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 Groundwater Levels and Flows

Groundwater flows across the Revised Development Envelope in a concentric radial manner towards the

Fortescue Marsh, where the groundwater system terminates (Figure 50 and Figure 51; GHD, 2018).

The depth to groundwater within the Mine area ranges from 46mbgl on high ground to 8mbgl in areas adjacent

to drainage lines, in the southwest of the mine leases.  Groundwater level monitoring indicates that the levels

across the Revised Development Envelope are generally stable (MWH, 2015). Drilling results indicate that the

average groundwater depth across the Mine is approximately 35mbgl.  

Monitoring in bores in the vicinity of the SWIB indicate that groundwater depths range generally between 14 to

17mbgl.  The depth to groundwater within the Remote MAR Borefield is around 5-10mbgl and is generally stable

with only small seasonal variations (GHD, 2018).  Depth to groundwater within the Southern Borefield is deeper,

being greater than 20mbgl.

Groundwater level monitoring undertaken during operational dewatering showed expected drawdown resulting

from pit dewatering (GHD, 2018).  Groundwater level monitoring results at bores in the vicinity of the boundary

of the Mine area indicate:

 Groundwater level declines, in the order of 1 – 2m at the northern lease boundary, in association with Zulu

pit dewatering.

 Groundwater level rises in the order of 2m at the north-west lease boundary due to groundwater mounding

from the TSF. 

 Groundwater levels in the majority of monitoring bores along western lease boundary responded to rainfall

recharge events in early 2017 and early 2018.  

 No significant change in groundwater levels at the southern boundary occurred and delayed and subdued

responses to rainfall recharge events were noted. 

Minor drawdown is shown within the Stage 1 Borefield area with a maximum 2m groundwater level difference

between June 2015 and June 2018.  Minimal abstraction from the Stage 1 Borefield during 2018 has allowed the

groundwater levels to recover from the 8m of drawdown reported in the 2016-2017 water year.
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Figure 50: Groundwater depth contours and EC
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Figure 51: Depth to Water Table



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 204 of 304

 Groundwater Quality

The primary aquifer in the Mine area is associated with permeable zones developed in channel, detrital and

bedded iron deposits associated with the Nammuldi Member of the Marra Mamba Iron Formation. 

Groundwater monitoring commenced at the Mine in 2007 to gather baseline.

Samples obtained from the production and monitoring bores located in the Mine area confirm the groundwater

quality to be alkaline, and generally brackish to hypersaline. A salt water interface, emanating from the

Fortescue Marsh, has been observed to exist in the alluvial-detrital sequence and the underlying Nammuldi

Member, below approximately 370m AHD. Table 4-40 summarises the existing groundwater quality data.  Saline

groundwater (47,000-67,000mg/L TDS) occurs near the surface to the southwest of the Mine area near the

Fortescue Marsh.

Salinity data suggests the full saturated profile beneath the Fortescue Marsh is hypersaline and the interface

dips gradually towards the north (and south).  A wedge of fresh water (shallow water table aquifer) resides on

top of this interface, however does not extend to the Fortescue Marsh.  It is uncertain what average “source”

TDS is appropriate for the saline water beneath the Fortescue Marsh, however a source concentration of

100,000mg/L (hypersaline) has been assumed. The shape of the saline interface is a result of several factors

which include hydro stratigraphic connectivity and total-pressure gradients resulting from topographic and

density effects and dispersion.  Laterally the saline interface is not a sharp transition but a progressive transition

over kilometre scale. Vertically there can be sharp transitions due to strong vertical control exerted by the

stratigraphy.

Salinity, measured as EC spatially varies and generally increases with depth and with proximity to the Fortescue

Marsh. The presence of hypersaline groundwater leads to a wedge-shaped transitional zone beneath the

relatively fresh groundwater in the aquifers extending to the Fortescue Marsh. 

Concentrations of major and minor ions and their proportions under natural conditions are a function of

processes occurring in the geologic materials (i.e. dissolution, precipitation, ion exchange), groundwater flow,

recharge and discharge and interaction with surface water, however the dominant effect is the mixing of

recharge water and saline water around the saline interface. Movement of the interface due to changes in

hydrodynamic conditions over geological time periods can result in a complex chemical distribution that is

constantly in a dynamic state, albeit the dynamics are extremely slow. Development of groundwater chemistry

at the Mine has occurred under pH-neutral conditions (average field and lab measured pH is 7.1 and 7.7

respectively), and fairly warm temperatures (average field temperature is 29.5oC). The groundwater quality of

the four geological units (alluvium, detrital, Nammuldi and Jeerinah) are detailed in Table 4-40 and shown in

Figure 52 to Figure 58.

 



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 205 of 304

Table 4-40: Ground water quality of the four geological units found in the Mine area

Geological

Unit

Groundwater Quality

Alluvium EC of shallow groundwater is generally low with a number of samples having EC less than 2,000 µS/m

while other samples in the Mine are in the range of 2,000 to 5,000µS/m (Figure 52). A sample from

the Marsh, from its shallowest horizon also suggests fresh water condition (less than 2,000µS/m).

These relatively low concentrations represent active recharge, either diffuse or along creek lines.

There is a group of several monitoring bores to the west of the Stage 1 borefield and close to the

Fortescue Marsh in which higher concentrations occur (50,000 to 100,000µS/m), unlike in the Stage

1 borefield which has a relatively fresh range of concentrations. 

 

Hydro chemical composition of major ions is suggestive of dominance of sulphate in the Mine area

and chloride in areas closer to the Marsh. Sulphate is indicative of oxidation of sulphides in the

Mine area. Sulphate and chloride exceed bicarbonate concentrations indicating that groundwater

picks up residual salinity along its flow path, a process which may mask the recharge, bicarbonate-

dominant, signature of these samples. Alluvium samples in the Mine area typically have no

dominant cations, however sodium is dominant in the samples from the floodplains and Marsh

areas. 

Ion composition plots shown in Figure 53 are expressed in milliequivalents and can be used to directly

derive their hydro chemical signatures, i.e. Na-SO4 or Ca-Mg-SO4 in the Mine area and Na-Cl in the

Fortescue Valley.

Detrital Salinity of Tertiary detritals is generally low, similar to other shallow aquifer samples (Figure 54).

There is, however a spatial pattern on the western boundary of the Mine where bore samples

indicate hypersaline signatures. The samples closest to the Fortescue Marsh have concentrations in

excess of 100,000mg/L. 

In contrast the Tertiary detrital samples from the Fortescue Valley, in the Remote MAR Borefield area,

have relatively fresh signatures, around 5,000µS/m. 

 

Hydro chemical signatures are similar to other shallow aquifer samples (alluvium) indicating that both

groups undergo similar hydrogeochemical processes (Figure 55). Three distinct groups can be

delineated spatially based on dominance of major ions:

 Mixed hadrochemical signatures in the Mine area to be dewatered, with occasional slight

dominance of sulphate as major anion and calcium or magnesium as major cations. 

 Sodium chloride signature in areas proximal to the Fortescue Marsh and some samples in

the Remote MAR Borefield area. 

 Calcium bicarbonate signature in two samples in the Remote MAR Borefield area,

reflecting dissolution of the calcrete layer. 

 

Nammuldi 

Member 

In general groundwater salinity in elevated areas is low (Figure 56), within the 2,000 or 2,000 to

5000µS/m ranges suggesting that dewatering output would be low salinity water. A distinct grouping

of hypersaline samples is evident in the SWIB area, indicating the potential proximity to the saline

wedge in this area. 

 

Hydro chemical signatures (Figure 57) often suggest slight dominance of calcium, and in some cases

magnesium over other cations and sulphate or in fewer cases chloride over other anions. A few

samples also show bicarbonate dominance in the SWIB and west of Marble Bar Road.

 

Jeerinah 

Formation 

This group contains samples described as Jeerinah Formation which in some cases are probably

Wittenoom Dolomite samples, as well as dolomite samples from the Remote MAR Borefield area. The

samples of this group are likely to reflect the spatial distribution of the saline wedge extending from

the footprint of the Fortescue Marsh. Groundwater salinity of this group varies widely from relatively

fresh signatures along the upslope perimeter of the Mine to hypersaline in the SWIB area and around
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the Fortescue Marsh (Figure 58). Groundwater salinity freshens away from the Fortescue Marsh, to

the south-east in the Remote MAR Borefield area, with EC values in the range of less than 2,000 up

to 5,000µS/m. 

 

Since this group represents a relatively deep groundwater with longer residence times, the hydro

chemical signatures reflect this residence-time driven maturity with dominant sodium chloride water

types masking the natural dolomite carbonate signature (Figure 59).

 

Groundwater nitrate concentrations are available from the Mine area. Nitrate in this area may include naturally

occurring nitrate but also nitrate from explosives used in mining. There is an indication of a concentric pattern

in nitrate spatial distribution (Figure 60). Lower nitrate concentrations (up to 20mg/L) are found on the

perimeter of the Mine tenement while higher nitrate concentrations (20 to 45mg/L) generally tend to be found

closer to the centre. 

Concentrations above 45mg/L are infrequent and mainly in the centre of the tenement, with an occurrence also

in the SWIB.
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Figure 52: EC Distribution in Alluvium 
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Figure 53: hadrochemical signature in Alluvium 
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Figure 54: EC Distribution in Detrital 
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Figure 55: hydro chemical signature in Detrital 
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Figure 56: EC Distribution in Marra Mamba Formation (Nammuldi) 
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Figure 57: hadrochemical signature in Marra Mamba Formation (Nammuldi) 
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Figure 58:  EC Distribution in Jeerinah Formation
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Figure 59:  hydro chemical signature in Jeerinah and Wittenoom Formations
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Figure 60:  Nitrate Concentrations in groundwater
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In the Southern Borefield salinity increases from slightly brackish (about 2,500µS/cm) to moderately brackish

(about 5,250µS/cm) as it travels through the aquifer from south to north (Managed Recharge, 2018). The

groundwater salinity in the Remote MAR Borefield is notably higher than that found in the Southern Borefield

to the south, with EC measured between 26,600 and 36,600S/cm, increasing with depth in RHPZ0044. The

northern site of the Fortescue River has a lower salinity (about 15,000S/cm), although still elevated relative to

the Southern Borefield. The sharp contrast in groundwater salinity suggests this siliceous fractured-rock aquifer

(Figure 48 and Figure 49) is hydraulically isolated from the weathered dolomite aquifer.

4.6.4 Potential Impacts

The potential impacts to the hydrogeological processes resulting from operation of a TSF, backfilling of mine pits

with waste rock, groundwater abstraction and dewatering, alteration of surface water flows and short-term

MAR were assessed during the impact assessment for MS 824, MS 829 and subsequent s45 and s46 applications. 

This assessment considers the new impacts resulting from the Revised Proposal.  

The following potential impacts to Inland Waters from the implementation of the Revised Proposal have been

identified:

 Contamination of surface water and ground water resulting from mining and associated activities (including

construction of infrastructure, construction and operation of a borefield, altering surface water flows

increased erosion, use of saline/decant water for dust suppression);

 Contamination of surface water and groundwater from leaching of WRLs;

 Contamination of surface water from erosion of WRLs increasing sedimentation and turbidity; 

 Changes to surface water flows resulting from creek diversions, additional clearing or development of

infrastructure;

 Contamination of groundwater from leaching of in-pit TSF;

 Changes in the quality of the groundwater from MAR; and

 Changes to groundwater flows by abstraction for water supply and mine dewatering. 

Mounding of groundwater from MAR and in-pit tailings storage leading to modification to groundwater flows.

The Revised Proposal has the potential to indirectly impact on Inland Waters through the additional activity of

MAR (Remote MAR Borefield, Southern Borefield and SWIB), the increase in dewatering to that assessed in the

Original Proposal, in-pit tailings, establishment of additional WRLs and the establishment of permanent surface

water diversion structures (Table 4-41).
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Table 4-41: Summary of Activities and Locations with Potential Surface or Groundwater Impacts

Location Environmental

Value

Level of significance Cause

 

Revised Proposal Activity and Potential Impact

Mine

Area

Surface Water Locally significant as the Mine area is located 

in FMMA 3a Kulbee Alluvial Flank from which 

surface water drains directly into Fortescue 

Marsh  

Contamination of surface water resulting

from mining and associated activities

(includes construction of infrastructure,

use of saline/decant water for dust

suppression, additional clearing and

altering surface water flows causing

increased erosion)

3,668ha of additional clearing within the Mine area leading to

localised alterations in surface water sheet flows and

increased mobilisation of sediment.  There is also increased

potential for hydrocarbon or chemical contamination resulting

from spills and leaks.

Up to 7.4GL of saline/decant water for dust suppression per

annum.

Contamination of surface water resulting

from leaching of WRLs

Additional out of pit WRLs leading to increased potential to

leach metals into surface water

Unacceptable erosion of WRLs leading to

increased sediment in surface waters

Additional out of pit WRLs leading to increased potential

erosion

Creek diversions resulting in changes to

surface water flows and erosion

Permanent surface water diversion structures are expected to

provide a lower risk to downstream surface water flows and

erosion then other options considered to surface water

management

Groundwater Moderate/low significance.  Large regional

aquifer system 

Contamination of ground water resulting

from mining and associated activities 

3,668ha of additional clearing within the Mine area.  It is not

considered that activities associated with the Revised Proposal

would significantly increase the potential for contamination of

groundwater to that previously assessed under the Original

Proposal

Contamination of groundwater from

leaching of waste rock landforms

Additional out of pit WRLs leading to increased potential to

leach metals into groundwater

Contamination of groundwater from

leaching of in-pit TSF

Additional In-Pit TSF’s could lead to leaching which may impact

the groundwater chemistry

Changes in the quality of the

groundwater from MAR

MAR will likely reduce the TDS of existing hypersaline

groundwater 

Changes to groundwater flows by

abstraction for water supply and mine

dewatering 

Groundwater drawdown footprint of 40km long and 15km

wide

An increase in dewatering quantities increases the drawdown

footprint and timeframe for recharge.  Water abstraction for

operational use does not change from that of the Original

Proposal 
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Mounding of groundwater from MAR

and in-pit tailings storage leading to

modification to groundwater flows.

Mounding in an area of 10km long and 6km wide at SWIB; 6km

long by 3km wide in Stage 1 Borefield. Mounding has the

potential to increase groundwater flow gradients

Remote

MAR

Borefield

Surface Water High/Moderate local significance as the 

Remote MAR borefield area is located in 

FMMA’s 2c Fortescue River Coolibah, and 3a 

Kulbee Alluvial Flank from which surface

waters drain directly into Fortescue Marsh

and 3b Marilana Plain from which surface

water flow to 2c Fortescue River Coolibah

and the Fortescue Marsh via sheet flow

Contamination of surface water resulting

from construction and operation of a

borefield

Up to 935ha of clearing within the Remote MAR Borefield

leading to localised alterations in surface water sheet flows

and increased mobilisation of sediment.  There is also

increased potential for hydrocarbon or chemical

contamination resulting from spills and leaks.

Groundwater Moderate/Low.  Large regional aquifer 

system 

 

Mounding of groundwater from MAR

leading to modification to groundwater

flows

No water level change in excess of 2m mounding to be

>5mbgl.

Localised mounding of groundwater may occur, altering

groundwater flows.

Changes in the quality of the

groundwater from MAR

Water Quality matched to the groundwater salinity in the Re-

injection area:

>50,000mg/L TDS in SWIB and Remote MAR

>5,000 mg/L TDS in Stage 1 and Southern Borefield

Mine Area TDS to be determined on a case by case basis

Southern

Borefield

Surface Water Low local significance as the Southern 

Borefield area is located in 3b Marilana Plain 

from which surface water flow to 2c 

Fortescue River Coolibah and the Fortescue 

Marsh via sheet flow

Contamination of surface water resulting

from construction and operation of

borefield

Up to 1390ha of clearing within the Southern Borefield.

The risk to contamination of surface water does not change to

that of the Original Proposal.

Groundwater Low local significance.  Large regional aquifer 

system. Water table occurs at depths of 

>20m 

Mounding of groundwater from MAR

leading to modification to groundwater

flows

Mound of less than more than 2m but less than 5m in the

central part of the Southern Borefield.

Localised mounding of groundwater may occur, altering

groundwater flows.

Changes in the quality of the

groundwater from MAR

Groundwater quality change up to 5,000mg/L TDS

Changes to groundwater flows by

abstraction for water supply

No change to abstraction quantities is proposed to that of the

Original Proposal.



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 219 of 304

4.6.5 Assessment of Impacts 

4.6.5.1 Mine Area

 Surface water

4.6.5.1.1.1 Contamination of surface water resulting from mining and associated activities

Contamination of surface water resulting from mining and associated activities was assessed in the Original

Proposal.  This Revised Proposal includes disturbance of up to an additional 3,668ha within the Mine area.  The

main activities that could affect surface water quality are:

 Increased erosion, increasing sediment load of surface waters, due to clearing and vehicle movements;

 Contamination through inappropriate waste management, hydrocarbon spills/leaks, sedimentation and

erosion of cleared areas; and

 Use of surplus saline water and TSF decant water for dust suppression - Potential contaminants deposited on

site roads during dust suppression may mobilise during rain events and flow overland, or into creeks.

