP at potential MNES foraging habitat at key 
groundwater pools, Ratty Spring, and Doggers Gorge.  The Proponent will also implement an adaptive 
management process within the EMP framework.   
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8. In the Environmental Review Document (ERD), the proponent states that the impact of surplus water discharge on the water quality in SMC, Pirraburdu Creek and Six Mile Creek will be negligible, due to the similar salinity 
levels between groundwater and surface water (Rio Tinto 2020b, p. 232). In addition, the proponent states that discharges will occur under natural no flow conditions but are expected to be intermittent and small in 
comparison with natural flow events (e.g. floods) (Rio Tinto 2020b, p. 228). It is not clear whether the proponent is currently discharging water under no flow conditions. 

a) The Department considers that discharging into 
creeks under no flow conditions will result in the 
accumulation and sedimentation of salts, metals 
and other chemicals due to pooling and 
subsequent evaporation of the discharged water. 

i. While noting that these impacts may be restricted to 
the development envelope, the Department considers 
that discharging into Pirraburdu Creek and SMC 
should only occur when there is streamflow and 
should follow rainfall events. This will ensure that the 
discharged water is diluted, and overall impacts 
lessened (refer also to Paragraph 12b). 

The Proponent notes that peak discharge will generally occur during wet season months (following rainfall 
events) when operational water use requirements are reduced (e.g. reduced dust suppression requirements). 
This generally coincides with natural stream flow events, and when operational water storage capacity is 
exceeded.   
 
The proposed discharge points are within ephemeral systems that are naturally continually subject to wetting 
and drying cycles including pooling and evaporation post stream flow events.  High sediment loads occur during 
natural streamflow events; ephemeral systems in the Pilbara are well adapted to these extremes.  As 
documented in response 8b) below, natural variations in surface water analytes levels also occur associated 
with seasonal variation in surface flows (upstream of areas associated with existing mine operation impacts).   
 
Surplus water discharge may result in a temporary decline/alteration of localised surface water chemistry and 
sediment quality post discharge and evaporative events.  However, during natural flow conditions that occur 
during rainfall events, discharged surplus groundwater will be diluted and the system flushed.  This will mitigate 
the potential impacts of altered water chemistry and sediment quality that may be affected by the proposed 
discharge.   
 
Discharge water quality and quantity will be regulated under Part V of the WA EP Act and associated licence 
conditions.  Water quality testing will be undertaken and reported in accordance with associated licence 
conditions from licensed discharged points.  In addition, water quality will also be monitored in accordance 
with the EMP at potential MNES foraging habitat at Key groundwater pools, Ratty Spring, and Doggers Gorge.  
The Proponent will also implement an adaptive management process within the EMP framework.   
 

b) The Department considers that the surface water 
monitoring has not been extensive nor frequent 
enough to be confident that the groundwater and 
surface water salinities are naturally similar in 
quality. The Greater Paraburdoo Surface Water 
Quality Report from 2019 notes that it is difficult 
to determine a long-term trend due to 
intermittent sampling and variation between wet 
or dry seasons (Rio Tinto 2019c, p. 3). 

i. In addition, the same report identifies an increasing 
trend in salinity (between 800 to 3000 mg/L) and 
major ions (e.g. sodium, chlorine, magnesium, 
potassium) in SMC. The Department considers that 
this increase in salinity may be due to mining impacts 
and further discharges into the creek will exacerbate 
the salinity levels. 

The Proponent acknowledges the intermittent sampling of surface water.  The frequency of surface water 
monitoring is constrained by the ephemeral nature of Pilbara waterways which leads to the variation between 
wet and dry seasons.     
 
Figure 2 (below) presents the most recent water quality data from SMC.  As shown on the figure, the TDS 
returned to within normal range at the next monitoring event.  Subsequent data demonstrate there is not a 
long-term trend in increasing salinity or major ions.  It is also noted that the sample point (SMC) is located 
1.5km south of the town of Paraburdoo and nearly 5km upstream of the mine. The sample point is located 
immediately downstream of the confluence of Tableland Creek, Bellary Creek and other tributaries into SMC; 
therefore the anomalous data is not due to mine-related impacts.  The unusual data value was noted to have 
been collected during the dry season, when there was no surface stream flow.  This supports the natural 
variation in analyte values between wet and dry seasons in the Pilbara associated with pooling and high rates 
of evaporation post ephemeral stream flow events.   
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Figure 2 - Surface water TDS for SMC 
 
Discharge water quality and quantity will be regulated under Part V of the WA EP Act and associated licence 
conditions.  Water quality testing will be undertaken and reported in accordance with associated licence 
conditions from licensed discharged points.  In addition, water quality will also be monitored in accordance 
with the EMP at potential MNES foraging habitat at Key pools, Ratty Spring, and Doggers Gorge.     
 
Further, the Proponent has implemented an adaptive management process within the EMP framework 
(Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological 
regime are met. Should water quality data collected in accordance with licence conditions identify changes to 
the management actions for Inland Waters (which also consider potential impacts to MNES) as detailed in the 
EMP,  the Proponent will update the EMP in consultation with regulators, as appropriate.   
 

ii. The proponent states that groundwater sampling has 
been conducted in dewatering bores since 2001. 
While the July 2018 sampling results for dewatering 
bores have been summarised (Rio Tinto 2020b), no 
other groundwater quality data has been provided for 
comparison. This data would provide further insight 
into the potential impacts of the dewatering regime. 

Noted. The Proponent has provided a copy of minimum (min), maximum (max), standard deviation (SD) and 
mean water quality values for dewatering bores from 2001 to 2021 (where available) (Attachment 6).   
 
Dewatering is licensed under section 5C of the RiWi Act managed by DWER.  Dewatering bore data are 
reported each year in Annual Aquifer Reviews in accordance with the 5C licence.   
 

c) Without regular sampling data, it is difficult to determine if the downstream riparian vegetation is unlikely to be 
affected by discharge. Whilst the flora present are likely to be well-adapted to saline conditions, they could still be 
impacted by persistently high salinity, sedimentation or other potential contaminants in the discharge. 

Pilbara creek systems are subject to significant sediment loads during flow events, particularly during the wet 
season and are well adapted to high sediment loads during flow events.  The proposed discharge points are 
within ephemeral systems that are naturally continually subject to wetting and drying cycles including pooling 
and evaporation post stream flow events.  Ephemeral systems in the Pilbara are well adapted to these 
extremes.   
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During natural flow conditions that occur during rainfall events, discharged surplus groundwater will be diluted 
and the system flushed.  This will mitigate the potential impacts of altered water chemistry and sediment 
quality that may be affected by the proposed discharge.   
 
Although no impacts to riparian vegetation as a result of salinity or sedimentation associated with discharge of 
surplus water are anticipated, the EMP provisions allow for riparian vegetation monitoring via remote sensing 
and on-ground assessment (overstorey and understorey species), including management response actions 
should detrimental trends be noted (Table 2-7 of the EMP).  The condition of overstorey riparian vegetation 
will be monitored by remote sensing (satellite imagery) annually (during dry season), and on-ground 
assessment of vegetation condition and cover conducted if potential exceedances in indicators values are 
detected.   
 
Water quality and quantity is monitored at the discharge outlets under the requirements of Part V of the WA 
EP Act licence conditions and at key receptor locations including potential MNES foraging habitat (Key 
groundwater pools, Ratty Spring, and Doggers Gorge) via the EMP. 
 
The proposed locations of remote sensing captures zones are provided in Figure 2-3 of the EMP.   
 

d) The Department notes from aerial images taken 
from Google Earth in 2017 and 2019 (Attachments 
1-4) that certain pools of surface water in Seven 
Mile Creek appear to be a deep red colour, with 
other areas exhibiting obvious white colouration. 
The white colouration is also apparent in a storage 
pond (attachments 2 and 3). It is unclear from the 
documentation provided, if these images show 
some level of contamination, sedimentation, or 
sulfate precipitation. The Department additionally 
notes that the proponent has identified 4EE as 
being at ‘high’ risk from acid and metalliferous 
drainage (AMD) (Rio Tinto 2020e, p. 9). 

i. The proponent should identify the source of the 
deposits and discoloured water shown in attachments 
1-4. 

 

The Proponent acknowledges that a number of the images provided by DAWE appear to show white deposits 
within water bodies or are red/brown in colour; however, as these images are from 2017 and 2019 and these 
features are not currently visible at the operations (and therefore unable to be verified), the Proponent 
suggests that these images show sun and/or cloud reflections and natural iron rich sediment load typical for 
the Pilbara region associated with ephemeral stream-flow respectively.  Surplus water discharge to SMC is 
managed in accordance with a licence under Part V of the WA EP Act which includes requirements for regular 
water quality monitoring.  To date, there have been no water quality exceedances recorded outside the 
operation’s licence conditions requirements. 
 
DAWE Image 1 
DAWE Image 1 shows a portion SMC immediately downstream of a licensed discharge point associated with 
the Paraburdoo mine plant (Licence Number L5275/1972/12 Primary Plant Discharge).  This discharge outlet is 
for the purposes of discharge of surplus freshwater associated with mine processing.  Discharge water quality 
is required to be monitored quarterly when discharging and is reported via the Part V licence requirements 
annually (including through the Annual Audit Compliance Report, and the Annual Environmental Report); to 
date, there have been no water quality exceedances recorded above the operation’s licence conditions for this 
discharge point.   
 
Recent (July 2021) high quality aerial imagery indicates no discoloration of surface pools in this area 
(Attachment 2).   
 
DAWE Image 2 
DAWE Image 2 shows surface water ponding within a portion of SMC as well as a water body within Pit 4EE.  
Both of these are temporary water bodies associated with run-off following a rainfall event.  SMC is an 
ephemeral creek that naturally forms temporary pools post flow events; the colour reflects natural iron rich 
sediment loads following flow events, common in the Pilbara after stream-flow events.  The waterbody within 
Pit 4EE is the lowest point within this pit; this has since been backfilled/removed.   
 
Water samples were collected from this location (MP174ESW0001) in 2017-2018 and reported in the 2019 
Surface Water Quality report (Rio Tinto 2019h).  This report notes that this water body typically forms after 
rainfall.  The sampling identified some minor exceedances of ANZG (2018) guideline values; however, noted 
that these exceedances are not unexpected as these analytes occur naturally within the Pilbara at a higher 
range of concentrations.  Water quality for MP174ESW0001 in 2017-2018 was generally mildly alkaline pH (8.3 
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to 8.9), Na-Mg-Cl-SO4-HCO3 type water, and TDS of 724-1310 mg/L.  Sulfate concentrations ranged from 170 
to 304 mg/L and SO4/Cl ratios were <0.7 
 
Further, production groundwater bores located between Pit 4EE and SMC have not recorded any analytes 
above the site specific guidance values .  The Proponent’s Groundwater Operating Strategy (GWOS) required 
under licence requirements of the RiWI Act requires annual laboratory tested water quality sampling, and 
quarterly basic field parameters (pH, temp, EC) on active production bores.  The results are presented in the 
Annual Aquifer Reviews submitted to the DWER (Water) annually and form part of the Proponent’s 
requirements for managing borefields/resources covered by existing groundwater licenses.   
 