Impacts to Inland Waters from contamination of surface water in the Mine area resulting from mining and

associated activities have the potential to impact the Fortescue Marsh, thus they are considered significant.

However, RHIO have existing and demonstrated procedures to manage potential contamination to land and

water resulting from open cleared areas, management of waste and spills and leak of hydrocarbons and

chemicals which reduce the likelihood of contamination affecting in-land waters to unlikely. It is not considered

that the Revised Proposal would result in additional impacts to the Original Proposal. 

GHD (2019) conducted a risk assessment of utilising decant water for dust suppression and disposal of decant

water into MAR.  This assessment is provided in Appendix 13 and concludes that the risk of using TSF decant

water for dust suppression was low. While the TSF decant water has elevated nutrient and metal concentrations

the concentrations are within the acceptable range defined by ANZECC (2000b). Estimated concentrations for

metals in soil after 13 years of dust suppression using TSF decant water are well below the generic EILs (where

available), suggesting a low risk of negative impact to native vegetation GHD (2019).

4.6.5.1.1.2 Contamination of surface water resulting from leaching of WRLs

Contamination of surface water resulting from leaching of WRLs was assessed in the Original Proposal however

the Revised Proposal increases the number of out of pit WRLs.  The acid and metalliferous drainage (AMD)

characteristics of the ore, residue (tailings), waste rock and basement materials (unmined material beneath the

mined ore and waste) have been progressively sampled and tested during the early approval and current

operation phases of the RHIO mine.  

The results from the first AMD studies undertaken at the Mine in 2009 indicated that tailings and the majority

of waste rock are non-acid forming (NAF) (SMEC, 2009b). Some waste rock comprised of calcrete deposits and

was classed as acid-consuming material (ACM). In the base of ore material, the Jeerinah Formation (or ‘Roy Hill

Shale’ (RHS)) was determined to be potentially acid forming (PAF) and had sulphur contents up to 8%.  With

regard to the potential for metalliferous drainage, further test work undertaken by Soil Water Consultants

(2010) identified that, whilst some metals occur in relatively high concentrations in the solid phase (above the

ecological investigation limit), they are typically strongly held within the soil or in the crystal mineral structure
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and therefore not available to leaching solutions, even under highly acidic conditions. Therefore, the waste

materials to be mined have a low potential to generate metalliferous drainage when disturbed. 

In 2014, RHIO commissioned Graeme Campbell & Associates Pty Ltd to conduct a peer review of all RHIO AMD

studies with particular reference to Pilbara lithologies (Campbell et al., 2014).  The review identified further test

works to be conducted and identified the following management measures to be adopted:

 Backfilled profile below the water table is expected to be ‘tight’ hydrogeologically speaking resulting in pore

fluid becoming trapped.

 Any disturbed PAF material is to be placed into a backfilled pit within the saturation zone and encapsulated

with ACM.

 Any PAF waste that cannot be placed within the saturation zone of a backfilled pit is to be placed within a

temporary store comprising of a basal blanket of calcrete.

To address additional test work required, RHIO engaged SRK Consulting in 2015 to undertake a review of the

RHIO geochemical database prior to developing a final project plan for static testing (SRK, 2015).  RHIO has

developed an extensive geochemical database for the Mine, which contains approximately 400,000 samples

from 20,000 drill holes. A review of the database was undertaken to identify the geochemical properties and

spatial distribution of these within the lithologies present at the Mine.

The key outcomes of the geochemical database review (SRK, 2015) included:

 The total Sulphur content for the majority of samples is 0.1% or less. A higher proportion of samples from

the Jerrinah (45%) and alluvium (30%) lithologies contained greater than 0.1% total sulphur.

 A small proportion of samples from all lithologies (approximately 1% or less) contained moderate to high

total sulphur content (i.e. between 1% and 5%). 

 The highest sulphur contents (up to 40%) were measured in samples from the Jerrinah lithology.

 Spatially, there does not appear to be any regions of high sulphur concentration across the site, rather,

samples that contained greater than 0.1% total Sulphur were relatively well distributed.  

Static testing was then undertaken by SRK Consulting in 2016 and involved collection of approximately 200

representative samples from the various mining regions.  Samples included six lithologies being representative

of all RHIO waste profiles.  The six lithologies tested were alluvium, calcrete, clay, detrital iron waste, Jeerinah

formation and Nammuldi member.  Of these, the Jeerinah formation which includes Roy Hill shale represents

the highest AMD risk with approximately 20% of samples classified as PAF.  The vast majority of all static test

work results indicate that the various waste lithologies are inert and do not pose a geochemical risk. Full details

of the results of sampling are provided in Appendix 14.

Kinetic testing was conducted by SRK Consulting in 2016 with the intent for results to be used to predict the

time to depletion of the acid generating and acid neutralising minerals respectively, providing an indication of

whether acidic conditions could develop in the future.  Results of the kinetic testing indicate that the samples

from Jeerinah formation generated acidic leachate over the duration of the test consistent with the PAF

classification of the samples.  The remainder of the samples were near neutral and remained relatively constant

throughout the test.  Sulfate concentrations generally decrease over time, consistent with the flushing of soluble
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salts, however concentrations steadily increased towards the end of the test for three out of four of the Jeerinah

samples.  Full details of the results of sampling are provided in Appendix 14.

RHIO has developed an AMD Management Plan and associated AMD Operations Manual to provide a number

of management procedures and strategies to minimise the low risk posed to the environment by the generation

of AMD from mining activities.  Of key note:

 RHIO have included AMD materials within the waste rock classification system and have coded these into the

geological block model as follows:

o Non-acid forming (NAF)– No specific management required and can be stored within in-pit or ex-pit

WRLs.

o Potentially Reactive (PR)– To be stored within backfilled pits below post-mining groundwater level.

o Potentially Acid Forming (PAF)– To be stored within backfilled pits below post mining groundwater level.

o Potentially Acid Consuming (PAC) – To be incorporated immediately into backfilled pits containing PAF

or PR material or stockpiled for future incorporation into backfilled pits containing PAF or PR material. 

 The Jeerinah lithology contains the highest AMD risk and as such will need to be appropriately managed. The

majority of this lithology is located at the base of the ore; hence it is not handled during mining activities;

 Leaching of metals resulting in groundwater and/or surface water contamination from PAF and PR waste

material placed in above ground WRLs or backfilled pits may occur if not appropriately managed. 

Based on testing conducted, and the management measures for encapsulation of PAF and PR waste within

backfilled pits and above ground WRL, it is considered that contamination of surface water from leaching of

WRLs is not likely to occur.

4.6.5.1.1.3 Unacceptable erosion of WRL leading to increased sediment in surface waters

Erosion of landforms resulting in an increase to the sediment in surface water was assessed in the Original

Proposal however the Revised Proposal increases the number of out of pit WRL.  RHIO considers the backfilling

of pits as the preference to creating above ground WRLs and backfilling will occur wherever practicable.  

RHIO has undertaken a number of studies to inform WRL design criteria (including material blending ratios,

profile shapes, slope heights) based on material type and extreme weather events. The WRL have been designed

and located to ensure post closure landforms remain stable and non-polluting.  The final profiles will be generally

consistent with the highest natural topographic point within the surrounding area (2km radius).  

The majority of the waste material will be derived from the alluvium (ALU 55%), detrital (DIW 25%), manganese

(MNG 1%) and bedded (NAM 6%) lithologies. Material characterisation has indicated that subsoil material,

alluvial and detrital will not be erosionally stable if used to build WRLs. Dependant on materials utilised for

construction of the WRL, a capping layer (rock armour) at a minimum of 0.5m can be applied to the outer surface.

Rock armour is the process of placing coarse blocky material onto the landform surface to increase surface

roughness and reduce erosion. Studies have shown that rock armouring of detrital and alluvial waste streams

will reduce the rate of erosion to acceptable levels. 
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RHIO engaged Landloch to better understand the impact of extreme rainfall events including the Probable

Maximum Precipitation (PMP) on rehabilitation landform erosion modelling.  This study also informed what

design criteria (i.e. slope heights, profile shapes and gradients) should be adopted during construction/

rehabilitation of a WRL for it to be able to withstand a PMP event (Landloch, 2017).  Rehabilitated permanent

WRLs will adhere to 1:2,000 year Average Recurrence Interval (ARI) rainfall design criteria.

Based on studies conducted, and the management measures for construction of WRL including the appropriate

slope heights, profile shapes and gradients that should be adopted during construction and rehabilitation of a

WRL for it to be able to withstand a PMP event (Landloch, 2017), it is considered that unacceptable erosion of

WRL leading to increased sediment in surface waters is not likely to occur.

4.6.5.1.1.4 Creek diversions resulting in changes to surface water flows and erosion

Diversion of major drainage lines around operations infrastructure was assessed in the Original Proposal.  The

approval of the Original Proposal requires that surface water diversion structures are designed and managed to

minimise impacts to mulga and riparian vegetation.  Whilst RHIO will continue to achieve this, RHIO is seeking

approval to develop permanent surface water diversion structures, rather than reinstating creeks following

decommissioning of mine infrastructure and backfill of mine pits.

RHIO has engaged with consultancies to undertake reviews of the potential risks associated with reinstating

surface water flows over backfilled pits. Results of these reviews indicate that reinstating surface water flows

over backfilled pits is not preferable and has potential to cause potentially unacceptable downstream impacts.

GHD (2015) were engaged by RHIO to develop a basis of design for the reinstatement of surface water flows

over backfilled pits. There are approximately 58 potential candidate creeks for reinstatement throughout the

mine site, representing approximately 49km of reinstatement (Figure 61). These are creeks with catchments of

approximately 50ha-8,500ha. 
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Figure 61: Potential creek reinstatement locations at the Mine (GHD, 2015)

Currently, under MS 829, Stage 2 pits are required to be backfilled to pre-mining water table levels. Where pits

are not backfilled to original ground level, surface water flowing from reinstated creek lines will enter the

downstream pits, recharging the groundwater rather than draining to downstream waterways. This will

effectively remove this flow from the overland/surface flow path from this point in the catchment. 

Some creeks cross both Stage 1 and Stage 2 pits. If there is no intention to reinstate flows over Stage 2 pits, the

purpose of reinstating the Stage 1 flows is questionable and potentially redundant (GHD, 2015). Twenty-one

creeks meet this criterion (refer to red creek lines in Figure 62). 
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Figure 62: Stage 1 creeks that drain into Stage 2 pits (GHD, 2015)

During pit backfilling, the backfill material is placed but not compacted, therefore settlement of backfill pits is

anticipated. The rate and depth of settlement will be a function of the depth of backfill, how it is placed, the

grading of the backfill, the void ratio and other geotechnical characteristics. Uncompacted backfill usually settles

at a rate of 2-6% of the depth of backfill over a 10-year period. GHD (2015) provided the following design criteria

to avoid problems associated with differential settlement:

 Bed lining design for leakage mitigation and to contend with anticipated settlement;

 Hydraulic modelling and dimensioning of waterway for range of expected flows;

 Scour analysis of waterway and design of protection measures for entry, traverse and exit;

 Geomorphic analysis of waterway and design of alignment and grades; and

 Backfill placement procedures to reduce settlement rates as detailed below:

o Backfill may be pre-loaded to accelerate settlement;

o Backfill placement may be prioritised along creek reinstatement alignments to increase time available

for settlement to occur;
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o Excess water, if available and of suitable quality, be used to saturate backfill to increase the rate of

settlement;

o The reinstatement can be designed to allow for settlement through over-filling and making suitable

connections to existing upstream and downstream creeks;

o Backfill is also likely to be highly porous, resulting in high infiltration rates, potentially 100% infiltration;

and

o Reinstatement will require lining of the creek bed to minimise infiltration and prevent loss of water.

Similar to the GHD (2015) study, Alluvium (2016) identified waste rock materials and backfill settlement issues

as concerns for reinstating creek lines over backfill pits. 

Alluvium (2016) provided an example of diversion of a regionally substantial creek in Queensland (Figure 63).

The diversion has been in place for a decade and has resulted in such substantial erosion due to settlement

issues, that erosion has subsequently infilled the channel bed with sediment. 

Figure 63: Example of a diversion over backfilled pit (Alluvium, 2016)
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The rate and nature of settlement will be heavily influenced by the way the waste rock is placed. The example

provided in Figure 63, which had uncontrolled waste rock placement in a deep (~90m) pit, is still subject to

settlement more than a decade after commencing diversion operation (Alluvium, 2016).

The studies have indicated that diverting watercourses over backfilled pits in Australia is uncommon compared

to diverting watercourse through in situ ground which remain at closure. The main issue is settlement, however

piping/tunnel erosion, which may or may not influence settlement is a second major risk. There are also issues

with disruption to the downstream surface water flow if water is diverted into Stage 2 pits (not backfilled to pit

crest level). 

GHD (2018a) conducted a surface water risk assessment for mine closure describing the challenges and

opportunities associated with reinstating flows over backfilled pits, directing flows into open cut pits, and

diverting flows around pits and WRLs. The risk assessment concluded that permanent surface water diversion

structures represent the lowest environmental risk.

GHD (2018a) conducted a flood assessment of the RHIO mine and proposed locations for permanent surface

water diversion structures (Appendix 3; Figure 13 and Figure 14). The diversion structures will divert water

around the pit and WRL areas and back into the downstream creek where possible, therefore reducing the

likelihood of potential impact to surface water flow and the downstream creek environment.  This also reduces

the potential for downstream sedimentation which would result from rediversion of creeks over backfilled pits. 

Section 2.3.5 describes in detail the proposed permanent surface water structures.

During the GHD (2018a) assessment three locations of proposed permanent surface water structures have been

identified where surface water flow rates are substantially lower than pre-mine conditions while two locations

were identified as having significantly higher flow volumes than pre-mine conditions (Section 4.3.5.3.4).  The

higher flow volumes increase the potential for scour of the creek beds and consequent mobilisation of sediment

into the creek, and potentially the Fortescue Marsh.  GHD (2018a) conducted a review of stream power and the

ability for the stream power to mobilise sediment, against values established by Alluvium (2014).  Results

indicate that in the locations where steam power has increased, it is still lower than the values established by

Alluvium (2014) and therefore unlikely to increase scour risk (Appendix 3).

To meet closure design criteria, surface water structures will be constructed to withstand the 0.1% AEP flood

(Figure 64 and Figure 65) and will have appropriate scour protection and armour requirements.  It is considered

that permanent surface water diversion structures are unlikely to change the downstream water quantity and

quality to that of existing creek lines. However, overall quantity of water reaching the Fortescue Marsh will

remain unchanged and GHD (2018a) assessment indicates the changes in flow rates are unlikely to increase

scour risk and subsequent sedimentation to the Fortescue Marsh.

Based on the studies conducted it is considered that the permanent diversion of creek lines is preferable to

reinstating creek lines over backfilled pits and provides a lower risk to downstream surface water flows and

erosion.
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Figure 64: Permanent Surface water diversion structures for 1% AEP at Closure
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Figure 65: Permanent Surface water diversion structures for 1%AEP at Closure 
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 Groundwater

4.6.5.1.2.1 Contamination of groundwater resulting from mining and associated activities

Contamination of groundwater resulting from mining and associated activities was assessed in the Original

Proposal and the subsequent s45C for in-pit TSF (Zulu 5 Pit – currently under assessment). The Revised Proposal

increases the disturbance area by increasing the areas used for MAR and increasing the number of in-pit TSF.

Activities of the Revised Proposal that have potential to contaminate groundwater are considered to be:

 Increases in the disturbance area by 3,668ha in the Mine area – Potential for contamination through

inappropriate waste management, hydrocarbon spills/leaks, sedimentation and erosion of cleared areas.

 Increased roads and machinery movement - Additional risk of hydrocarbon spills/leaks potentially seeping to

groundwater 

RHIO have existing and demonstrated procedures to manage potential contamination to land and water

resulting from open cleared areas, management of waste and spills and leak of hydrocarbons and chemicals

which reduce the likelihood of contamination affecting in-land waters to unlikely. It is not considered that the

Revised Proposal would result in additional impacts to the Original Proposal. 

4.6.5.1.2.2 Contamination of groundwater from leaching of WRLs

Contamination of groundwater resulting from leaching of WRL was assessed in the Original Proposal however

numerous additional test work and studies have been completed. 

Section 4.6.5.1.1.2 outlines the AMD test work completed and management measures put in place to further

reduce the risk of contamination resulting from leaching of waste rock landforms.

Although this Revised Proposal results in an increased number of out of pit WRLs, RHIO has adopted

management measures to ensure that PAF material are placed into a backfilled pit within the saturation zone

and encapsulated with ACM.

It is considered that, with the additional management measures implemented as a result of the additional test

work, and the nature of groundwater recharge and depth to water table in the Mine, it is unlikely that

contamination resulting from leaching of WRL’s would reach the groundwater in the mining area.

4.6.5.1.2.3 Contamination of groundwater from leaching of in-pit TSF

Contamination of groundwater resulting from leaching of in-pit tailings disposal was assessed in the s45C for the

Zulu 5 in pit TSF. However, the current proposal adopts in-pit TSFs as a LOM strategy for tailings management. 