The Proponent acknowledges the 2017 aerial imagery appears to show white patches in this location; however 
the Proponent suggests that these show sun and/or cloud reflections associated with aerial imagery.  This is 
supported by the monitoring data as described above. 
 
Recent (2021) high quality aerial imagery indicates no surface water pools in this area (Attachment 3).   
 
DAWE Image 3 
DAWE Image 3 provides a wider context view of SMC.  The Proponent acknowledges that there appear to be 
white patches within a number of water bodies; however the Proponent suggests that these show sun and/or 
cloud reflections associated with aerial imagery.   
 
Recent (2021) high quality aerial imagery for this area has been provided Attachment 4.   
 
DAWE Image 4  
DAWE Image 4 provides a wider context view of SMC.  It is not immediately clear where this screenshot has 
been taken.  SMC is an ephemeral creek that naturally forms temporary pools post flow events; the colour of 
the water reflects natural iron-rich sediment loads, common in the Pilbara after stream-flow events.   
 

ii. If these are identified as sulfate/salt deposits or 
otherwise as possibly deriving from AMD, the 
proponent should provide a management and 
treatment plan for AMD and confirm that natural 
flows and discharge will not cause additional AMD 
leachate. 

Noted. As detailed above, the identified areas do not reflect sulfate/salt deposits or otherwise.  Instead, the 
images reflect natural conditions associated with ephemeral flows in the Pilbara post rainfall and stream flow 
events.   
 
Recent (2021) high quality aerial imagery for this area has been provided in Attachment 2 to Attachment 4.   
 
Surplus water discharge to SMC is managed in accordance with a licence under Part V of the WA EP Act.  To 
date, there have been no water quality exceedances recorded above the operation’s licence conditions for 
discharge points to SMC. 
 

9. The proponent has stated that they will not rehabilitate the mine voids post closure (Rio Tinto 2020b, p. 96). The Department notes that due to the high evaporation rates and expected inflows into the pit, that the water 
quality in these voids is likely to become highly saline. 

 Noted. 
 
Mining will occur below the water table in sections of pits in the Proposal footprint; 4EE, 36W and 66W.  As 
outlined in in the Western Range Closure Plan (Rio Tinto, 2019i), pits 36W and 66W will be backfilled to prevent 
development of permanent pit lakes.   
 
Pit lake modelling results for pit 4EE (SRK, 2018a) indicate that this will form a terminal sink with 
evapoconcentration an important influence that will generate high concentrations of TDS and some analytes.  
Groundwater flow in the immediate vicinity of the pit is therefore expected to continue to flow towards the 
pit following closure.  Following closure, direct contact with the pit lake water is expected to present the only 
potential exposure pathway for MNES fauna.  However, the predicted physical nature of the pit lake, including 
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negligible riparian areas, is unlikely to attract or provide suitable foraging habitat for MNES fauna.  In addition, 
other freshwater sources with higher value foraging habitat (e.g. surface water gorge pools and groundwater 
fed pools at Ratty Springs and Dogger’s Gorge) are anticipated to be preferred habitats by MNES fauna.   
  

Environmental Management Plan (EMP) – dewatering program: 
10. The Department notes that the EMP includes a management level assessment matrix which the proponent has used to assign management zones (very high to very low) to environmental values (Table A1, Rio Tinto 2020c, 

App. 1, p. 48). 
a) It is unclear how the proponent has used this 

matrix to derive management zones (Rio Tinto 
2020c, App. 1, p. 45). Groundwater dependent 
riparian vegetation, for example, is assigned a 
‘low’ management rating, despite the likelihood 
being ‘possible’, with ‘serious’ consequences 
lasting ‘decades’ (Rio Tinto 2020c, App. 1, p. 50). 
The Department does not consider this 
assessment matrix to be adequate to properly 
identify and manage impacts from the proposal. 

i. The Department notes that applying a systematic risk 
assessment incorporating numerical values and a 
clear methodology to environmental values relating to 
matters of national environmental significance 
(MNES) habitat would help to better develop the 
proponent’s management strategies, e.g. those 
developed by the Western Australia Department of 
Water and Environmental Regulation (DWER 2017). 

Noted. The Proponent has consulted extensively with DWER who have approved the Proponent’s Framework 
for Environmental Management including the proposed provisions for the Inland Waters objective.   
 
The assessment table (EMP Table A2) considers groundwater dependant vegetation within the Development 
Envelope to be of very low management level given the current degraded / poor state;  the extent of potential 
clearing; and the potential of any indirect impacts.  
 
No direct or indirect impacts to groundwater dependent riparian vegetation of SMC (north of Development 
Envelope) are predicted.  The stressor, pressure, receptor (SPR) assessment for groundwater dependant 
riparian vegetation of SMC (north of the Development Envelope) considered no direct impacts but potential 
indirect impacts; the potential for indirect impacts has been considered in the event that the hydrogeological 
model is not correct and thus provides a conservative assessment.  The risk framework (presented in EMP 
Tables A1 and A2) assesses the consequences and scenarios if direct or indirect impacts were to occur 
(however, no direct or indirect impacts to GDEs north of the Development Envelope are anticipated).  Given 
the low environmental values associated with the GDE quality and extent in this area, and because modelled 
potential indirect impacts do not extend to the area north of the Development Envelope, the management 
level was assigned a low status.  If modelling indicated indirect impacts may extend north of the Development 
Envelope, the management level would have been higher.     
 
Provisions for MNES fauna has been assessed within the framework and management provisions for high value 
foraging habitat (Ratty Springs and Doggers Gorge), moderate value foraging habitat (ephemeral pools) and 
low value habitats (riparian vegetation within Development Envelope).  No indirect nor direct impacts are 
predicted to occur outside the Development Envelope.  
 

ii. The Department further notes that where 
uncertainties are present, that the risk assessment 
should follow the precautionary principle and use the 
highest reasonable criteria (e.g. loss of Olive Python 
habitat, as discussed in Paragraph 2, should be 
assessed as ‘possible’ rather than ‘unlikely’). 