In 2016, RHIO commenced AMD test work on tailings to continue to quantify the AMD and Neutral Metalliferous

Drainage (NMD) risks associated with processing iron ore at the Mine. The program builds on the knowledge

from preliminary test work completed during the early approval process. 

RHIO commissioned SRK in 2016 to undertake geochemical characterisation of 20 tailings samples collected from

the Delta and Zulu 5 mining regions at the Mine (SRK, 2017).  All samples were obtained from pipe infrastructure

at the Mine processing plant over a ten-week period from September to November 2016.
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This testing program was designed to assess the potential for the tailings to generate AMD and/or NMD and

included:

 acid base account/net acid generation tests;

 conventional deionised (DI) water leach tests; and

 a range of supplementary leach tests designed to examine leaching behaviours under various geochemical

conditions (i.e. multi-step DI water leach test) (SRK, 2017).

All samples were classified as NAF based on the low total sulfur content (<0.09%) and, albeit low, acid

neutralising capacity (3kg H2SO4/t to 8kg H2SO4/t).  Trace elements As, Bi, Cr, Sb and Se were also found to be

enriched in the samples (SRK, 2017). 

Further details of the testing conducted, and the results are included in the Mine Closure Plan (Appendix 14).

As noted in Section 3.3 RHIO have identified pits for in-pit tailings disposal, being Zulu 5 (currently under

assessment as a s45C amendment to the existing proposal) Zulu and Bravo pits (Figure 15).  Utilising these

proposed pits for in-pit tailings disposal provides options for tailings management for LOM.

Dewatering of potential pits to be utilised for in-pit tailings will continue to occur prior to, and during tailings

deposition, if required.  It would be expected that changes to groundwater levels around these pits may occur

due to seepage from tailings into the surrounding aquifer system.  The release of seepage from the tailings, as

lateral or downwards migration from the in-pit TSF into groundwater, could potentially introduce increased

trace elements into the groundwater.  

Seepage is generally expected to be low, with peaks in seepage expected in the first few years of tailings

deposition, however towards the end of operations and into closure, it is expected that seepage will reduce with

rates gradually decreasing.  Seepage will be contained around the perimeter of the in-pit TSF’s due to residual

drawdown from dewatering.

Detailed design and relevant studies including groundwater impact assessments on each potential in-pit TSF will

be undertaken and RHIO will submit applications for Operating Licence amendments under Part V of the EP Act

and revision of Mining Proposals under the Mining Act, for each individual pit upon completion of the detailed

information.  

Due to the nature of dewatering it is not expected that the operation of in-pit TSFs will have a significant impact

on the groundwater chemistry.

4.6.5.1.2.4 Changes in the quality of the groundwater from MAR

Changes in the quality of the groundwater from recharge and re-injection were assessed in the s45C for the two-

year trial MAR. This Revised Proposal increases the time span of the MAR programme to cover LOM and

proposes to allow TSF decant water to be re-injected into the SWIB. 

GHD (2018) conducted an assessment of changes in the quality of the groundwater from MAR in the mine area

including to the SWIB and Stage 1 Borefield.  The SWIB is proposed to receive surplus water up to (50,000mg/L

TDS) and decant water from TSF, while the Stage 1 Borefield area, and potentially the Mine Borefield into the

future, will receive surplus water up to 5,000mg/L TDS.
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GHD (2018) found that the existing hypersaline groundwater (more than 100,000mg/L) greatly exceeds the

proposed injection concentrations in the SWIB. The saline surplus water will be injected at depth, into the

hypersaline body of groundwater in the SWIB. Mixing will likely reduce the overall salinity and associated

concentrations of the hypersaline body in the zone of influence. The saline injected water is likely to partly

migrate vertically. Groundwater quality change at the water table is expected to be minor due to physical and

density controls on upward migration and mixing (GHD, 2018). In the SWIB, a large part of injected volume will

flow north. This is due to the hydraulic gradient to the north set up by the low hydraulic head in the area of

dewatering and higher hydraulic head in the injection area (GHD, 2018).

In addition, GHD (2019; Appendix 13) assessed the impact of disposing decant water from TSF via re-injection

to the SWIB. GHD (2019) identified that injection of water containing the decant water mix may create a plume

of up to 13km long (along the tenement boundary and 7km wide (across the boundary). The majority of the

plume will remain within the boundaries of the RHIO mining tenement and flow north.  Predicted maximum

concentrations will reach over 0.005mg/L of Se, 0.02mg/L Cr and 20mg/L of N. With exception of Se this would

represent a temporary exceedance of ANZECC trigger values in parts of the plume largely confined to the

boundary of the RHIO mining tenement. Ongoing dewatering during mining operations will stabilise the plume

and the plume will dissipate once re-injection of decant water ceases at the end of LOM.  

For low attenuation factors the plume can theoretically migrate further south from the SWIB towards the

Fortescue Marsh although the predictions indicated the plume will not reach the Marsh (GHD, 2019).

Groundwater changes in SWIB are unlikely to migrate to the Fortescue Marsh due to the ongoing dewatering

drawing the plume to north, this draw down plume will persist post LOM and influence the mounds dissipation

(GHD, 2019). 

Impacts to groundwater quality will occur as a result of re-injection in the SWIB, however the changes will be at

depth, with the minimum depth to groundwater in the SWIB maintained at 5mbgl by optimising and monitoring

injection rates. Major impacts are a temporary exceedance of ANZECC trigger values for Cr and N. However,

these impacts are expected to have negligible impact as the SWIB water quality (more than 100,000mg/L) has

already been assessed under previous approvals and the proposed impacts will not change the impacts already

approved by high TDS.

Brackish surplus water (less than 5,000mg/L) is planned for the Stage 1 Borefield area which is similar to the

existing groundwater quality in this area. Groundwater quality change up to 5,000mg/L TDS may occur in this

area.  The minimum depth to groundwater in the Stage 1 Borefield will be maintained at >10mbgl by optimising

and monitoring injection rates.

4.6.5.1.2.5 Changes to groundwater flows by abstraction for water supply and mine dewatering 

Changes in the groundwater flows from abstraction and dewatering were assessed in the Original Proposal. This

Revised Proposal increases the volume and length of time of dewatering. 

GHD (2018) showed the groundwater change due to mining increased in comparison with the 2m drawdown

contour approved in MS 824.  This increase is due to the change of the mine plan resulting in increased number

of open pits, and consequently larger dewatering rates and volumes removed during the LOM.  The increase in

the dewater volume will result in a larger drawdown footprint.  The comparison between the previously
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approved 2m drawdown footprint approved under MS 824 and the drawdown at the end of mining in March

2031 predicted by the current assessment approach is shown in Figure 66.

The 2m drawdown is predicted to move to the west by approximately 5km and to the north of the previous

footprint by 2 to 4km. The extended footprint will partly move to the south in places of up to 4km (GHD, 2018). 

While the dewatering footprint is predicted to increase it is not likely to reach the area of the Fortescue Marsh.

Re-injection of dewater into SWIB will partly assist in keeping the drawdown footprint largely contained within

the mining tenement (GHD, 2018).

It is possible that groundwater level change of FMG Christmas Creek operation, to the west of RHIOs mining

tenement will combine with the potential water level change from the Mine. These changes will be cumulative

but are considered to be relatively minor since this potential combination of changes will take place on the

margins of the development envelope of both operations (GHD, 2018) where drawdown from both operations

is minimal.

The large footprint of dewatering and the volume of water removed (in excess of 600GL) over the LOM combined

with the generally slow rate of groundwater recharge in the Pilbara will contribute to a relatively slow rebound

of groundwater levels to the pre-mining level. Figure 67 shows the modelled groundwater levels five years after

closure.  At 20 years after closure (in 2051), the drawdown footprint created by previous dewatering is still in

place with maximum residual drawdown in the mining tenement between 5 to 10m (Figure 68). Predictive

simulations suggest that it would take up to 100 years post closure to achieve the groundwater rebound close

to the pre-mining levels (GHD, 2018).  This estimated time of rebound is expected for average climate conditions,

the presence of a sequence of high recharge events may speed up or enhance the recovery of groundwater

levels. 

RHIO propose to utilise mine pit voids for in-pit tailings disposal and future MAR disposal within the Mine

Borefield is expected to assist in the recovery of groundwater levels in the mining area and possibly reduce the

overall timeframe for recovery of groundwater levels post mining.



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 233 of 304

Figure 66: Comparison of previously (2015) predicted footprint for LOM and increased footprint under current

proposal for LOM.
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Figure 67: Depth to groundwater and residual drawdown 5 years after closure (GHD, 2018)
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Figure 68: Depth to groundwater and residual drawdown 20 years after closure (GHD, 2018)
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Changes to groundwater flows as a result of mine dewatering, may take up to 100 years to resume their natural

flows toward the Fortescue Marsh, however impacts are likely to be contained within the immediate mine area

and have no additional impacts to those assessed under the Original Proposal.  The proposed future use of mine

pit voids for water disposal in the Mine Borefield will also assist in reducing the impacts of drawdown.

4.6.5.1.2.6 Mounding of groundwater from MAR and in-pit tailings storage leading to modification to

groundwater flows

Mounding of groundwater from re-injection of excess water leading to modification to groundwater flow was

assessed in a s45c application for the SWIB and Stage 1 Borefield for a proposed re-injection period of two years. 

This Revised Proposal increases the volume and timeframe of MAR to cover the remaining LOM as well as adding

new areas for MAR including the Mine Borefield, Remote MAR Borefield and Southern Borefield. 

GHD (2018) modelled the groundwater mounding expected due to MAR activities in the SWIB and Stage 1

Borefield. Injection in SWIB is predicted to form a groundwater mound in an area of up 10km long and 6km

wide. The bore injection rates in the SWIB will be optimised for water level in the mound to not exceed a 5mbgl

threshold during maximum injection. In general, the maximum injection rates were applied to the west injection

area of the SWIB (GHD, 2018). 

Injection in Stage 1 Borefield will induce the groundwater level change in a comparatively smaller area (6km by

3km at its largest), and depth to groundwater is predicted to remain 10mbgl or more.  Groundwater mounding

in the Stage 1 Borefield will reduce quickly once the area is converted to mining operations and dewatering

commences to recover the water stored under the MAR scheme. The groundwater mound created by injection

into the SWIB is predicted to dissipate quickly, since it will be redistributed into the groundwater drawdown

area created by dewatering.

Mounding has the potential to increase groundwater flow gradients, however this impact will be limited to

immediately adjacent to the injection areas. Changes to groundwater gradients will combine with the changes

due to groundwater abstraction and dewatering in the Mine area (see Section 4.6.5.1.2.5), resulting in a reversal

of groundwater flows for up to 100 years post mining.  This impact will be limited to the mine area and reduce

over time. 

Groundwater mounding has not been modelled in the Mine Borefield as areas suitable for discharge have not

yet been determined. Once an area is determined as suitable for MAR within the Mine Borefield, detailed

modelling will be carried out and approval sought under Part V of the EP Act to conduct MAR activities within

the Mine Borefield.
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Figure 69: Predicted Groundwater changes in SWIB and Mine Borefield due to MAR activities (Scenario 4, Dec

2026; GHD 2018)
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4.6.5.2 Remote MAR Borefield

 Surface water

4.6.5.2.1.1 Contamination of surface water resulting from construction and operation of borefield

Contamination of surface water resulting from construction and operation of a borefield has not previously been

assessed in the Remote MAR Borefield. This Revised Proposal includes disturbance of up to approximately 935ha

in the Remote MAR Borefield.  The main activities that could affect surface water quality are:

 Increased erosion, increasing sediment load of surface waters, due to clearing and vehicle movements;

 Construction of pipe work across surface water flow pathways;

 Contamination through spillage of saline water; and

 Spillage of hydrocarbons from machinery to ground surface or water ways.

Clearing and vehicle movements have the potential to increase the sediment load of surface water flows by

removing vegetation and disturbing the surface.  Surface water in the Remote MAR Borefield, away from defined

drainage lines is via sheet flow. Vehicle movements increase erosion by breaking up any surface crust that form.

Both clearing, and vehicle movements cause lift off of dust via mechanical and wind action, which create dust

that is then washed off surfaces during rainfall events and consequently increases the sediment load of surface

flows. Clearing of tracks, drill pads and borefield infrastructure areas (pipelines, pumps etc.) required the

removal of vegetation and usually the top 20cm of topsoil, this clearing provides areas of increased erosion as

well as often channelling sheet flow into concentrated area’s i.e. along tracks which further increase erosion.

Bunds for pipework, topsoil stockpiles and vegetation stockpiles also have the potential to block surface water

flow if placed across surface water pathways. Construction of pipework across surface water pathways can

change surface water flow by blocking flow (i.e. bunds built up) or providing preferred pathways (pipeline burial

of bunding channelling flow away from original pathway. 

TDS of disposal water in Remote MAR borefield will be up to 50,000 mg/L, spillage of water via pipe burst or leak

may increase the salt load in surface waters or soils where it may be picked up by surface water.

Spillage of hydrocarbons from equipment or vehicles working in the Remote MAR Borefield is a potential risk.

Spills generally result from faulty equipment and breakdowns and most likely during construction of the

borefield, when equipment will be present and working on the Borefield. During operation of the Borefield the

greatest risk is spillage of hydrocarbons due to the refuelling of pumps or incidents involving the fuel trailer

carting fuel between pump locations.

RHIO have existing and demonstrated procedures to prevent and manage contamination to surface waters

resulting from construction and operation of the borefield resulting from open cleared areas, saline water spills

and management of spills and leak of hydrocarbons.  It is considered that the risk of construction and operation

of the Remote MAR Borefield affecting surface water quality is low once mitigation measures are applied

(section 4.6.6).
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 Groundwater

4.6.5.2.2.1 Mounding of groundwater from MAR leading to modification to groundwater flows 

Mounding of groundwater from re-injection of excess water can lead to the modification of groundwater flows.

RHIO engaged GHD (2018) to conduct and assessment of the impacts of MAR creating groundwater mounding

in the Remote MAR Borefield as part of the WMS. The depth to groundwater within the Remote MAR Borefield

is around 5-10mbgl with depth decreasing toward the Fortescue Marsh.  Data indicates the Remote MAR

Borefield area experiences only small seasonal variations (GHD, 2018).  GHD (2018) found that injection in

Remote MAR Borefield is predicted to not induce water table changes in excess of 2m. Depth to water table in

the Remote MAR Borefield will be managed to remain below 5mbgl.

As the ground water mounding will be minor and close to seasonal variations, modification to groundwater flows

from MAR above those experienced due to seasonal variations is considered unlikely and of low consequence. 

4.6.5.2.2.2 Changes in the quality of the groundwater from MAR

Changes in groundwater quality may be caused by:

 poor bore construction allowing previously isolated aquifers to mix; and 

 MAR water quality different to existing ground water.

Drilling in the Remote MAR Borefield has shown that water quality varies with depth and stratigraphy and is

under the influence of the saline interface emanating from hypersaline groundwater beneath the Fortescue

Marsh.  Poor bore construction could allow water from different aquifers to mix within the drill hole potentially

contaminating lower salinity groundwater in shallower layers.  Similarly, if a bore is constructed through multiple

aquifers the abstraction or re-injection into the bore will affect all aquifers. RHIO intends to reinject surplus

water to deep weathered dolomite and a previously uncharacterised unit of faulting dominated by chert and

cherty-dolomite both located under a 10 to 20m thick confining layer of clay.  Bores therefore will be constructed

with blank casing from surface to the clay layer, or where water above the clay layer is access via slotted casing,

a seal layer is inserted with the clay zone to prevent mixing and slotted casing below (Managed Recharge, 2018).

RHIO have existing and demonstrated procedures for construction and operation of bores to ensure proper

construction of bores to prevent previously isolated aquifers to mix and will manage re-injection water qualities

to suit the aquifer in which the water is being reinjected. 

The Remote MAR Borefield is considered as suitable for higher TDS injection (up to 50,000mg/L TDS) however

the injection water quality will be matched to the natural groundwater quality in the area of injection. It is

considered that the groundwater quality may change up to 5,000mg/L TDS however this is not considered to be

significant considering the natural existing water quality is saline to hypersaline.
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4.6.5.3 Southern Borefield

 Surface water

4.6.5.3.1.1 Contamination of surface water resulting from construction and operation of a borefield

Contamination of surface water resulting from operation of a borefield was assessed in the Original Proposal.

This Revised Proposal incorporates disturbance of up to approximately 1,390ha in the Southern Borefield.

It is considered that this Revised Proposal does not change the risk to contamination of surface water resulting

from construction and operation of a borefield to that assessed in the Original Proposal. 

 Groundwater

4.6.5.3.2.1 Mounding of groundwater from MAR leading to modification to groundwater flows

This Revised Proposal incorporates re-injection of surplus water into the Southern Borefield creating potential

groundwater mounding.  

RHIO engaged GHD (2018) to conduct an assessment of the impacts of groundwater mounding in the Southern

Borefield as part of the WMS. The depth to groundwater within the Southern Borefield is greater than 20mbgl.

GHD (2018) found that injection in Southern Borefield is predicted to not induce water table changes in excess

of 2m except in small areas to the south of the borefield, where Tertiary Clay is thought to be missing where

water table changes up to 5m may occur (Figure 70).  The water table will remain below 10mbgl.