The Proponent notes DAWEs comments.   
 
The assessment of likelihood presented in the EMP is the likelihood of impacts being greater than those 
predicted.  The Proponent considers it unlikely that the impacts to Pilbara Olive Python habitat will be greater 
than those predicted in the ERD.   
  
Modelling results indicate that, as Western Range surface water fed gorge pools are relatively small, they do 
not require the full catchment to remain intact in order to fill and they are still expected to receive enough 
surface water run-off for pools to remain persistent.  All three surface water gorge pools that currently hold 
persistent water are predicted to retain persistent water post mining.  Significant habitats within and 
immediately outside the Development Envelope (Ratty Springs and Doggers Gorge groundwater fed pools) and 
their associated riparian vegetation are identified as the key environmental values to be prioritised for 
monitoring and management to ensure high value MNES fauna habitats remain within the local area.  No 
impacts are predicted to groundwater fed Gardagarli (Ratty Springs) and Gurungu (Doggers Gorge), as a result 
of the Proposal.   
 
Although impacts are not anticipated to be greater than predicted, the Proponent recognises the habitat value 
of persistent pools to MNES fauna and has committed to a rigorous monitoring program of the key persistent 
surface water fed gorge pools for water quality and surface water levels, groundwater monitoring for level and 
water quality, and riparian vegetation monitoring (Table 2-6 and Table 2-7 of the EMP).  Monitoring is focussed 
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on the most significant pools which are likely to provide higher value habitat for MNES species at Western 
Range due to the persistence of water in these pools.   
 
The Precautionary Principle is adhered to within the EMP framework design.  This includes an adaptive 
management approach to ensure environmental values (including MNES) are adequately monitored and 
managed.  Management values have been assigned based on likelihood, consequence, extent, and duration of 
potential impacts; where high value foraging habitat for MNES fauna exists e.g., Ratty Spring and its associated 
riparian vegetation, management provisions focus on monitoring and protecting of these high value habitats 
for MNES species.  
 

11. The Department considers that the monitoring outlined in the EMP may not adequately capture impacts on groundwater and GDEs from mining activities. 
a) The EMP states that an early response criteria for 

groundwater levels in Ratty Springs will be set at 
358 metres Australian Height Datum (mAHD) 
during wet season monitoring or when “trends 
are significantly below that of historic trends” (Rio 
Tinto 2020c, p. 27). This will be assessed through 
monitoring from two bores on a quarterly basis 
(Rio Tinto 2020c, p. 27). 

i. The Department notes that no trigger or threshold 
criteria specifically relating to groundwater levels or 
quality in Ratty Springs or SMC have been listed in the 
EMP (see Paragraph bii). 

Trigger and threshold values specifically relating to groundwater levels or quality in Ratty Springs or SMC are 
not listed in the EMP because long term (2001 - 2019) groundwater monitoring upstream of Ratty Springs has 
shown stable fluctuations between 360 and 358 mRL representing seasonal variation with no identified impact 
as a result of existing mining operations.  Therefore, an observed reduction in groundwater levels below 
358 mAHD is considered to be a conservative representative for early response criteria (EMP Appendix 3).   
 
Trigger and threshold provisions have been provided to confirm no impact associated with the Proposal to 
MNES fauna habitat of Ratty Springs and Doggers Gorge; these provisions focus on decreases in pool surface 
water levels and impacts to vegetation (significant declining trend in Modified Soil Adjusted Index (MSAVI)).  
The proposed trigger and threshold provisions provide a direct measure of potential impact to the MNES 
habitat value.  Water quality and additional surface water level monitoring are included as supporting 
provisions to trigger and threshold criteria.    
 
The Proponent has implemented an adaptive management process within the EMP framework (Appendix 1) 
(as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological regime are 
met. Should updates to groundwater models require changes to the management actions for Inland Waters 
(which also consider potential impacts to MNES) as detailed in the EMP, the Proponent will update the EMP in 
consultation with regulators, as appropriate.   
 

ii. The Department considers that a groundwater trigger 
is also required for the dry season, as this will be 
when GDEs will be most stressed. 

Long term (2001 - 2019) groundwater monitoring upstream of Ratty Springs has shown stable fluctuations 
between 360 and 358 mRL representing seasonal variation and no identified impact as a result of mining.  
Therefore, an observed reduction below 358 mAHD is also considered to be appropriate as a dry season early 
response criterion (Appendix 2). 
 
Further, the Proponent has implemented an adaptive management process within the EMP framework 
(Appendix 1) (as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological 
regime are met. Should updates to groundwater models require changes to the management actions for Inland 
Waters (which also consider potential impacts to MNES) as detailed in the EMP, the Proponent will update the 
EMP in consultation with regulators, as appropriate.   
 

b) Similarly, an early response criteria has been set 
for groundwater levels in SMC, where the criteria 
is “a decline in water levels outside that of natural 
variation” and this will be assessed on a quarterly 
basis (Rio Tinto 2020c, p. 30). 

i. The natural variation for the groundwater levels in 
these bores has not been provided in the EMP. 

Noted. The Proponent has updated the EMP to include data provision for monitoring bores; Figure A-5 (EMP 
Appendix 3) presents 2021 observed groundwater contours for the areas of SMC and Pirraburdu Creek 
(Appendix Figure A-5).  Figure A-6 has been included within the EMP and present data trends (and natural 
variability) within bores proposed to be monitored.   
 
These bores will continue to be monitored prior to and during construction to collect further baseline data that 
will be included within the adaptive management process; monitoring and management will continue in 
accordance with the EMP provisions when the Proposal is implemented. 
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ii. The EMP identifies three monitoring bores in SMC 
which will be used to monitor groundwater levels (Rio 
Tinto 2020c, p. 61). It is not clear whether these bores 
are existing or proposed. If they are proposed, the 
Department notes that the natural variation in 
groundwater levels will not be ascertained prior to the 
proposed extension. Alternatively, if the monitoring 
bores already exist, the proponent should provide the 
historic data to indicate the expected natural 
variation. 

The three monitoring bores in SMC identified to monitor groundwater levels are existing bores.  The 
Proponent has updated the EMP to include drill details of these bores (Table A-6).  Figures A-6 and A-7 have 
also been included within the EMP and present data trends (and natural variability) within bores proposed to 
be monitored.   
 
These bores will continue to be monitored prior to and during construction commencing to collect further 
baseline data that will be included within the adaptive management process; monitoring and management will 
continue in accordance with the EMP provisions when the Proposal is implemented. 
 
 

c) The Department notes that groundwater impacts 
are expected upstream in SMC and, as such, one 
groundwater monitoring bore is located upstream 
of the development envelope. 

i. However, the Department considers that monitoring 
bores further downstream (e.g. within and outside the 
development envelope) would support the 
proponent’s assertion that impacts on groundwater 
and associated ecosystems will be minimal. 

The GDE’s downstream in SMC are of moderate dependence to groundwater, the majority in poor to degraded 
condition with vegetation historically altered/augmented as a result of direct disturbance from existing mining 
operations, presence of weeds, and vegetation augmentation as a result of surplus water discharge.  These 
values represent low quality foraging value for MNES fauna.  There are no groundwater fed pools downstream 
of the Proposal within SMC.  Surplus discharge water quality and quantity will be regulated under Part V of the 
WA EP Act and associated licence conditions with water quality testing undertaken and reported in accordance 
with associated licence conditions from licensed discharged points.  Remote sensing will be undertaken in areas 
of SMC downstream (within and outside of the Development Envelope) for reference; if changes are identified 
these will be investigated.   
 
The Proponent’s Inland Water trigger and threshold criteria relate to the environmental outcome and values 
directly; riparian vegetation, groundwater fed pools and surface water fed ephemeral gorge pools.  This 
framework/approach was developed in consultation and has been agreed with by DWER.  Supporting indicators 
such as water quality and/or levels have been included should further lines of evidence (weight of evidence) 
be relevant, especially during the early stages of the Proposal where limited baseline information may be 
available to ‘support’ the environmental values.  The Proponent considers that provisions provided in the EMP 
to identify potential impacts to valuable habitats for MNES fauna to be appropriate.  
 

ii. The Department further notes that, whilst 
acknowledging that the proponent has not predicted 
any impacts, due to the uncertainties outlined in 
Paragraphs 1-4, groundwater monitoring should be 
undertaken in Pirraburdu and Six Mile creeks. 

Noted. The Proponent’s EMP has been updated to include available bore monitoring locations to inform the 
natural variability in local groundwater levels.  This includes monitoring of bores located within Pirraburdu 
Creek (Ratty Springs) (bore 99RS01 and bore 99RS02) for groundwater levels assessed on a quarterly basis 
(Table A-4).  
 
Bores within Six Mile Creek (MB18WR0004 & CAIRN Hill Bore) will be monitored to provide supporting and 
reference data to inform local groundwater trends.   
 

12. The Department considers that insufficient information has been provided in the EMP, and other documents, regarding the discharge regime of surplus water into creeks and pits. 
a) As discussed in Paragraph 2, pits 14W, 11W and 

23E have been identified as potential storage pits 
for surplus water. The ERD states that 11W and 
14-16W are the most suitable pits with the 
capacity to receive the full volume of water from 
dewatering activities (Rio Tinto 2020b, p. 229). 
This is likely to cause groundwater mounding 
below the pits and increasing groundwater flow to 
the south (SKR 2018a). While the ERD discusses 
the possibility of storing surplus water in pits 11W 

i. Clarification on the use of these pits for surplus water 
storage is required to further understand the 
potential impacts of the surplus water on surface and 
groundwater systems. 

The Proponent will implement a hierarchy of water use with storage in pits proposed to avoid or minimise 
discharge to creek lines where practicable.  Mitigation, operational use, storage, and non-mine use will be 
considered prior to discharge.   
 
It should be noted that Pit 14W has been removed from the Proposal and disposal is not proposed at 23E.   
 
The Paraburdoo Water Storage/Infiltration Assessment (SRK 2018a) identified the minimum daily discharge 
capacity that Pit 11W can accommodate is 5.1ML/d; this equates to 1.86 GL/a which is greater than the 
maximum 1.7GL/a of potential surplus water discharge required under the Proposal.  In the unlikely event 
that all surplus water was directed to pit 11W, it is not anticipated to have a significant impact on MNES 
habitat.   
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and 14-16W, it is not clear what proportion of the 
total surplus water will be stored here, or whether 
water will be preferentially stored here or 
discharged to the creeks. Furthermore, storage in 
these pits is not mentioned in the EMP. 