The risk of MAR activities in Southern Borefield affecting groundwater flows is considered negligible. 

4.6.5.3.2.2 Changes in the quality of the groundwater from MAR

Changes to groundwater resulting from mining and associated activities has not previously been assessed. 

Changes in groundwater quality may be caused by:

 poor bore construction allowing previously isolated aquifers to mix;

 abstraction altering groundwater flows allowing previously isolated aquifers to mix; and

 MAR water quality different to existing groundwater.

Drilling in the Southern Borefield has shown that water quality varies with depth and stratigraphy, reflecting the

multi-layer aquifers within the Southern Borefield.  Poor bore construction could allow water from different

aquifers to mix within the drill hole potentially contaminating shallow, low salinity horizons. Similarly, if a bore

is constructed through multiple aquifers the abstraction or re-injection into the bore will affect all aquifers. RHIO

intends to reinject MAR to deep weathered dolomite and a previously uncharacterised unit of faulting

dominated by chert and cherty-dolomite both located under a 10 to 20m thick confining layer of clay.  Bores

therefore will be constructed with blank casing from surface to the clay layer, or where water above the clay

layer is access via slotted casing, a seal layer is inserted with the clay zone to prevent mixing and slotted casing

below (Managed Recharge, 2018).
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The Southern Borefield is considered suitable for injection of brackish water (i.e. less than 5,000mg/L TDS).  It is

considered that the groundwater quality may change up to 5,000mg/L TDS however this is not considered to be

significant due to the depth of re-injection. 

RHIO have existing and demonstrated procedures for construction and operation of bores to ensure proper

construction of bores to prevent previously isolated aquifers to mix and will manage re-injection water qualities

to suit the aquifer in which the water is being reinjected. 

4.6.5.3.2.3 Changes to groundwater flows by abstraction for water supply 

Modifications to groundwater flows and drawdown resulting from groundwater abstraction for water supply

resulting were assessed in in the Original Proposal.  This Revised Proposal does not change the quantity of water

abstracted from the Southern Borefield.
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Figure 70: Predicted change in water level and depth to groundwater (Scenario 2B) showing maximum predicted

groundwater changes for Southern Borefield. 

4.6.6 Mitigation Measures 

The objective of the mitigation measures is to minimise the impact to Inland Waters resulting from

implementation of the Revised Proposal.  Mitigation measures are outlined in Table 4-42.
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Table 4-42: Inland Waters Environmental Quality Mitigation and Management Measures

Activity  Potential Impact Type Mitigation Measure

Additional

clearing and

construction

and operation

of mine and

borefield

infrastructure

Contamination of surface

water resulting from

mining and associated

activities (including

construction of

infrastructure, construction

and operation of

borefields, altering surface

water flows, increased

erosion, use of

saline/decant water for

dust suppression)

Minimise

Implement RHIO Operational Environmental

Management Procedures to reduce contamination

to the environment

Minimise
Manage facilities in accordance with Part V

Operating Licence

Monitor

Monitor Surface water in accordance with the

Mine Environmental Monitoring Manual

Contamination of

groundwater resulting

from mining and

associated activities

(including construction of

infrastructure, construction

and operation of

borefields, use of

saline/decant water for

dust suppression or re-

injection)

Minimise

Implement RHIO Operational Environmental

Management Procedures to reduce contamination

to the environment

Minimise
Manage facilities in accordance with Part V

Operating Licence

Monitor

Monitor Groundwater in accordance with the

Mine Environmental Monitoring Manual

Above ground

WRLs

Contamination of

groundwater or surface

water from leaching of

WRL

Avoid
Waste Characterisation shows minimal interaction

with PAF and large calcrete deposits

Minimise Encapsulate PAF material

Monitor 

Monitoring groundwater quality within the

proposal area to identify potential leachate to

groundwater

Erosion of the WRL leading

to increased sedimentation

and turbidity Avoid 

Above ground WRLs are only to be developed

when a mine pit void is unavailable or uneconomic

WRLs are not to be placed within established

drainage lines with significant catchments

Minimise

 

Waste landforms are to be capped with rocky

material, in accordance with the approved Mine

Closure Plan

Perimeter drains or bunds to be installed to direct

surface water away from landforms 

Design of WRLs to ensure appropriate placement

of AMD

Alluvial wastes and subsoil is to be placed within

backfilled pits or encapsulated within the WRL

WRLs should be designed to minimise the surface

area and maximise the volume/perimeter ratio

WRLs are designed to be internally draining and

minimise surface water run-off

Slope of WRLS must be designed and constructed

to minimise erosion 

Monitor Monitoring of erosion and rehabilitation

undertaken on the WRLs 
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Activity  Potential Impact Type Mitigation Measure

Rehabilitate 

WRLs will be rehabilitated as soon as practicable in

accordance with the Roy Hill Rehabilitation

Management Plan (OP-PLN-00044)

Surface water

diversions

Changes to surface water

flows resulting from creek

diversions, additional

clearing or development of

infrastructure

Avoid
Locate, design and construct infrastructure, where

possible outside of creek lines 

Minimise 

 

Design and construct permanent surface water

diversion structures such that flows are redirected

to the same creek line, where possible, as prior to

the proposal being implemented

Design and construct surface water diversions to

minimise erosion

Rehabilitate 

Re-establish downstream drainage flows to

resemble original drainage patters including

rehabilitation of major drainage lines

Monitor
Monitor geomorphic change to permanent creek

diversion structures

Monitor 

Auditing of design specifications by a Roy Hill

responsible person or suitably qualified specialist.

Monitoring of surface water flows using Water

Level Data Loggers 

Geomorphic monitoring measuring discharge and

sediment transport. 

Monitoring of surface water and groundwater

quality adjacent to the waste landforms will

continue to be undertaken

In-Pit Tailings

Disposal

Contamination of

groundwater from leaching

of in-pit TSF

Minimise
Minimise potential for seepage by decanting water

from in-pit TSF

Monitor 

Monitor Groundwater in accordance with the

Mine Environmental Monitoring Manual and Part

V Operating Licence L8621/2011/1

Rehabilitate
Rehabilitate TSF once consolidated to minimise

water inflow into pit area

MAR Changes in the quality of

the groundwater from

MAR

Avoid Water will be reinjected into aquifers of similar

water quality

Limit re-injection water quality to:

 50,000mg/L TDS into SWIB and Remote MAR

 5,000 mg/L TDS into Stage 1 Borefield and

Southern Borefield

 Mine Borefield determined on case by case

basis and approved under Part V of EP Act

Monitor Monitor quality against trigger criteria and

implement management actions should the trigger

levels be reached/exceeded 

Dewatering of

mine pits and

abstraction of

water for

water supply

Groundwater drawdown

and changes to

groundwater quality

Minimise Dewatering to only occur in areas where required

to maintain dry mining or ground conditions

Monitor Monitor groundwater levels and quality against

trigger criteria and implement management

actions should the trigger levels be

reached/exceeded
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Activity  Potential Impact Type Mitigation Measure

Groundwater

mounding and

alteration of

groundwater

flows

Mounding of groundwater

from MAR and in-pit

tailings storage leading to

modification to

groundwater flows.

Minimise
Groundwater levels to be:

 >5mbgl in SWIB and Remote MAR Borefield 

 and >10mbgl in Stage 1, Southern Borefield

and Mine Borefield

Monitor Monitor groundwater levels and quality against

trigger criteria and implement management

actions should the trigger levels be

reached/exceeded

Mining proponents in the area have adopted practices to protect the environmental values of the Fortescue

Marsh in line with the Fortescue Marsh Management Area Policy (EPA, 2013) objectives and strategies identified

for the Fortescue Marsh. Including re-injection of excess water to minimise impacts to groundwater ecosystems

and surface water features. As RHIO expands, strategies are similarly being developed to avoid impact on the

water and environmental values of the Fortescue Marsh.

4.6.7 Predicted Outcome

When the mitigation and management measures have been implemented, it is expected that the Proposal will

result in the following residual impacts and outcomes in relation to Inland Waters:

 Groundwater mounding has the potential to increase groundwater flow gradients, however this impact will

be limited to immediately adjacent to the injection areas.

 Impacts to groundwater levels may be evident in the Mining area for up to 100 years post mining (GHD,

2018), however impacts will decrease over time and are not expected to be significant regionally.

Implementation of the Revised Proposal is not expected to affect groundwater salinity or quality and not

expected to contribute to any potential cumulative impact. Similarly, implementation of the Revised Proposal is

not expected to permanently impact surface water flows or quality in the Remote MAR Borefield and Southern

Borefield. Impact in the Mine area will be limited to permanent diversions as above and are not expected to

contribute to any potential cumulative impact.

It is expected that the EPA’s management objective for Inland Waters will be achieved as it is not expected that

the hydrological regimes and quality of groundwater and surface water will be significantly impacted by the

activities of the Revised Proposal and environmental values particularly in respect to Fortescue March are

protected.  
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5 Other Environmental Factors
The potential impacts to the EPA’s environmental objective for the factors Social Surroundings, Air Quality and

Terrestrial Environmental Quality have been previously assessed during the Original Proposal.  It is not

considered that this Revised Proposal increases or changes the potential level of impact to the three factors

mentioned above, however section 6.1 to 6.3 discuss RHIO management of these factors and mitigation

measures and outcomes.  As a result of these measures, it is not expected that the environmental factors will

be required to be assessed in detail by the EPA.  

5.1 Other Environmental Factor – Social Surroundings

The following table provides a summary of the impacts, mitigations and outcomes for the Social Surroundings

factor.

Table 5-1: Summary Assessment of Impacts to Social Surroundings

Element Description

EPA Objective To protect social surroundings from significant harm

Policy and guidance Environmental Factor Guideline – Social Surroundings 2016

Potential Impacts Potential impacts to the aesthetic, cultural, economic and social surroundings 

Mitigation 

Undertake mitigation measures as outlined in previous impact assessments.  Mitigation

measures include:

 Ongoing consultation with pastoralists during the Project to minimise impacts on pastoral

activities through restrictions and control of stock grazing areas

 Fencing where required to prevent cattle access

 Quarterly meetings with Nyiyaparli People in accordance with the Roy Hill – Nyiyaparli

Project Agreement allow for regular feedback on heritage and environmental queries as

they arise 

 Implement RHIO’s Cultural Heritage Management Plan (EA-PLN-00002)

 Avoid disturbance to known cultural heritage sites and places with recognised ethnographic

values

 Where disturbance to cultural heritage sites and or places with recognised ethnographic

values cannot be avoided, obtain Ministerial consent under Section 18 of Aboriginal

Heritage Act 1972

 Implement control measures to mitigate damage to undisturbed cultural heritage sites in

collaboration with the Nyiyaparli People

 Report new or unauthorised disturbances to culturally sensitive sites to Department of

Planning, Lands and Heritage (DPLH) and the Nyiyaparli Implementation Committee

Outcomes No increase or change the potential level of impact to Social Surroundings

5.1.1 Pastoralists

RHIO has been in consultation with key stakeholders, including pastoralists, during exploration, pre-feasibility

studies, construction and operational activities. These consultations have included discussions relating to post

mining land use and mine closure. From discussions held to date with pastoralists, the expectation is that on

completion of mining the site will be rehabilitated and returned to pastoral and low intensity cattle grazing land-

use.



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 247 of 304

5.1.2 Native Title and Heritage

The Mine is situated on Nyiyaparli country. The Nyiyaparli People hold native title rights and interests over

approximately 36,000km2 as determined by the Federal Court in September 2018 (WCD2018/008). 

RHIO’s approach to heritage is to work closely with the Nyiyaparli People in order to mitigate impact on heritage

values from adverse impacts of project activities and to promote preservation. The processes used to implement

the standards for heritage across the project included best practice for field-study, and documentation of

cultural heritage, the implementation of chance find procedures, ongoing consultation and involvement of the

Nyiyaparli People, and impact to heritage sites as a last resort only when other design options have been

considered and exhausted. 

An ongoing process of compliance monitoring and regular reporting to external agencies and parties is in

operation. Reporting to the DPLH occurs on an annual basis in accordance with conditions placed on statutory

approvals obtained under the Aboriginal Heritage Act 1972 (WA). Quarterly Implementation Committee

meetings with representatives of the Nyiyaparli People are undertaken in accordance with commitments in the

Roy Hill – Nyiyaparli Project Agreement. These meetings allow for regular feedback on heritage and

environmental queries as they arise. 

RHIO’s approach to heritage is in accordance with the Equator Principles relating to the social and economic risk

in large scale projects. The Equator Principles are an internationally recognised financial industry benchmark for

determining, assessing and managing social and environmental risk during project financing.

The proposed changes in this Revised Proposal are not considered to result in any additional impact to social

surroundings as that already assessed.
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5.2 Other Environmental Factor – Air Quality

The following table provides a summary of the impacts, mitigations and outcomes for the Air Quality factor.

Table 5-2: Summary Assessment of Impacts to Air Quality

Element Description

EPA Objective To maintain air quality and minimise emissions so that environmental values are protected.

Policy and guidance Environmental Factor Guideline – Air Quality 2016

Potential Impacts 

 Greenhouse gas emissions resulting from fuelling machinery and vehicles

 Dust emissions resulting from crushing and screening of material, mining and handing of

minerals, stockpiling of bulk materials and vehicle / machinery movement

Mitigation 

Undertake mitigation measures as outlined in previous impact assessments.  Mitigation

measures include: 

 Regular inspection, maintenance and replacement of mobile equipment so that efficiency

is maximised during the life of the item

 Maximise efficiency of blasting operations

 Review, and implement where practical, options to improve greenhouse gas emissions

 Monitor, report and manage greenhouse gas emissions as required under NGER Act

 Use dust suppression to manage dust generation from haul roads, access roads and open

areas

 Use water sprays to manage dust generation from ore processing, transport and stockpiles 

 Limit the number and height of stockpiles

 Trip distances to be controlled and reduced where possible

 Vehicles to be confined to designated routes with speed limits strictly enforced.

Outcomes 

No significant change in the level of impact to Air Quality

 Potential increase to greenhouse gases resulting from Revised Proposal, however the

emissions intensity is expected to remain consistent with Original Proposal.

 Increased clearing may result in increased potential for dust however this can be

successfully managed via existing processes

5.2.1 Greenhouse Gases

Initial assessments of greenhouse gas emissions of the Mine provided in the Original Proposal indicated the

project was estimated to contribute an average of 280,000t CO2-e per annum (Scope 1 emissions) to the

atmosphere with a corresponding greenhouse gas intensity of 7.93kg (0.00793t) CO2-e per tonne shippable iron

ore, assuming an average annual production of 55Mt/a. 

In 2017 RHIO conducted a review of its of greenhouse gas emissions. This study found that the majority (99.4%)

of Scope 1 emissions came from the combustion of diesel by machinery and vehicles including the mine haulage

fleet, and processing equipment. RHIO buys the majority of its electricity from Alinta who report GHG emissions

separately. RHIO does however have an onsite power station as a contingency against interruption of supply

from Alinta.

RHIO commenced reporting under Section 19 of the National Greenhouse and Energy Reporting Act 2007 (NGER

Act) in 2012-13 financial year. Following changes in legislation, and the subsequent introduction of the Safeguard

Mechanism operating under the NGER Act RHIO applied to the Clean Energy Regulator for a New Facility

calculated-emissions baseline to apply to the RHIO Mine for the three-year period FY2016-17 to FY2018-19.  In



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 249 of 304

applying for this baseline, RHIO projected emissions to FY2018-19.  Internal forecasts have been conducted to

2021-22.  Reported, projected and internally forecast emissions for the Mine are provided in Table 5-3.  

Table 5-3: Summary of Greenhouse Gas Emissions
Financial Year Reported Emissions Projected Emissions 

(included in Safeguard 

application)

Internal Forecast

Emissions

2012-13 15,181  

2013-14 40,339  

2014-15 118,741  

2015-16 86,369  

2016-17 194,180  

2017-18 391,919  

2018-19  386,581 459,817

2019-20   409,747

2020-21   396,987

2021-22   411,486

Following the period to which the New Facility calculated-emissions baseline will apply, RHIO will either apply

for a production adjusted baseline or a further calculated-emissions baseline.   

Emissions intensity variables have been calculated as part of the New Facility calculated-emissions baseline as

provided in Table 5-4.

Table 5-4: Emissions Intensity
FY Period Production 

Variable 

Production 

(t) 

Emissions 

(tonnes CO2-e) 

Intensity

(tonnes CO2-e / t)

FY 2014 - 15 Iron Ore No production - mine under 

construction

- -

FY 2015 - 16 Iron Ore 10,228,366 85,742 0.00838

FY 2016 - 17 Iron Ore 33,456,712 191,029 0.00571

FY 2017 - 18 Iron Ore 54,859,672 391,919 0.00714

FY 2018 - 19 Iron Ore 54,937,893 459,817 0.00837

FY 2019 - 20 Iron Ore 55,000,000* 409,747* 0.00745*

FY 2020 - 21 Iron Ore 55,000,000* 396,987* 0.00722*

FY 2021 -22 Iron Ore 60,000,000* 411,486* 0.00686*

* Current assumptions 

The Safeguard Calculated Emissions Baseline Basis of Preparation (Appendix 15) provides details of RHIOs

forecast processes, material assumptions, data reviews and methodologies.  