Table 2- Maximum continual discharge into Pit 11W per day 

Pit K=0.1 m/d K=0.5 m/d K=1 m/d 
ML/d ML/d ML/d 

11W 5.1 25 50 
 
The assessment identified groundwater to be naturally approximately 20m below Pit 11W (SRK 2018a).  The 
main seepage flow is expected to occur towards the south-east; a low permeability aquitard unit will limit 
groundwater flow to the north from mounding.  The low permeability Whaleback Shale (within the Brockman 
Iron Formation) will reduce the risk of groundwater expression from pit 11W in surface drainage lines to the 
south.  The persistent groundwater-fed pools and high value MNES habitat of Gardagarli/Ratty Springs Ratty 
Springs is the most significant environmental feature in the vicinity, located approximately 1.8 km to the 
west-north-west of pit 11W; water infiltration at Pit 11W is not anticipated to move towards Gardagarli/Ratty 
Springs or significantly impact MNES habitat of Pirraburdu Creek to the east/south-east.  
 
Prior to implementing in-pit disposal of surplus water, the Proponent will undertake an analytical assessment 
to further characterise the geology and storage capacity of the pits to ensure discharge has no detrimental 
impact on the underlying aquifer. Further, discharge water quality and quantity will be regulated under Part V 
of the WA EP Act and associated licence conditions.  Water quality testing will be undertaken and reported in 
accordance with associated licence conditions from licensed discharged points.  In addition, water quality will 
also be monitored in accordance with the EMP at potential MNES foraging habitat at Key groundwater pools, 
Ratty Spring, and Doggers Gorge.  The Proponent will also implement an adaptive management process 
within the EMP framework.   
 

b) As noted in Paragraph 8, the proponent has only 
provided the maximum discharge rates into 
Pirraburdu Creek (1.7 GL/a) and SMC (0.8 GL/a) 
and has not indicated how discharge will be 
managed in relation to flow conditions in each of 
these creeks. (Rio Tinto 2019b, p. 228; Rio Tinto 
2020c, p. 50). 

i. The proponent should specify a detailed discharge 
regime in the EMP which outlines the rate of 
discharge under various flow conditions, as well as 
subsequent cease to discharge triggers and 
management procedures. 

The Proponent notes that peak discharge will generally occur during wet season months (following rainfall 
events) when dust suppression requirements are reduced i.e. lower water usage, and when natural stream 
flow conditions are occurring, and operational water storage capacity is exceeded.  It is difficult to plan a 
discharge regime as discharge is impacted by seasonal usage, mine stage development and mine operational 
demand.   
 
Hence the Proponent has conservatively assessed the maximum discharge rates to quantify a worst-case 
scenario for the impact assessment.  This is consistent with the impact assessment for other Environmental 
Factors and with EIA for other projects.  The EMP includes monitoring and suitable triggers and thresholds to 
protect the riparian vegetation and associated MNES fauna habitats associated with creeks that may receive 
surplus discharge. 
 
Discharge water quality and quantity will be regulated under Part V of the WA EP Act and associated licence 
conditions.  Water quality testing will be undertaken and reported in accordance with associated licence 
conditions from licensed discharged points.  In addition, water quality will also be monitored in accordance 
with the EMP at potential MNES foraging habitat at Key groundwater pools, Ratty Spring, and Doggers Gorge.  
The Proponent will also implement an adaptive management process within the EMP framework.   
 

13. From the information provided, it is unclear if the extent and frequency of surface water quality and level monitoring indicated in the EMP, will adequately capture impacts on surface water from mining activities. 
a) The EMP proposes bi-annual in-field testing of 

physiochemical parameters (pH, temperature, 
conductivity and oxygen) and annual sampling of 
hydrochemical parameters (total suspended 
solids, total dissolved solids, nitrate, phosphorous, 
major ions and metals) will be conducted in: 
Western Range Gorges (G7 & G10); Eastern Range 

i. The proponent has not indicated that any water 
quality testing will be undertaken in SMC, Six Mile 
Creek or Pirraburdu Creek. Thus, there are no early 
response or trigger criteria related to water quality in 
these creeks. The Department considers that regular 
testing of these creeks (upstream and downstream) is 

As SMC, Six Mile Creek and Pirraburdu Creek are all ephemeral, surface water quality monitoring will be 
undertaken at the licensed surplus discharge outlets.  
 
Discharge water quality and quantity will be regulated under Part V of the WA EP Act and associated licence 
conditions.  Water quality testing will be undertaken and reported in accordance with associated licence 
conditions from licensed discharged points.  This will include monitoring of surplus water discharge to SMC, 
Pirraburdu Creek (if undertaken) and Six Mile Creek (if undertaken).  Current discharge licence conditions 
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Pool 4 (ERP4); Ratty Springs; and Doggers Gorge 
(Rio Tinto 2020c, p. 29). 

necessary for identifying impacts from the discharge 
of surplus water on water-dependent ecosystems. 

(Paraburdoo Prescribed Premises Licence (L5275/1972/12)) require monitoring of the following parameters on 
a quarterly basis (when discharging): 

• pH, TSS, TDS, TRH, chemical oxygen demand, major ions (Na, K, Ca, Mg, Cl, CO3, HCO3, SO4, NO3), metals 
and metalloids (Al, B, Fe, Cu, Zn, Ag, As, Cr, Pb, Cd, Hg, Ni, Sn, Mn, Mo) 

 
In addition, water quality will also be monitored in accordance with the EMP at potential MNES foraging habitat 
at Key groundwater pools, Ratty Spring, and Doggers Gorge.  The Proponent will also implement an adaptive 
management process within the EMP framework.   
 
The Proponent considers appropriate management and monitoring has been provided in the EMP for key 
receptors including persistent and semi-persistent gorge pools at Western Range (surface water fed), Eastern 
Range (surface water fed), Ratty Springs (groundwater fed) and Doggers Gorge (groundwater fed).  This 
includes monitoring of water levels and vegetation condition parameters.   
 