In estimating the annual emissions for the Revised Proposal for remaining LOM, RHIO has applied a 10% safety

factor to the FY 2021-22 estimation as outlined in Table 5-4, to account for future expansions covered by this

Revised Proposal and uncertainties in future diesel usage.  RHIO predict emissions to be approximately

450,000tCO2-e per annum with a corresponding greenhouse gas intensity of 7.5kg (0.0075t) CO2-e per tonne

shippable iron ore, assuming an average annual production of 60Mt/a.  
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RHIO will continue to report and manage greenhouse gases under the NGER Act and new Safeguard Mechanism.

The Revised Proposal is not considered to result in any significant changes to air quality to that previously

assessed.

5.2.2 Dust Emissions

Activities associated with the Revised Proposal have the potential to cause dust emissions at the mine, however

these are not considered to be over and above that assessed in the Original Proposal.  Given the remote location

of the mine, the sensitive receptors are limited to the mine site work force.

Dust emissions can be controlled using existing Dust Management Procedures.

 



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 251 of 304

5.3 Other Environmental Factor - Terrestrial Environmental Quality

The following table provides a summary of the impacts, mitigations and outcomes for the Terrestrial

Environmental Quality factor.

Table 5-5: Summary Assessment of Impacts to Terrestrial Environmental Quality

Element Description

EPA Objective To maintain the quality of land and soils so that environmental values are protected

Policy and guidance Environmental Factor Guideline – Terrestrial Environmental Quality 2016

Potential Impacts 

 Erosion of additional waste rock landforms leading to unstable landforms, erosion and

discharge of sediment

 Clearing of additional vegetation resulting in erosion of additional disturbed surfaces

 Contamination of soils from spills or leaks of fuels/oils and other waste generated by the

mine operations

Mitigation

Undertake mitigation measures as outlined in previous impact assessments.  Mitigation

measures include:

 Mitigation measures as outlined in Table 4-42

 Cleared areas will be minimised, with preference given to using existing cleared areas (i.e.

existing tracks etc)

 Contour ripping of rehabilitated areas to reduce erosion

 Cleared areas will be regularly monitored for excessive erosion

 Cleared areas will be rehabilitated as soon as practicable

 Waste material will be recycled where practicable in accordance with the Roy Hill (OP-PRO-

00063)

 Landfill will be managed in accordance with Landfill Management Procedure (OP-PRO-

00049) and Part V Operating Licence L8621/2011/1

 All contaminated soils will be remediated and/or disposed of appropriately in accordance

with and Roy Hill Spill Response Procedure (OP-PRO-00275)

 Hydrocarbons and chemicals will be handled, stored and disposed of in accordance with

legal requirements and Roy Hill Chemical Management Procedure (OP-PRO-00289)

 Spill kits will be located adjacent to all hazardous material storage areas in accordance with

Roy Hill Chemical Management Procedure (OP-PRO-00289)  

Outcomes 

No significant increase or change to the potential level of impact to Terrestrial Environmental

Quality

 Potential erosion, sedimentation and turbidity resulting from additional waste rock dumps

can be successfully managed in accordance with approved Mine Closure Plan

 Additional disturbance and removal of vegetation may result in additional erosion however

this can be successfully managed in line with OP-PRO-00187 Roy Hill Clearing and Soil

Management Procedure

 Site generated waste can be appropriately managed via existing legislation (Part V of EP Act

– Operating Licence L8621/2011/1) and existing management strategies.

Surveys and studies have been undertaken regarding characterisation and leach testing of waste rock.  These

are listed in Table 5-6.
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Table 5-6: Completed Baseline Terrestrial Environment Surveys and Studies

Consultant  Title Description Guidance/Methodology*

Soil and Water

Consultants,

2010

Roy Hill Soil and Waste

Characterisation 

Investigations and testing to

identify soil and waste

chemical and physical

properties

Australian Soil and Land Survey – Field

Handbook. McDonald, R.C. and Isbell,

R.F. (2009).

Graeme

Campbell and

Associates, 2014 

Roy Hill Review of

Previous Geochemical

Investigation for Mine

Waste Management and

Closure Planning and

Suggested Approach for

Follow up Testing 

Review of Roy Hill existing

waste characterisation 

SRK Consulting,

2015

Roy Hill Review of

Geochemical Database 

Review of Roy Hill

Geochemical Database to

identify knowledge gaps and

inform testing strategy

Acid Mine Drainage Test Handbook

AMIRA International 2002

SRK Consulting,

2016

Roy Hill - Geochemical

Characterisation of

Waste Rock Samples,

September 2016

Geochemical

characterisation of waste

rock to determine

management of acid

generation and

metalliferous drainage.

Acid Mine Drainage Test Handbook

AMIRA International 2002

SRK Consulting, 

2017 

Roy Hill – Geochemical

Characterisation of Iron

Ore Tailings, August 2017

Geochemical

characterisation of tailings.

Acid Mine Drainage Test Handbook

AMIRA International 2002

SRK Consulting, 

2018 

Saturated leach column

test work -  Test Status

and Recommendations,

May 2018

Results of saturated leach

columns.

Acid Mine Drainage Test Handbook

AMIRA International 2002

SRK Consulting, 

2018a 

Operating of Seven

AMIRA free draining

columns – test status and

recommendations,

January 2018

Results of AMIRA free

draining columns

Acid Mine Drainage Test Handbook

AMIRA International 2002

Landloch, 2016 Soil and Waste

Characterisation Project:

Final Report, April 2016

Assessment of the erosional

differences between the

main material types and

their resultant batter design

limits.

Landloch, 2017 Extreme Rainfall Events:

Impacts on Erosion

Model Outputs and

Rehabilitation Landform

Designs, March 2017

Identify aspects of a

landform that could be

adversely impacted by

inclusion of more extreme

rainfall events (including

PMP) within the modelling

process and determine daily

rainfall total values for

extreme events.

Landloch, 2017a Assessment of Rocky

Rehabilitation Resources

at Roy Hill

Iron Ore, July 2017

Identify and assess the rocky

materials available at the

Mine
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The iron mineralisation at the RHIO mine is a unit of the Marra Mamba Formation known as the Nammuldi

Member and the overlying detrital deposits.  The Marra Mamba Formation lies over the shale, chert and

dolomite of the Jeerinah Formation (SMEC, 2009b).  The detrital deposits consist mainly of clays, unconsolidated

silt, sand and gravel, while above this layer along the drainage lines are calcrete and silcrete deposits (SMEC,

2009b).  

Quaternary alluvial and colluvial deposits of red-brown sandy clay are found on the lower slopes of the ranges. 

They overlie the Nammuldi member and increase in thickness heading south west into the Fortescue Valley

(MWH, 2007; ecologia Environment, 2008).

Soils occurring within the Mine area are strongly reflective of landforms and erosional processes. Soils restricted

to the outcropping ironstone and upper slopes of the Chichester Range, along the north-eastern portion of the

mining lease areas, consist of a very shallow soil cover (typically <30cm depth) overlying the massive ironstone

of the Marra Mamba Iron Formation. Depth of the gravelly soils cover may reach 1m in depressions in the

ironstone surface although these areas are limited in spatial extent.  Soils covering the majority of the area to

be mined within the flat areas have formed by alluvial and fluvial deposition of weathered material from the

Chichester Range, and therefore are composed of defined layers of distinct soil materials ranging from gravels

(with >90% gravel fraction) to loams (with no gravel fraction). The depth of the surface alluvial soils overlying

ironstone or laterite have surficial soil depths of 1-2m and >2m. These soils exhibit very poor topsoil and

pedogenic development with only a slight accumulation of organic matter and root abundance occurring in the

surface soils.

Analysis of the topsoils across the Mine identified that the soils are deficient in most nutrients (plant available

nitrogen and phosphorus) and contain only moderate levels of plant available potassium and sulphur. These are

typical characteristics of arid zone soils (Landloch, 2015). The soils have low organic carbon contents, reflecting

the minimal accumulation of organic matter. Soil testing determined that the soils are typically slightly acidic,

non-saline and low in nutrients (Soil Water Consultants, 2010 and Landloch, 2015). There are some indications

of sodicity from subsoil samples (Landloch, 2015). 

An airborne electromagnetic survey completed in the mining area provided information on the bulk electrical

conductivity of the sub-surface materials, which is predominantly controlled by the salinity of the groundwater

occupying the pore spaces.  The survey identified that soils in the mining area were generally of a very low

salinity, with a zone of higher electrical conductivity around the Marsh, which corresponded with the extent of

saline groundwater which was mapped in the hydrogeological investigations (SMEC, 2009b).

5.3.1 Additional Waste Rock Landforms

RHIO ensures that backfilling is considered as the preference to creating above ground WRLs. The RHIO mine

will produce significant quantities of waste materials that will require disposal and management.  Construction

of additional WRLs, as a result of the Revised Proposal has potential to impact terrestrial environmental quality. 

If a significant proportion of the waste materials generated during mining are classified as erodible, this can lead

to unstable landforms and the discharge of sediment outside of the landform footprint. 

Section 4.6.5.1.1.3 outlines the details of the waste materials and WRL design criteria to limit erosion from WRLs.
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The WRLs will be constructed from waste material of Alluvial, Detrital and Bedded origin. RHIO has undertaken

a number of studies to inform WRL design criteria based on material type and extreme weather events. The WRL

have been designed and located to ensure post closure landforms remain stable and non-polluting. The final

profiles will be generally consistent with the highest natural topographic point within the surrounding area (2km

radius).  WRLs will be designed to criteria outlined in the current approved Mine Closure Plan (Appendix 14). 

This Mine Closure Plan will be updated every three years as required under the Mining Act and submitted to

DMIRS for approval.

The bench height may vary depending upon haulage profiles but will not affect the ability of the operation to

establish the final slope profile. Physical aspects (height, elevation, slope, water flows, aspect) and material

chemical properties (dispersive, reactive and leaching) specific to the location will be considered throughout the

design process of each WRL. Where possible WRLs will be tipped against existing hills to blend with the natural

topography. The proposed conceptual WRL locations are shown in Figure 8.
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Figure 71: Proposed conceptual WRL locations
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5.3.2 Additional Disturbance and Removal of Vegetation

Terrestrial Environmental Quality may be impacted by additional disturbance required by the Revised Proposal.

Additional disturbance is required for appropriately sized mine pit abandonment bund areas, additional Run of

Mine pads and WRL as well as further surface water diversions, access tracks, haul roads, conveyors and Remote

MAR Borefield and Southern Borefield. The Revised Development Envelope has also been increased to that

approved under the Original Proposal to provide additional flexibility to locate infrastructure and to incorporate

the proposed Remote MAR Borefield and to expand the Southern Borefield.

Where disturbance is unavoidable, progressive rehabilitation will be employed to effectively recover and re-use

the topsoil immediately without stockpiling, limiting the potential erosion effects on the area. Cleared

vegetation and rock may be scattered on rehabilitation sites to improve vegetation establishment and reduce

erosion. Contour ripping of rehabilitated areas can also be used to control erosion by improving rainfall

infiltration and reducing sediments loads in runoff during heavy rainfall.

It is not considered that the additional clearing required under the Revised Proposal will result in any additional

significant impacts on the Terrestrial Environmental Quality to that already assessed under the Original Proposal.

5.3.3 Site Generated Waste

General domestic waste, industrial waste and hazardous waste, if inappropriately managed, has the potential

to contaminate soils. Inert, putrescible and industrial waste associated with the Revised Proposal will continue

to be disposed of into the existing site landfill facility and all ablution effluent will continue to be disposed of

within the existing on-site waste water treatment facilities or removed from site by licenced controlled waste

carriers. 

Bulk quantities of fuel and other chemicals required for operations will continue to be stored in on-site bulk

storage facilities. Fuel and chemical storage and handling will be in accordance with Australian Standard (AS)

1940. 

Waste generation, disposal and management will not be significantly different to that already assessed under

the Original Proposal. Waste will continue to be handled, stored, treated and/or disposed of in a manner that

minimises the risk to be ecological and social values.
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6 Offsets

6.1 EPA Objective 

The EPA’s environmental objective for proposals that may require Environmental Offsets is “To counterbalance

any significant residual environmental impacts and/or uncertainty through the application of offsets”.

The relevant policy and guidance for Environmental Offsets is summarised in Table 6-1.

Table 6-1: Offset Policy and Guidance

Author Title Year of Publication 

EPA WA Environmental Offsets Policy 2011

EPA Environmental Protection Bulletin Number 1: Environmental Offsets 2014

EPA WA Environmental Offsets Guidelines   2014

EPA Cumulative environmental impacts of development in the Pilbara region 2014

EPA Environmental Impact Assessment (Part IV Divisions 1 and 2) procedures manual  2016

DSEWPaC EPBC Act Environmental Offsets Policy 2012

The EPA Environmental Offsets Guidelines outlines that environmental offsets will only be considered after

strategies to avoid and mitigate significant environmental impacts have been applied. Environmental Offsets

address significant environmental impacts that remain after on-site avoidance and mitigation measures have

been undertaken.  EPA Environmental Offsets Guidelines describes the mitigation hierarchy (Figure 72) being

avoid, minimise, rehabilitate and offset.

 

Figure 72: Hierarchy of Impact Mitigation (EPA, 2014)

In implementing the Revised Proposal, RHIO have taken this hierarchy into consideration to reduce potential

impacts on the environment.
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The WA Environmental Offsets Policy (EPA, 2011) and WA Environmental Offsets Guideline (EPA, 2014) provide

guidance to proponents on the approach needed to determine offset requirements for proposals. The

Environmental Offsets Guideline (EPA, 2014) states that:

“In general, significant residual impacts include those that affect rare and endangered plants and animals (such

as declared rare flora and threatened species that are protected by statute), areas within the formal

conservation reserve system, important environmental systems and species that are protected under

international agreements (such as Ramsar listed wetlands) and areas that are already defined as being critically

impacted in a cumulative context. Impacts may also be significant if, for example, they could cause plants or

animals to become rare or endangered, or they affect vegetation which provides important ecological

functions”.

The EPA has recognised that cumulative impacts in the Pilbara have reached significant levels since 2012. As a

result, the EPA [prepared strategic advice under s16(e) of the EP Act, Cumulative environmental impacts of

development in the Pilbara region (EPA, 2014) In this report, the EPA acknowledged that the Pilbara region is a

national biodiversity hotspot. It is characterised as an area of very high biodiversity, with high species richness

and many endemic flora and fauna species. The EPA also recognised that the Pilbara is an important area for the

mining industry. The region is likely to remain the principal area for iron ore mining for the next 50 years, given

the size of the iron ore reserves (EPA, 2018).

The rate, scale and nature of current and future development, combined with the impacts of other threatening

processes, is of concern to the EPA. The EPA considers that without intervention, the increasing cumulative

impacts of development and land use in the Pilbara region will significantly impact on biodiversity and

environmental values (EPA, 2014 cited in EPA, 2018).

The EPA also recognises that the scale and nature of the clearing within the Pilbara has additional consequences.

These include loss and fragmentation of fauna habitat, interruption of and changes in overland surface water

flows, and reduced vegetation condition and fauna population resilience through mechanisms such as changes

in fire regimes and increased feral pests and weeds (Government of Western Australia 2015). There is also

limited evidence of successful rehabilitation of mined areas (EPA, 2014 cited in EPA, 2018).

The approach to offsets that is usually implemented in other areas of the state is the acquisition of land with

similar environmental values and/or undertaking on-ground management actions, usually within conservation

areas. Conservation areas in the Pilbara total about eight per cent of the area, with the remainder mostly crown

land overlain with mining tenements and pastoral leases. The opportunity for proponents to implement

traditional approaches to offsets, namely land acquisition and management, is therefore limited (EPA, 2018).

In recognition of these challenges faced in the Pilbara, since 2012 the EPA has been recommending conditions

that require significant residual impacts be offset through contributions to a strategic conservation initiative.

The initiative is now known as the Pilbara Environmental Offsets Fund and is currently being established by the

state government. The fund will address these significant residual impacts through a coordinated approach at

the landscape scale (EPA, 2018).

The EPA recognises that the fund’s establishment is consistent with the principles in the ‘WA Environmental

Offsets Policy’, which states that environmental offsets will be focused on longer-term strategic outcomes
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(Principle 6). Strategic approaches, such as use of the fund, will provide a coordinating mechanism to implement

offsets across a range of land tenures (EPA, 2018).

In its previous assessments, the EPA has considered that the clearing of native vegetation in ‘Good to Excellent’

condition within the Chichester, Hamersley and Fortescue IBRA subregions constituted a significant residual

impact that required an offset. In addition, for some proposals, the EPA has also considered that the clearing of

foraging habitat for threatened species, and impacts on PECs and riparian vegetation, also required an offset. 

The EPA has previously recommended that within the Hamersley, Chichester and Fortescue IBRA subregions, a

dollar rate per hectare of clearing should be contributed to the fund. These rates reflect the significance of the

environmental values of the vegetation to be cleared and level of cumulative impact within each subregion. The

approach to date has been a:

 base rate per hectare for impacts on native vegetation in ‘Good to Excellent’ condition, which includes

impacts on fauna habitat;

 higher rate per hectare for impacts on other important or specialised environmental values including but not

limited to impacts on riparian vegetation, PECs, important vegetation types, and specialised fauna habitat;

and

 a negotiated rate, or alternative approach, determined on a case-by-case basis for impacts that relate to

specific threatened species, or particular land tenure, for instance A-Class Reserves.