Note that supporting water quality monitoring proposed in the EMP includes:  

• Bi-annual in-field testing of physiochemical parameters (pH, temperature, conductivity and oxygen) 
and annual sampling of hydrochemical parameters TSS, TDS, Nitrate, Phosphorus, Major Ions (Na, K, 
Ca, Mg, Cl, CO3, HCO3, SO4), Metals (Al, B, Fe, Cu, Zn, As, Cr, Pb, Cd, Hg, Ni, Se, Mn) at Western Range 
Gorges (WR01-W01, WR01-W03, WR01-W06) Eastern Range Pools (ERP3 & ERP4), Ratty Springs and 
Doggers Gorge. 

• Continuous monitoring with quarterly data and photo analyses of pool surface water level monitoring 
at Western Range surface water fed pools (WR01-W01, WR01-03, WR01-06), and Eastern Range 
surface water fed pools (ERP3& ERP4).   

 
Further, the Proponent’s GWOS (required under licence requirements of the RiWI Act) requires annual water 
quality sampling and quarterly basic field parameters (pH, temp, EC) on active production bores.  Production 
bores are located near SMC associated with dewatering of Pit 4E.  The results are presented in the Annual 
Aquifer Reviews submitted to the DWER (Water) annually and are part of capturing the Proponent’s 
requirements for managing borefields/resources covered by existing groundwater licenses.   
 

b) The proponent has committed to monitoring 
surface water levels at pools within the 
development area at Ratty Springs, Doggers 
Gorge, Western Range Gorges (G7(1), G7(7), 
G3(3), G3(10) and Eastern Range Pools (ERP3 & 
ERP4). Water quality would then be assessed on a 
quarterly basis (Rio Tinto 2020c, pp 19, 28-29). 
The Department notes that the proponent has not 
suggested an environmental outcome, nor any 
early response or threshold criteria in relation to 
the Western Range pools. 

i. As discussed in Paragraph 5, the Department 
considers that these pools may represent better than 
‘moderate’ habitat quality, particularly for the Pilbara 
Olive Python. The proponent should monitor water 
level and quality in all six permanent and semi-
permanent pools which have been identified as likely 
to be impacted by loss of catchment. It would be 
prudent for the proponent to provide a robust 
environmental outcome to the effect of retaining this 
habitat for MNES fauna, and early response and 
threshold criteria provided to meet this outcome. 

Noted.  
 
A single Pilbara Olive has been recorded within the Development Envelope at Seven Mile Creek in 2011 (Astron 
2018c) and another sighted near Howie’s Hole at Channar approximately 1.5 km east of the Development 
Envelope in 2018. However, the Proponent acknowledges that permanent or persistent waterbodies in the 
Pilbara landscape support higher value habitat for fauna species.  The Proponent has amended the EMP and 
ERD to reflect that key (persistent) surface water fed pools at Western Range provide moderate to high value 
habitat for Pilbara Olive Python.  The EMP has allowed for criteria and supporting mechanisms to manage these 
habitats, including development of management criteria once sufficient baseline data has been collected in 
accordance with the adaptive management process. 
 
Surface water fed pools 
Modelling results indicated that, as surface water fed gorge pools are relatively small, they do not require the 
full catchment to remain intact in order to fill.  Reduced catchments will reduce the frequency with which the 
pools receive replenishing runoff; however, they are still expected to receive enough run-off for pools to remain 
persistent.  Modelling has confirmed that as the gorge pools are relatively small, they do not require the whole 
upstream catchment to be maintained and instead rely on the runoff from localised catchments for 
replenishment.  All three surface water fed gorge pools that currently hold persistent water at Western Range 
are predicted to retain persistent water post mining.   
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The management and monitoring program (EMP Table 2-6) proposed for the surface water fed pools of the 
Western Range gorges is linked to ensure that impacts to the potential persistent pools are not greater than 
predicted, taking into account that some minor impacts are predicted to occur.  Monitoring of persistent 
surface water fed gorge pools includes water quality and surface water levels; this will enable the Proponent 
to identify potential changes associated with the Proposal (which are also relevant for MNES, including the 
Pilbara Olive Python).  These monitoring parameters are proposed given limited long term baseline data is 
available; potential management criteria for surface water fed pools will be considered through the adaptive 
management process within the EMP once sufficient baseline data becomes available.   
 
Groundwater fed pools 
Significant habitats within and immediately outside the Development Envelope (Ratty Springs and Doggers 
Gorge groundwater fed pools) and their associated riparian vegetation are identified as the key environmental 
values to be prioritised for monitoring and management to ensure high value fauna habitats remain within the 
local area and the EPA Inland Waters objective is met.   
 
Supporting monitoring parameters (Table 2-6) have been established to inform trigger and threshold 
monitoring for the identified environmental value indicators for which criteria has been established; that is to 
inform of seasonal/temporal trends.  Supporting monitoring parameters are proposed given limited long term 
baseline data is available.   
 
The Proponent has implemented an adaptive management process within the EMP framework (Appendix 1) 
(as agreed with DWER) to ensure the Inland Waters EPA objective to maintaining the hydrological regime and 
water quality are met.  Should data collected change criteria or management for the Inland Waters EPA 
objective (thus also considering MNES fauna provisions) the Proponent will update the EMP accordingly, as 
appropriate.  This will include consideration of potential management criteria for surface water fed pools once 
sufficient baseline data becomes available.    
 

c) The Department commends the proponent for the 
thorough 2019 Surface Water Quality report 
provided, especially the recommendations listed 
therein (Rio Tinto 2019c). Although water quality 
monitoring has been undertaken in some 
locations since 2003, the Department is 
concerned that much of this monitoring has been 
intermittent, with gaps of years in some locations 
(Rio Tinto 2019c, p. 8). 

i. Regular monitoring would enable the proponent to 
establish a baseline for water quality, identify changes 
in quality and support their assertions, noted 
elsewhere, that impacts on surface water will be 
minimal. Surface water monitoring points should be 
established downstream and upstream (for 
comparison) of discharge points in SMC, Pirraburdu 
Creek, and Six Mile Creek. 