At present the EPA considers that when a proposal is referred, and an offset is required, the fund’s current rates

and approach will be applied.

Environmental aspects of this Revised Proposal were assessed for potential significant residual impacts and

further discussed in section 6.2. 

6.2 Offset Requirements for the Revised Proposal

Currently MS 824 and MS 829 authorise 11,993ha of native vegetation clearing which is not subject to offsets. 

This Revised Proposal is seeking an additional clearing allocation of 5,995ha.  In assessing the level of significance

of impact, the additional clearing allocation of 5,995ha has been applied.

The Revised Proposal has the potential to affect the Key Environmental Factors of Flora and Vegetation,

Terrestrial Fauna, Subterranean Fauna and Inland Waters.  These have been outlined in detail in section 4. The

potential impacts to the Key Environmental Factors of Social Surroundings, Air Quality and Terrestrial

Environmental Quality have been previously assessed during the Original Proposal.  It is not considered that this

Revised Proposal significantly changes the potential level of impact to these environmental factors.

The Revised Proposal is located within the Fortescue and Chichester IBRA subregions. Based on previous EPA

advice a dollar rate per hectare of clearing should be contributed to the Pilbara Environmental Offsets Fund

native vegetation in ‘Good to Excellent’ condition, which includes impacts on fauna habitat.  Impacts to

vegetation in good to excellent condition is not listed as an example of a significant residual impact which will

or may require an offset in the EPA (2014) WA Environmental Offsets Guidelines, however it has been

highlighted as requiring offsets by the EPA in various EPA Reports (i.e. 1533, 1610).  Inclusion of this aspect in

offset calculations for this Revised Proposal will be the subject of further negotiation with the EPA.
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Table 6-2 outlines aspects that are considered to have the potential to have significant impact. These have been

assessed following proposed mitigation measures to determine a level of residual significance in accordance

with the WA Environmental Offsets Guidelines (EPA 2014).
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Table 6-2: Level of Signifcance of Impact

Part V Clearing 

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

Environmental Factor – Flora and Vegetation

Rare Flora Section 4.3 

No declared rare flora or threatened

flora species has been found to occur

within the Proposal area

Impact avoided NA NA No

TECs Section 4.3.3.6.1 

No Commonwealth-listed or State listed

Threatened Ecological Communities

(TEC) have been recorded in the Revised

Development Envelope

Impact avoided NA NA No

Remnant

Vegetation

Impacts from the combined Revised

Proposal and Original Proposal will not

result in vegetation complexes with

<30% of its pre-clearing extent remaining

in the relevant bioregion.

Impacts from the Revised Proposal are

not expected to cause a high degree of

ecosystem fragmentation

Impact avoided NA NA No

Wetlands and

waterways

The combined Revised Proposal and

Original Proposal will not directly impact

on the flora and vegetation of Fortescue

Marsh

 

Clearing of 158.6ha of native vegetation

that is watercourse dependant is

expected to occur as part of this Revised

Proposal

Section 4.3.4 

Impact of up to

158.6ha

vegetation of

riparian

vegetation is

unavoidable

during

implementation

of this Revised

Proposal

RHIO have an

existing 500m

drainage buffer in

place to which

clearing of flora

and vegetation is

minimised to

reduce shadow

effects to

Reinstatement of

creek diversions

where possible. 

Creation of

permanent creek

diversions where

re-instatement is

not possible or

does not provide

the best

Extent

158.6ha of clearing of vegetation (and

associated fauna habitat) associated

with waterways

No clearing of vegetation associated

with wetlands

 

Quality of Environmental Value

Vegetation is primarily in very good to

good condition outside mining area,
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Part V Clearing

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

10,656.43ha of FMMA zones has a low

likelihood of being indirectly impacted

through changes in groundwater levels.

 downstream mulga

vegetation

 

Clearing of water

courses will be

minimised where

possible

 

Section 3.3.5 –

Surface water

diversion will be

designed to

minimise impacts

to downstream

riparian vegetation

 

Buildings and

infrastructure will

be located to avoid

watercourses.

 

Pipelines will be

buried at creek

crossings

 

Section 4.3.5.3 -

Drawdown impacts

on GDV 

 

Section 4.3.5.1.3 –

Mounding impacts

on GDV

environmental

outcome.

however some areas impacted by

cattle grazing are in poor to very poor

condition (Section 4.3.3.3)

 

Conservation Significance

The area is not currently reserved

under statue for conservation

Tenure

The area is mining tenure on pastoral

leases

 

Time Scale

The Original and Revised Proposal will

be implemented over a period of 20

years
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Part V Clearing

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

Section 4.3.5.1.4 –

Impacts on surface

water flows

resulting from

permanent creek

diversions

Conservation

Areas

The Revised Proposal will not impact any

areas reserved under statue or managed

for the purpose of conservation

Impact avoided NA NA No

High Biological

Diversity

The Fortescue Marsh is the only area

identified as having high biological

diversity with respect to flora and

vegetation within the vicinity of the

Original and Revised Proposal.  Impact

on the flora and vegetation of Fortescue

Marsh will be avoided.

The proposed clearing associated with

the Mine, Remote MAR Borefield and

Southern Borefield occur within

Fortescue Marsh Management Zones

considered to have Low or Medium

environmental significance (Section

4.3.3.6.2).

Impact avoided    NA NA No

Vegetation in

Good to Very

Good condition

Vegetation health in the Mine Area was originally assessed in baseline studies based on point mapping as approximately half in very good to good

condition and half in poor to very poor condition. In the Remote MAR Borefield vegetation is mostly in mapped as very good condition except around

the Fortescue River where vegetation is degraded to severely degraded. The Southern Borefield vegetation is predominantly mapped as in very good

condition. Degraded areas in the Mine area and Remote MAR Borefield are degraded largely due to cattle grazing.  In the Mine area this impacts

mulga woodland through altering the surface water runoff, as well as increased fire regimes resulting in mortality of young mulga trees. Along the

Fortescue River degradation is caused by cattle grazing and infestation by weeds.    

 

RHIO will conduct veg mapping in the Mine Area (Revised Disturbance Area) to determine the extent of vegetation in Good to Very Good condition

that will be impacted by the Revised Proposal. In the Remote MAR and Southern Borefields 2174.5ha of vegetation in good to excellent condition will

be disturbed as a result of the Revised Proposal. 
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Part V Clearing

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

Environmental Factor – Subterranean fauna

High Biological 

Diversity

Section 4.5

There are no areas identified as being of

high biological value to subterranean

fauna impacted by the Revised Proposal.

Impact avoided NA NA No

Habitat for

Fauna

Section 4.5

No subterranean fauna (stygofauna or

troglofauna) declared as specially

protected under WC Act, or listed as

threatened species, or likely to become

listed, have been found to occur in the

Original or Revised Proposal impact area,

or in habitat contiguous with that of the

Revised Proposal area.  The impacts from

this Revised Proposal is unlikely to cause

any additional impacts not previously

assessed 

Impact avoided NA NA No

Environmental Factor – Terrestrial Fauna

Wetlands and

Waterways

Section 4.4

The proposal will not directly impact on

fauna habitats specific to Fortescue

Marsh

 

Clearing of 402.97ha of Major Drainage

line is expected.

 

Major Drainage Line, was considered to

have a moderate significance given that

fauna of conservation significance were

recorded in instances of this habitat and

it may support small and sparse

Avoid impacts to

fauna by locating

infrastructure

away from known

areas of

conservation

significant

habitat.

 

Avoid impacts to

specific habitat

features including

the semi-

Minimise clearing

of major drainage

lines as much as

possible.

 

Where clearing is

required, mature

trees containing

hollow logs etc will

be salvaged and

relocated

Clearing and

rehabilitation will

be undertaken

progressively

where possible.

 

Significant water

courses will be

rehabilitated such

that they are stable

and self-sustaining

under drainage

patterns similar to

those existing prior

Extent

402.97ha of clearing of vegetation

(fauna habitat) associated with

wetlands and waterways

 

Quality of Environmental Value

Vegetation is primarily in degraded

condition (Section 4.3.3.3)

 

Conservation Significance

The area is not currently reserved

under statue for conservation

 

Tenure
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Part V Clearing

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

populations of such species, specifically

Pilbara Olive Python.  

permanent water

pools.

to commencement

of mining.

The area is mining tenure on pastoral

leases

Time Scale

The Original and Revised Proposal will

be implemented over a period of 20

years.

Conservation

Areas

The Revised Proposal will not impact any

areas reserved under statute or

managed for the purpose of

conservation.

Impact avoided NA NA No

High Biological

Diversity

The Fortescue Marsh is the only area

identified as having high biological

diversity with respect to fauna habitat

within the vicinity of the Proposal. 

Impact on the flora and vegetation of

Fortescue Marsh will be avoided.

Impact avoided NA NA No

Habitat for

Fauna

One of the habitats recorded, Spinifex

Sandplain, was considered to have a high

significance due to the occurrence of

fauna of conservation significance,

including the Greater Bilby and Night

Parrot. 

 

Clearing of 324.51ha of Spinifex

Sandplain habitat is expected to occur

Area to be

avoided where

possible in

Borefield areas

 

Complete

targeted fauna

survey of

borefield and

pipeline route

prior to

construction to

avoid potential

Greater Bilby

burrows.

Minimise impacts

to fauna by:

 

Minimise clearing

of Spinifex

Sandplain habitat

type as much as

possible

 

Pipelines to have

fauna crossings

installed every

600m with the

crossing consisting

Clearing and

rehabilitation will

be undertaken

progressively

where possible

Extent

324.51ha of Spinifex Sandplain habitat

is expected to be impacted 

 

Quality of Environmental Value

Vegetation is primarily in very good

condition (Section 4.3.3.3)

 

Conservation Significance

The area is not currently reserved

under statue for conservation

 

Tenure

The area is mining tenure on pastoral

leases
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Part V Clearing

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

 of 15m of buried

pipeline.

 

Where an occupied

Greater Bilby

burrow is located

near a proposed

pipeline, a

combination of

burial and earth

ramps will be

installed to provide

more frequent

fauna crossings. 

 

Where pipe

installation requires

trenches:

Check open

trenches for the

presence of

trapped fauna at

least twice a day;

no later than 3.5

hours after sunrise,

between the hours

of 3:00pm and

6:00pm and no

more than one

hour prior to

backfilling trenches.

Trapped fauna to

be rescued and

relocated

Time Scale

The Proposal will be implemented over

a period of 20 years.
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Part V Clearing

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

appropriately.

Records of fauna

relocation to be

kept.

 

Construct open

excavations /

trenches with a

permanent means

of fauna egress

(e.g. ramps) and

refuges (e.g. shade

cloth shelter

covers) at intervals

not exceeding 50m.

 

Record trench

inspections and

fauna relocations

 

Maintaining a fauna

sighting register for

feral animals or

conservation

significant species.
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Part V Clearing

Principles

Impact Avoid Minimise Rehabilitate Significant Residual Impact

Two semi-permanent pools were

recorded in the Revised Development

Envelope.  Each of these features is likely

to support conservation significant

species, as well as a diverse array of

species and should be considered a

significant feature of the Revised

Development Envelope

Impact avoided

 

The Two semi-

permanent pools

are not expected

to be impacted by

the Revised

Proposal

NA NA No

One Cave feature was recorded in the

Revised Development Envelope with

evidence of Ghost Bat present

Impact avoided

 

The cave will not

be impacted by

the Revised

Proposal

NA NA No



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Rev Document Number Author Approver / BFO Issue Date Page 

0 OP-APP-00049 S Blake/B Sinclair Manager Enviroment & Approvals 01/03/2019 269 of 304

6.3 Existing Offset Requirements

Previous impact assessments for the RHIO Mine have not resulted in residual significant environmental impacts,

such that an offset was required.

Roy Hill Infrastructure Pty Ltd however has implemented an offset program for the rail component of the Roy

Hill project under Condition 3 of the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act)

Approval Decision 2010/5424 and provides a contribution to research under Condition 4 of EPBC Act Approval

Decision 2010/5424.  Details of the offset program and contributions are outlined in Table 6-3.

Table 6-3: Existing Rail Project Offsets

Relevant Approval Requirement Details of Requirement Current Status

EPBC Act Approval

Decision 2010/5124

and 2011/5867 

Condition 1

Final Rail

Alignment Plan

(FRAP)

FRAP Approved by DoEE on 19 August

2011

 

Provision of evidence that fauna 

friendly culverts have been 

constructed at locations where

they maximise the benefits on

EPBC listed threatened species

Submitted to DoEE on 28 January

2016

EPBC Act Approval

Decision 2010/5424

and 2011/5867

Condition 2

Vertebrate Fauna

Management Plan

(VFMP)

VFMP Approved by DoEE on 3 January

2012

EPBC Act Approval

Decision 2010/5424

Condition 3

Greater Bilby

Offset Strategy

Strategy Approved by DoEE on 29 August

2018

Projects Project 1 approved by DoEE 3

December 2018

Additional project in development

EPBC Act Approval

Decision 2010/5424

Condition 4

Research

Contribution

$100,000 per annum for 10 

years to WA DEC (now DBCA) for

the better protection and long-

term conservation of EPBC listed

threatened fauna species in the

Pilbara Region of WA.

Ongoing

EPBC 2011/5867

Condition 3

Northern Quoll

Research Plan

(NQRP)

Research into Northern Quoll in 

the Chichester Ranges of the 

Pilbara region 

NQRP approved by DoEE 7 March

2014

Ongoing
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7 Matters of National Environmental Significance
The Commonwealth EPBC Act is administered by the Commonwealth DoEE and provides a legal framework for

the management and protection of matters of national environmental significance (NES).  There are nine matters

of NES protected under the EPBC Act being: 

 listed threatened species and communities

 listed migratory species

 Ramsar wetlands of international importance

 Commonwealth marine environment

 world heritage properties

 national heritage places

 the Great Barrier Reef Marine Park

 nuclear actions

 a water resource, in relation to coal seam gas development and large coal mining development.

The EPBC Act requires that any Proposal which, if implemented, may have a significant impact on a matter of

NES, be referred to the DoEE for assessment and approval from the Commonwealth Minister for the

Environment.  Of the matters of NES, listed threatened species and communities, and listed migratory species

have the potential to be impacted by the Proposal. 

The Original Proposal was initially referred to the Commonwealth Minister for the Environment under the EPBC

Act and assessed as “not a controlled action” in 2008 (2008/4624).  With the changes included in this Revised

Proposal, changes in species listings and recent records of matters of NES species in the region of the Revised

Proposal, RHIO has referred this Revised Proposal to the DoEE.

The Fortescue Marsh is listed as a wetland of national significance and a Priority 1 PEC. Direct impacts to the

Fortescue Marsh through clearing are discussed in section 4.3.3.6.2.

7.1 Existing Environmental Values

Threatened fauna species are categorised under the EPBC Act as extinct in the wild, critically endangered,

endangered or vulnerable. Recent biological surveys, database and literature searches identified that four

species listed under the EPBC Act have had confirmed records within the Revised Development Envelope and

an additional four species listed under the EPBC Act, two of which are migratory birds, may occur within the

Revised Development Envelope.  Table 7-1 outlines the EPBC listed species, location of records and likelihood of

habitat in the Revised Development Envelope.  Detailed information on each of the species listed in Table 7-1 is

provided in section 4.4.
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Table 7-1: EPBC listed species

Species EPBC listing Record Likelihood of habitat/occurrence

Northern Quoll

(Dasyurus

hallucatus)

EPBC Endangered Confirmed  

The Northern Quoll, has been

recorded on three occasions,

two in 2016 by the

Department of Parks and

Wildlife and on one occasion

(via fresh scat) during Biologic

(2018) survey. 

The species is likely to occur in low densities

within the northern section of the Revised

Development Envelope, away from current

mining disturbance.

Greater Bilby

(Macrotis lagotis)

EPBC Vulnerable Confirmed  

Greater Bilby has been

confirmed as being on site

with an occupied burrow

found on 4 July 2018.

Monitoring by cameras has

confirmed ongoing presence

by Greater Bilby at a series of

burrows located within close

proximity to each other.

Biologic (2018) recorded Greater Bilby scats,

diggings, tracks and burrows within the area

of the occupied burrow. Greater Bilby have

previously occurred within the Revised

Development Envelope as indicated by the

presence of old diggings and burrows

elsewhere.

Ghost Bat

(Macroderma

gigas)

EPBC Vulnerable Confirmed  

The Ghost Bat has been

confirmed within the Revised

Development Envelope during

previous surveys and was

recorded within the Revised

Development Envelope on

eight occasions during this

survey. 

One cave feature containing extensive

evidence of Ghost Bat presence was

recorded in the Revised Development

Envelope and is likely to support a colony of

the species due to the high-quality foraging

habitat within the Revised Development

Envelope.

Pilbara Olive

Python (Liasis

olivaceus barroni)

EPBC Vulnerable Confirmed  

The Pilbara Olive Python,

although not recorded by

Biologic (2017), has previously

been recorded in the Revised

Development Envelope by

Roy Hill staff.

It is likely that a population persists within

the Low Rocky Hills and Major Drainage Line

habitats in the northern section of the

Revised Development Envelope

Night Parrot

(Pezoporus

occidentalis)

EPBC Endangered Likelihood of occurrence is

low

Based on the habitat data collected from

known populations, the Revised

Development Envelope contains suitable

habitat for the species. Additionally, a

relatively recent record (2008) from the

Fortescue Marsh (65km west) indicates that

a population is likely to occur somewhere

within or surrounding the Fortescue Marsh,

which intersects the Revised Development

Envelope. RHIO commissioned Biologic

(2017) and Strategen (2018) to conduct

Night Parrot Surveys.  No Night Parrot calls

were recorded during either survey. 
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Species EPBC listing Record Likelihood of habitat/occurrence

Pilbara Leaf- 

nosed Bat

(Rhinonicteris 

aurantia)

EPBC Vulnerable May possibly occur This species has not been recorded in the

Revised Development Envelope. No caves

suitable for roosting of the species were

recorded and it is unlikely that a roost

occurs within the Revised Development

Envelope however, the species has been

recorded <20km south of the Study Area

and it is possible that the species may

forage within habitats of the Revised

Development Envelope on an irregular

basis. 

Fork-tailed Swift 

(Apus pacificus) 

 

EPBC Act,

Migratory

 

May possibly occur The nearest record is located ~2km east of

the Revised Development Envelope from

2013 (DBCA, 2017c, cited in Biologic 2017).

Osprey (Pandion

haliaetus)

EPBC Act,

Migratory

May possibly occur The nearest record to the Revised

Development Envelope is located

approximately 45km west from 2011. The

Major Drainage Line habitat, particularly the

Fortescue Marsh, provides potential nesting

and foraging habitat for the species

(Biologic 2017).

7.2 Assessment of potential impacts on matters of NES

Potential impacts to threatened species recorded or assessed as occurring or may possibly occur in the Revised

Development Envelope are discussed in section 4.4.  RHIO considers that this Revised Proposal is unlikely to

result in a significant impact on threatened species recorded or assessed as having a moderate to high likelihood

of occurrence. However, due to the confirmed presence of MNES listed species, RHIO has referred this Revised

Proposal to the DoEE under the requirements of EPBC Act (Reference Number 2018/8330).
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8 Amalgamation of RHIO Ministerial Statements
This Revised Proposal provides an opportunity to rationalise the Proposal description, implementation

conditions and Schedules from the existing Ministerial Statements and incorporate conditions into one new

Ministerial Statement.  RHIO propose that a new Ministerial Statement be issued that supersedes MS 824 and

MS 829 as well as Ministerial Statements issued pursuant to s45 of the EP Act, as applied by section 46(8) of the

EP Act being MS 902, MS 979 and MS 980.

Through the amalgamation, RHIO is endeavouring to:

 reflect the changes as outlined in this Revised Proposal; 

 standardise the conditions of the Ministerial Statements;

 remove completed or outdated conditions;

 update conditions to reflect contemporary wording and format; and

 develop conditions which reflect the current environmental outcomes for key environmental factors

consistent with the EP Act and EPA guidance (Statement of Environmental Principles, Factor’s and Objectives

(2016) and Environmental Impact Assessment (Part IV Divisions 1 and 2) Procedures Manual (2018)).

8.1 Proposed Changes to Conditions

Table 8-1 provides RHIO’s proposed changes to existing conditions for consideration by the EPA.  RHIO propose

that updated conditions can be applied that will maintain the overall level of protection of environmental values

and the required standard of management of key environmental factors.
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Table 8-1: Proposed Condition Changes

Condition

Reference 

  

Description Current Condition Proposed Amendments for Consideration

MS 824 MS 829* Note where conditions have the same intent as those for MS 824 the MS 824 wording has been used in this table

1.1 1.1
Proposal

Implementation

The proponent shall implement the proposal as documented and described in

schedule 1 of this statement subject to the conditions and procedures of this 

statement

This condition remains current. 

2.1 2.1 

Proponent 

Nomination and 

Contact Details 

The proponent for the time being nominated by the Minister for Environmental

under sections 38(6) or 38(7) of the Environmental Protection Act 1986 is 

responsible for the implementation of the proposal

This condition remains current. 

2.2 2.2

The proponent shall notify the Chief Executive Office of the Office of the

Environmental Protection Authority (CEO) of any changes of the name and

address of the proponent for the serving of notices or other correspondence

within 30 days of such change.

This condition remains current. 

3.1 3.1

Time Limit of

Authorisation

The authorisation to implement the proposal provided for in this statement shall

lapse and be void five years after the date of this statement if the proposal to 

which this statement relates is not substantially commenced.

This condition is no longer relevant.

3.2 3.2

The proponent shall provide the CEO with written evidence which demonstrates 

that the proposal has substantially commenced on or before the expiration of five 

years from the date of this statement. 

This condition is no longer relevant.  Annual updates are

provided to the CEO through compliance assessment

reporting.

4.1 4.1

Compliance

Reporting

The proponent shall prepare and maintain a compliance assessment plan to the

satisfaction of the CEO.
This condition remains current. No proposed changes.

4.2 4.2

The proponent shall submit to the CEO the compliance assessment plan required

by condition 4-1 at least 6 months prior to the first compliance report required by 

condition 4-6 or prior to ground disturbing activity, whichever is sooner.  The 

compliance assessment plan shall indicate:

This condition remains current. Suggest removal of "prior to

ground disturbing activity, whichever is sooner."

1. the frequency of compliance reporting; This condition remains current. 

2. the approach and timing of compliance assessments; This condition remains current. 

3. the retention of compliance assessments; This condition remains current. 

4. reporting of potential non-compliances and corrective actions taken; This condition remains current. 

5. the table of contents of compliance reports; and This condition remains current. 

6. public availability of compliance reports. This condition remains current. 

4.3 4.3

The proponent shall assess compliance with conditions in accordance with the

compliance assessment plan required by condition 4.1
This condition remains current. 

4.4 4.4

The proponent shall retain reporting of all compliance assessments described in

the compliance assessment plan required by condition 4.1 and shall make those 

reports available when requested by the CEO.

This condition remains current. 
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Condition

Reference 

 

Description Current Condition Proposed Amendments for Consideration

4.5 4.5

The proponent shall advise the CEO of any potential non-compliance within 7

days.

This condition remains current.  Suggest rewording condition

to “The proponent shall advise the CEO of any potential non-

compliance within 7 days of that compliance being known."

4.6 4.6 

The proponent shall submit a compliance assessment report annually from the

date of issue of this Implementation Statement addressing the previous twelve-

month period or other period as agreed by the CEO. The date of the first

Compliance Assessment Report shall be 15 months from the date of this

Statement, with each subsequent report 12 months from the date of the previous

Report. The compliance assessment report shall:

This condition remains current. Suggest outlining a due date

of the compliance assessment report:

“The proponent shall submit a compliance assessment

report annually by 31 March each year addressing the

previous calendar year.  The compliance assessment report

shall:”

1. be endorsed by the proponent’s Managing Director or a person, delegated to

sign on the Managing Director’s behalf;

This condition remains current. Suggest replacing "Managing

Director" with "Chief Executive Officer"

2. include a statement as to whether the proponent has complied with the

conditions;
This condition remains current. 

3. identify all potential non-compliances and describe corrective and preventative

actions taken;
This condition remains current. 

4. be made publicly available in accordance with the approved compliance

assessment plan; and
This condition remains current. 

5. indicate any proposed changes to the compliance assessment plan required by

condition 4-1.
This condition remains current. 

5.1 5.1
Performance 

Reporting  

The proponent shall submit to the CEO a Performance Review Report at the

conclusion of the first, second, fourth, sixth, eighth and tenth years after the start

of implementation and then at five yearly intervals, which address:

Suggest removing this condition.  Annual compliance

reporting is required in accordance with Condition 4.

1. the major environmental risk and impacts: the performance objectives,

standards and criteria related to these; the success of risk reduction/impact

mitigation measures and results of monitoring related to management of the

major risks and impacts

2. the level of progress in the achievement of sound environmental performance

including industry benchmarking, and the use of best available technology where

practicable

3. significant improvements gained in environmental management which should

be applied to this and other similar projects

6.1 6.1
Groundwater

Dependent

Vegetation

The proponent shall ensure that during construction and operation of the

proposal that groundwater abstraction from the Stage 1 and Stage 2 mine areas

does not adversely affect vegetation to be retained in the proposal area and that

drawdown of groundwater does not extend beyond the coordinates specified in

Schedule 2.

This condition is expected to be amended as part of the

Revised Proposal.

6.2 6.2 To verify that the requirements of condition 6-1 are met the proponent shall:
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Condition

Reference

 

Description Current Condition Proposed Amendments for Consideration

1. undertake baseline monitoring of native vegetation health and abundance in

the proposal area prior to dewatering;

This condition is expected to be amended as part of the

Revised Proposal.

2. monitor groundwater levels at the boundary of the proposal area and in the

vicinity of riparian and groundwater-dependent vegetation; and

3. monitor the health and cover of riparian and groundwater dependent

vegetation to be retained in the proposal area and in adjacent areas.

6.3 6.3 
The proponent shall submit annually the results of monitoring required by

condition 6.2 to the CEO
This condition remains current. 

6.4 6.4 

In the event that monitoring required by condition 6-2 indicates a decline in the

health and condition of riparian or groundwater dependent vegetation:

This condition remains current. 

1. the proponent shall report such findings to the CEO within 21 days of the

decline being identified;

2. the proponent shall provide evidence which allows determination of the cause

of the decline;

3. if determined by the CEO to be a result of activities undertaken in

implementing the proposal, the proponent shall submit actions to be taken to

remediate the decline within 21 days of the determination being made to the

CEO; and

4. the proponent shall implement actions to remediate the decline of riparian or

groundwater dependant vegetation upon approval of the CEO and shall continue

until such time the CEO determines that the remedial actions many cease

6.5 6.5
The proponent shall make the monitoring reports required by condition 6.2

publicly available in a manner approved by the CEO
This condition remains current.

N/A 

7.1

Fauna

The proponent shall carry out a fauna survey within the pipeline route within 12

months of the granting of this approval to the satisfaction of the CEO on advice of

the Department of Environment and Conservation.

This condition is expected to be amended as part of the

Revised Proposal

7.2

The final alignment of the pipeline will be subject to the survey required in 7-1 to

the satisfaction of the CEO on advice of the Department of Environment and

Conservation

This condition is expected to be amended as part of the

Revised Proposal.

7.3 

Should the survey required by 7-1 identify any conservation significant fauna* the

alignment of the pipeline should be modified to allow a 50 m buffer between the

location of where the conservation significant fauna* was found or suitable

habitat and the pipeline. *Conservation significant fauna are defined as fauna

listed under the Wildlife Conservation Act 1950, (WA), Environment Protection

and Biodiversity Conservation Act 1999, or listed as Priority Fauna by DEC

This condition remains current. No proposed changes.

7.4 
The proponent shall limit the length of open trenches to a maximum length of

two and a half kilometres at any time
This condition remains current. No proposed changes.
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Condition

Reference

 

Description Current Condition Proposed Amendments for Consideration

7.5 Fauna refuges are to be placed in the trench at intervals not exceeding 50 metres.

7.6
The proponent shall employ at least two “fauna clearing people” to remove fauna

from the trench.

7.7 

Inspection and clearing of fauna from trenches by fauna clearing people shall

occur at least twice daily and not more than half an hour prior to the backfilling of

trenches, with the first daily inspection and clearing to be undertaken no later

than 3.5 hours after sunrise, and the second inspection and clearing to be

undertaken daily between the hours of 3:00 pm and 6:00 pm

7.8

In the event of rainfall, the proponent shall, following the clearing of fauna from

the trench, pump out any pooled water in the open trench (with the exception of

groundwater) and discharge it via a mesh (to dissipate energy) to adjacent

vegetated areas.

7.9

Within 14 days following completion of the construction of the water pipeline, the

proponent shall provide a report on fauna found, both dead and alive, within the

pipeline corridor to the CEO.

This condition remains current. No proposed changes.

N/A 

8.1

Short Range

Endemic

Invertebrate

Survey

The proponent shall carry out a short range endemic invertebrate survey within

the borefield and the pipeline route within 12 months of the granting of this

approval to the satisfaction of the CEO on advice of the Department of

Environment and Conservation.

This condition is expected to be amended to define the

revised borefield and pipeline routes as part of the Revised

Proposal. 

8.2

The final alignment of the pipeline and development of the borefield will be

subject to the surveys required in 8-1 to the satisfaction of the CEO on advice of

the Department of Environment and Conservation

This condition is expected to be amended to define the

borefield and pipeline routes as part of the Revised

Proposal.

8.3

Should the survey required by 8-1 identify any confirmed or suspected short

range endemic invertebrates the alignment of the pipeline and borefield

infrastructure shall be modified to allow a 50 m buffer between the pipeline or

borefield infrastructure and the location of the short range endemic invertebrates

This condition is expected to be amended to define the

borefield and pipeline routes as part of the Revised

Proposal.

MS979:

7.1

MS980:

9.1

Surface water

Flows and Mulga

The proponent shall ensure that surface water diversion related to the

implementation of the proposal are designed and managed to minimise impacts

to Mulga and riparian vegetation.

This condition is expected to be amended as part of the

Revised Proposal.
MS979:

7.2

MS980:

9.2

To verify that the requirements of condition 7-1 are met the proponent shall: 

1.        undertake baseline monitoring of Mulga and riparian vegetation health and

abundance in the proposal area, and adjacent areas prior to surface water

diversions;

2.        monitor surface water flows, including in the vicinity of Mulga and riparian

vegetation; and

3.        monitor the health and cover of Mulga and riparian vegetation to be

retained in the proposal area and in adjacent areas.
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Condition

Reference

 

Description Current Condition Proposed Amendments for Consideration

This monitoring is to be carried out to the satisfaction of the CEO, and is to be

carried out in such a way that, should a significant decline in health or cover of

Mulga or riparian vegetation be detected, it will be possible to determine whether

the decline is attributable to the implementation of the proposal or to other

causes

MS979:

7.3

MS980:

9.3

The proponent shall submit annually the results of monitoring required by

condition 9.1 to the CEO.
This condition remains current.

MS979:

7.4

MS980:

9.4

In the event that monitoring required by condition 7-2 indicates a decline in the

health and condition of the Mulga and riparian vegetation:

This condition is expected to be amended as part of the

Revised Proposal.

1. the proponent shall report such findings to the CEO within 21 days of the

decline being identified;

2. the proponent shall provide evidence which allows determination of the cause

of the decline;

3. if determined by the CEO to be a result of activities undertaken in

implementing the proposal, the proponent shall submit actions to be taken to

remediate the decline within 21 days of the determination being made to the

CEO; and

4. the proponent shall implement actions to remediate the decline of Mulga and

riparian vegetation upon approval of the CEO and shall continue until such time

the CEO determines that the remedial actions may cease.

MS979:

7.5

MS980:

9.5

The proponent shall make the monitoring reports required by conditions 7-2

publicly available in a manner approved by the CEO.
This condition remains current.

8.1 10.1

Surface water

and Groundwater

Quality

The proponent shall ensure that run-off and seepage from the waste rock dump,

waste fines storage facilities and evaporation pond do not cause the quality of

surface water or groundwater within or leaving the proposal area to exceed

ANZECC/ARMCANZ* trigger values for a slightly to moderately disturbed

ecosystem, taking into consideration natural background water quality, so that

existing and potential uses, including ecosystem maintenance, are protected.

Design of WRLs and waste fines storage facilities (TSFs) are

regulated under the Mining Act.  In addition, TSFs are also

regulated under Part V of the EP Act 

RHIO will prepare a Water Management Plan for the

proposed MAR activities and increased dewatering

requirements, however potential impacts from WRLs and

TSF can be managed under other legislation. RHIO request

that this condition be amended as part of the Revised

Proposal and regulatory duplication be avoided where

possible.

* Australian and New Zealand Environment and Conservation Council and

Agriculture and Resource Management Council of Australia and New Zealand

2000, Australian Water Quality Guidelines for Fresh and Marine Waters and its

updates 

8.2 10.2

The proponent shall monitor the quality of surface water and groundwater

around the waste fines and evaporation pond storage facilities and locations

where salt is encapsulated to ensure that requirements of condition 8-1 are met.

This monitoring is to be carried out using methods consistent with Australian and

New Zealand Environment and Conservation Council and Agriculture and

Resource Management Council of Australia and New Zealand 2000, Australian
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Condition

Reference

 

Description Current Condition Proposed Amendments for Consideration

Guidelines for Water Quality Monitoring and Reporting (and its updates) and to

the satisfaction of the CEO on advice of the Department of Environment and

Conservation

8.3 10.3
The proponent shall commence the water quality monitoring required by 8-2

before ground disturbing activities in order to collect baseline data. 

8.4 10.4
The proponent shall submit annually the results of monitoring required by

condition 8-2 to the CEO. 