The Proponent acknowledges the intermittent sampling of surface water.  The frequency of surface water 
monitoring is constrained by the ephemeral nature of Pilbara waterways which leads to the variation between 
wet and dry seasons.  As SMC, Six Mile Creek and Pirraburdu Creek are all ephemeral, surface water quality 
monitoring will be undertaken at the licensed surplus discharge outlets.  The Proponent will consider 
opportunities for opportunistic sampling at upstream locations in SMC, Pirraburdu Creek and Six Mile Creek.  
 
Discharge water quality and quantity will be regulated under Part V of the WA EP Act and associated licence 
conditions.  Water quality testing will be undertaken and reported in accordance with associated licence 
conditions from licensed discharged points.   
 
Discharge water quality and quantity will be regulated under Part V of the WA EP Act and associated licence 
conditions.  This will include monitoring of surplus water discharge to SMC, Pirraburdu Creek (if undertaken) 
and Six Mile Creek (if undertaken). Water quality testing will be undertaken and reported in accordance with 
associated licence conditions from licensed discharged points.  In addition, water quality will also be monitored 
in accordance with the EMP at potential MNES foraging habitat at Key pools, Ratty Spring, and Doggers Gorge.  
The Proponent will also implement an adaptive management process within the EMP framework.   
 

ii. The report identified trends in water quality, including 
increasing trends in salinity and some major ions in 
SMC (e.g. magnesium rising from approximately 90 
mg/L to 300 mg/L), high nitrate levels at Joe’s Crossing 
(median of 14 mg/L compared with 1.5 mg/L 
upstream at the SMC monitoring site), and higher 

Noted. 
 
The Proponent has instigated an investigation into nitrates recorded in the surface water at Joe’s Crossing with 
an additional analytical suite having been sampled to improve the understanding of the cause.  It is noted that 
nitrate levels at Joe’s Crossing have decreased since 2011.  This investigation is ongoing.  It is also noted that 
Ratty Springs (upstream of mining activities) had the highest nitrate concentrations of the locations sampled; 
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proportions of magnesium in Kelly’s Pool. The 
Department considers that these trends may be due 
to mining activities (such as the current authorised 
surplus water discharge) and should be further 
investigated. 

this reflects the natural variation in analyte values between wet and dry seasons in the Pilbara associated with 
pooling and evaporation post stream flow events.   
 
Recent data for SMC demonstrates there is not a long-term trend in increasing salinity or major ions.  It is also 
noted that the sample point (SMC) is located 1.5km south of the town of Paraburdoo and nearly 5km upstream 
of the mine and is immediately downstream of the confluence of Tableland Creek, Bellary Creek and other 
tributaries into SMC; therefore the anomalous data is not due to mine impacts.  The unusual data value was 
noted to have been collected during the dry season, when there was no surface flow.  This supports the natural 
variation in analyte values between wet and dry seasons in the Pilbara associated with pooling and evaporation 
post ephemeral stream flow events.   
 
Similarly, Kelly’s Pool is located north of the Paraburdoo mine site upstream of current discharge points; 
however, it has been affected from historic mining and grazing.  Kelly’s Pool has only been sampled since 2018 
onwards so data is limited to three samples. The Proponent has committed to ongoing opportunistic 
monitoring of Kelly’s Pool.   
 
Riparian vegetation in areas of SMC, Kelly’s Pool and Joe’s Crossing is mapped as being in Poor and Degraded 
condition and low quality foraging and dispersal habitat for MNES species.    
 

iii. The Department considers that all the 
recommendations in this report (Rio Tinto 2019c, p. 
17) should be implemented by the proponent. 

The Proponent acknowledges DAWE’s recommendations.  
 
The following recommendations have been implemented: 

• Opportunistic sampling of pit lakes in 4E, 4W and 11W is completed if/when water is present  
• Opportunistic (i.e. when water is present) sampling of Python Pool (23EBP1) 
• Investigation has commenced into the elevated nitrate concentrations at Joe’s Crossing.  This 

investigation is ongoing.   
 

The following recommendations will be implemented: 
• Continued sampling of Western Range pools 
• Pirraburdu Springs monitoring sites to be included in the monitoring program 
• Review and alignment of surface water analytical suite across studies and regional monitoring   
• Opportunistic monitoring of Kelly’s Pool will be undertaken; however, due to the existing disturbed 

nature of Kelly’s Pool from historic mining and grazing, the monitoring will not be used as baseline 
data.  Kelly’s Pool is upstream of current discharge points and is not anticipated to be impacted by the 
Proposal.   
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Attachment 1 – Western Range Feasibility Study Hydrology and Hydraulics Investigation (Rio Tinto 2021b) 
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Attachment 2 – 2021 observed groundwater contours (Figure A-5 of EMP).   
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Attachment 3 – Paraburdoo Acid Mining Drainage (AMD) Risk Assessment (RTIO, 2019b)  
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Attachment 4 – Eastern Range Acid Mining Drainage (AMD) Risk Assessment (RTIO, 2019a) 
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Attachment 5 – Western Range Acid Mining Drainage (AMD) Risk Assessment (RTIO, 2019f) 
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Attachment 6 – Water quality values for dewatering bores from 2001 to 2021 (where available) 
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Attachment 7 - Seven Mile Creek (Rio Tinto satellite imagery 2021) 
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Attachment 8 - Seven Mile Creek (Rio Tinto satellite imagery 2021) 
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Attachment 9 - Seven Mile Creek (winder context) (Rio Tinto satellite imagery 2021) 
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