8.5 10.5

In the event that monitoring required by condition 8-2 indicates that the

requirements of conditions 8-1 are not being met:

1. the proponent shall report such findings to the CEO within 21 days of the

decline in water quality standards being identified;

2. the proponent shall provide evidence which allows determination of the cause

of the decline in water quality standards;

3. if determined by the CEO to be a result of activities undertaken in

implementing the proposal, the proponent shall submit actions to be taken to

remediate the decline in water quality standards within 21 days of the

determination being made to the CEO; and

4. the proponent shall implement actions to remediate the decline in water

quality standards upon approval of the CEO and shall continue to implement such

actions until such time the CEO determines that the remedial actions may cease

8.6 10.6
The proponent shall make the monitoring reports required by conditions 8-2

publicly available in a manner approved by the CEO.
This condition remains current

9.1

N/A

Short Range

Endemic

Invertebrates

The proponent shall identify suitable habitat monitoring sites outside the mining

tenement boundaries shown in Figure 6 of Schedule 1 of Ministerial Statement

824, for each of the species Missulena sp., Synothele 'MYG127', Aganippe

'MYG126', Idiommata 'MYG128', and Beierolpium sp. The proponent shall identify

no fewer than three habitat monitoring sites for each of these species, unless

otherwise agreed with the CEO.
These conditions have been completed and should be

removed.  OEPA approved the cessation of monitoring on 21

September 2015.9.2

The proponent shall monitor the habitat condition at the sites identified in

accordance with Condition 9-1 triennially, until such time as the CEO authorises

monitoring to cease. The first monitoring event shall occur not more than 12

months after the date of this statement.

9.3
The proponent shall submit the results of the monitoring required by Condition 9-

2 to the CEO not more than 6 months after each monitoring event.

9.4
In the event that monitoring required by Condition 9-2 indicates a decline in the

habitat condition at the sites identified in accordance with Condition 9-1:
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Condition

Reference 

 

Description Current Condition Proposed Amendments for Consideration

1. the proponent shall report such findings to the CEO within 21 days of the

decline being identified;

2. the proponent shall provide evidence which allows determination of the cause

of the decline;

3. if determined by the CEO to be a result of activities undertaken in

implementing the proposal, the proponent shall submit actions to be taken to

remediate the decline to the CEO; and

4. the proponent shall implement actions to remediate the decline upon approval

of the CEO and shall continue until such time as the CEO determines that the

remedial actions may cease.

9.5
The proponent shall make the monitoring reports required by Condition 9-3

publicly available in a manner approved by the CEO.

10.1 11.1 Rehabilitation

The proponent shall undertake rehabilitation to achieve the following outcomes:

Suggest removing this condition as it is managed under the

Mining Act.  RHIO have tenement conditions, requiring the

submission of updated Mine Closure Plan every three years.

1.        the waste rock dump and waste fines storage facilities shall be non-

polluting and shall be constructed so that their final shape, stability, surface

drainage, resistance to erosion and ability to support local native vegetation are

comparable to natural landforms in the area.

2. (MS 824)      the mine pits shall be backfilled with overburden to the original

ground level.

2. (MS 829) the mine pits shall be backfilled to above the pre-mining water table

and contoured to blend in with the natural topography.

3.        the waste rock dump, waste fines storage facilities and other areas

disturbed through implementation of the proposal, shall be progressively

rehabilitated with vegetation composed of native plant species of local

provenance (as agreed by the CEO in consultation with the Department of

Environment and Conservation).

4.        the percentage cover of living vegetation in all rehabilitation areas shall be

comparable with that of nearby land which has not been disturbed during

implementation of the proposal.

5.        no new species of weeds (including both declared weeds and

environmental weeds) shall be introduced into the area as a result of the

implementation of the proposal.

6.        the coverage of weeds (including both declared weeds and environmental

weeds) within the rehabilitation areas shall not exceed that identified in baseline

monitoring undertaken prior to commencement of operations, or exceed that

existent on comparable, nearby land which has not been disturbed during

implementation of the proposal, whichever is less.
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Condition

Reference 

 

Description Current Condition Proposed Amendments for Consideration

10.2 11.2

Rehabilitation activities shall continue as necessary until such time as the

requirements of condition 10-1 are met, and are demonstrated by inspections

and reports to be met, for a minimum of five years to the satisfaction of the CEO

and the Chief Executive officer of the Department of Mines and Petroleum

11.1 12.1

Conceptual

Closure

Prior to commencing ground-disturbing activity, the proponent shall submit a

detailed and project-specific Conceptual Closure Strategy to the requirements of

the CEO and the Chief Executive Officer of the Department of Mines and

Petroleum.

Conditions to be removed as these have been completed.

11.2 12.2

The Conceptual Closure Strategy shall include detailed results of geochemical and

geophysical characterisation of materials, in particular the potential for acid

drainage, metalliferous drainage, and of the occurrence of dispersive materials

and asbestiform minerals. Testing for materials with potential to cause acid and

metalliferous drainage shall include static and kinetic testing carried out using

techniques and timeframes consistent with national and international standards

(Leading Practice Sustainable Development Program for the Mining Industry –

Managing Acid and Metalliferous Drainage 2009 – Department of Industry,

Tourism and Resources; The Global Acid Rock Drainage Guide 2009 – International

Network for Acid Prevention).

11.3 12.3 

The Conceptual Closure Strategy shall provide detailed technical information on

proposed management measures to prevent pollution, environmental harm or

human health impacts during implementation of the proposal and after mine

completion and closure.

11.4 12.4

The Conceptual Closure Strategy shall include maps and diagrams showing the

proposed placement, dimensions, design and proposed methods of construction

and closure of waste disposal facilities and mine pits.

11.5 12.5

The Conceptual Closure Strategy shall demonstrate that the waste rock dump and

waste fines storage facilities will be located, designed and constructed to ensure

that they are non-polluting and so that their final shape, height, stability, surface

drainage, resistance to erosion and ability to support native vegetation are

comparable to natural landforms in the area.

11.6 12.6

The Conceptual Closure Strategy shall provide detailed technical information

demonstrating that sufficient quantities of suitable materials are available on site

for the implementation and closure (including unplanned or temporary closure) of

the proposal.

11.7 12.7

The Conceptual Closure Strategy shall include specific practicable procedures to

ensure the protection of the environment in the event of unplanned or temporary

mine closure.
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Condition

Reference

  

Description Current Condition Proposed Amendments for Consideration

11.8 12.8
The proponent shall implement the proposal consistent with the Conceptual

Closure Strategy referred to in conditions 11-1 to 11-7.

12.1 13.1

Final Closure and

Decommissioning

Plan

At least 5 years prior to mine completion, the proponent shall prepare and submit

a Final Closure and Decommissioning Plan to the requirement of the CEO and the

Chief Executive Officer of the Department of Mines and Petroleum.

Suggest removing this condition as it is managed under the

Mining Act.

12.2 13.2

The Final Closure and Decommissioning Plan shall be prepared consistent with:

1. ANZMEC/MCA 2000, Strategic Framework for Mine Closure Planning; and

2. Department of Industry Tourism and Resources 2006 Mine Closure and

Completion (Leading Practice Sustainable Development Program for the Mining

Industry), Commonwealth Government, Canberra. and shall provide detailed

technical information on the following:

1. final closure of all areas disturbed through implementation of the proposal so

that they are safe, stable and non-polluting;

2. decommissioning of all plant and equipment;

3. disposal of waste materials;

4. final rehabilitation of waste rock dump; waste fines storage facilities; and other

areas;

5. capping of the evaporation pond;

6. management and monitoring following mine completion; and

7. inventory of all contaminated sites and proposed management.

12.3 13.3

The proponent shall close, decommission and rehabilitate the proposal consistent

with the approved Final Closure and Decommissioning Plan. 

12.4 13.4

The proponent shall make the Final Closure and Decommissioning Plan required

by conditions 12-1 and 12-2 publicly available in a manner acceptable to the CEO.
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8.2 Key Characteristics

The key characteristics of the existing approved MS 824 and 829 (as of May 2018), along with the proposed

amendments to these are provided in Table 2-1.  An updated Schedule 1 to the proposed new Ministerial

Statement is provided in Appendix 1.
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9 Holistic Impact Assessment
This Revised Proposal is an expansion to the Original Proposal, which results in the majority of the potential

impacts remaining within the immediate area of the existing Mine.  RHIO is proposing to expand its Southern

Borefield and develop a Remote MAR borefield and will design and locate borefield infrastructure to avoid key

areas of environmental significance where possible.  

The key environmental factors identified as relevant to the Revised Proposal are Flora and Vegetation, Terrestrial

Fauna, Subterranean Fauna and Inland Waters.  Social Surroundings, Air Quality and Terrestrial Environmental

Quality were also considered as relevant, but are not key factors.

The RHIO mine is one of multiple iron ore mines in the wider Pilbara region (Figure 1).  FMG iron ore mines,

Christmas Creek and Cloudbreak, are the nearest neighbouring sites to the RHIO mine, with BHP, Rio Tinto and

other companies operating mines to the south east.

The environmental impact assessment process needs to consider the connections and interactions between the

various components of the environment to assist in informing a holistic view of the whole environment.  Table

9-1 outlines the activities of the Revised Proposal that involve interactions between key environmental factors

and the associated potential impacts.  
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Table 9-1: Key Environmental Factors and Potential Impacts

Revised Proposal Activities Key Environmental Factors – Potential Impacts

Flora and Vegetation Terrestrial Fauna Subterranean Fauna Inland Waters

Clearing of native vegetation Clearing of up to 17,988ha of 

native vegetation (Total of 

Original and Revised Proposal) 

Loss of individuals of priority

flora 

Loss of vegetation within

Narbung Land System PEC

(Priority 3)

Impacts to FMMA Zones

Spread of weeds

Altered fire regime

Loss of fauna habitat

(including for conservation

significant fauna)

N/A Altered surface water quality

Mining Activities (operation of 

heavy machinery, vehicles, 

blasting, waste rock and ore 

movement, ore processing) 

Dust impacts on vegetation Individual fauna strikes

(including conservation

significant fauna)

Increase in feral animals

Direct mortality

Loss of troglofauna habitat

Altered surface water quality

(sedimentation, contamination,

leaching)

Construction of Physical 

Landforms (WRL, ROM pads, 

pits, TSF, ancillary 

infrastructure) 

N/A Loss or injury to fauna due to

presence of infrastructure

(water storage facilities, TSF,

pipelines)

N/A Altered surface water quality

(sedimentation, contamination)

Groundwater abstraction and 

dewatering 

Drawdown resulting in reduced 

water supply to GDV 

Habitat loss if vegetation

health is impacted

Direct mortality

Loss of stygofauna habitat

 

Altered groundwater levels,

quality and flows

Water re-injection to 

groundwater 

Groundwater mounding causing

water logging or change in water

quality impacting health of

vegetation

Habitat loss if vegetation

health is impacted

Loss of troglofauna habitat

Change in water quality of

stygofauna habitat

Groundwater mounding.

Altered groundwater quality and

flows

Surface water diversions Alteration of surface water flows

impacting riparian vegetation

N/A N/A Altered surface water quality

and flows
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RHIO has commissioned a number of environmental studies to inform this environmental impact assessment of

the Revised Proposal. RHIO has considered the results of these studies and has assessed potential impacts both

at a local and regional scale.  Mitigation and management measures for the proposed impacts have been

developed to further reduce and manage potential impacts.  Section 4 provides a detailed assessment of the

potential impacts and proposed environmental management strategies for each of the identified key

environmental factors.  Table 9-2  outlines a summary of the Key Environmental Values identified for each key

factor and the focus for maintaining these environmental values.

Table 9-2: Summary of Key Environmental Values and Management Measures

Key Factor Area Key Environmental Value Measures to maintain environmental value

Flora and 

Vegetation 

All Priority Flora Avoid impact to P1 species

Minimise impact to P3 and P4 species.

All FMMA Zones Avoid impacts to high conservation

significant FMMA zone (1b)

Minimise impacts to medium and low

conservation significant FMMA zones 

Rehabilitate

Mine Mulga woodland (AaArTl, ApAa,

AaAtSahAc, AaArEffSahElf, AaSglEc,

AaPs)

Minimise impacts and rehabilitate

Riparian Vegetation (EcEvCh, 

EvAaAcpAh, AsppGwh, EvAtAsVf, EvAs,

ApAaPl)

Minimise impacts and rehabilitate

Remote MAR 

borefield 

Open hummock grassland 

(TaTpTsMOHG)

Minimise impacts and rehabilitate

Tall Open Shrubland (AxTOS) Minimise impacts and rehabilitate

Groundwater Dependent Ecosystem 

associated with Fortescue River

(EcoMIT)

Minimise impacts and rehabilitate

Narbung Land System PEC Minimise impacts and rehabilitate

Southern 

Borefield 

Drainage foci in vegetation unit ASL1 / 

AmAtAaSL 

Avoid clearing impacts to this habitat

feature

Fan land system Minimise impacts and rehabilitate

Terrestrial

Fauna

All Conservation Significant Fauna Minimise impacts

Spinifex Sandplain Habitat Minimise impacts and rehabilitate

Mulga Woodland Habitat Minimise impacts and rehabilitate

Major Drainage Lines Habitat Minimise impacts and rehabilitate

Low Rocky Hills Habitat Minimise impacts and rehabilitate

Claypans Habitat Minimise impacts and rehabilitate

Cave Habitat Features Avoid impacts to habitat feature

Water pools/clay plan habitat features Avoid impacts to habitat feature

Subterranean

Fauna

SWIB, Remote 

MAR 

Borefield, 

Southern

Borefield

Troglofauna Minimise habitat loss due to re-injection

Habitat loss due to pit development was

assessed in Original Proposal

Stygofauna Minimise habitat loss due to dewatering

and groundwater abstraction.  

Minimise water quality changes due to re-

injection.
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Key Factor Area Key Environmental Value Measures to maintain environmental value

Inland Waters All Surface Water Minimise impacts

Monitor

Groundwater Minimise impacts

Monitor

Table 9-3: outlines the predicted outcomes of the Revised Proposal in relation to the environmental principles

of the EP Act

Principles Predicted Outcomes

1. The precautionary principle

Where there are threats of serious

or irreversible damage, lack of full

scientific certainty should not be

used as a reason for postponing

measures to prevent environmental

degradation. 

In application of this precautionary

principle, decisions should be guided

by:

a) careful evaluation to avoid,

where practicable, serious or

irreversible damage to the

environment; and

b) an assessment of the risk-

weighted consequences of various

options.

Predicted outcomes from the Revised Proposal relating to the relevant EPA Management

Objectives are as follows:

 

Flora and Vegetation

 No more than an additional 5,995ha of vegetation will be impacted.  

 All additional clearing will occur within the Revised Development Envelope

 All disturbed areas, with the exception of pits backfilled only to above groundwater

level, are planned to be rehabilitated

 The Revised Development Envelope has been determined to enable flexibility in the

location of borefield infrastructure to avoid priority flora

 The final clearing footprint will be minimised as far as possible

 Impacts to vegetation are unlikely to result in a significant reduction in the occurrence

of the vegetation associations 

 No Commonwealth-listed or State listed Threatened Ecological Communities will be

affected as they have not been recorded in the Revised Development Envelope

 No more than 158.6ha of Riparian Vegetation will be lost or degraded

 No Threatened flora species as listed under the EPBC Act or the WC Act will be

impacted as they are not known to occur within the Revised Development Envelope; 

 Five Priority flora species as listed by DBCA will be impacted.  The conservation status

of these species is unlikely to be affected

 Impacts to Priority 1 species, Stemodia sp. Battle Hill, Eremophila spongiocarpa and

Eremophila pilosa will be avoided where locations are identified during targeted flora

and vegetation surveys of borefields

 No obligate phreatophytes (confirmed Groundwater Dependent Vegetation) will be

affected, as none were identified in the Revised Development Envelope  

 Relatively small areas (10.5ha) of potential Groundwater Dependent (facultative)

Vegetation could suffer biologically significant decline in condition or death as a result

of modelled groundwater changes

 Surface Flow Dependent Vegetation and Sheet Flow Dependent Vegetation are unlikely

to be affected by re-injection as groundwater levels will be maintained during

operations so that they are at least 5mbgl

 No increases in the cover of weeds or new weeds are expected to occur

 

Terrestrial Fauna

 Clearing will be limited to no more than 340.76ha within the Low Rocky Hills habitat of

454.85ha.  The habitat is well represented in the region

 Clearing will be limited to no more than 7669.86ha within the Mulga Woodland habitat

of 47,980.2ha.  The habitat is well represented in the region

 Clearing will be limited to no more than 324.51ha within the Spinifex Sandplain habitat

of 9,793.76ha.  The habitat is well represented in the region

 Clearing will be limited to no more than 402.97ha within the Major Drainage Line

habitat of 1,548.24ha.  The habitat is well represented in the region

 None of the faunal habitats are restricted to the Revised Development Envelope

 The Revised Development Envelope has been determined to enable flexibility in the

location of borefield infrastructure to avoid any identified priority fauna sites

2. The principle of

intergenerational equity

The present generation should

ensure that the health, diversity and

productivity of the environment is

maintained and enhanced for the

benefit of future generations. 

3. The principle of the

conservation of biological

diversity and ecological

integrity

Conservation of biological diversity

and ecological integrity should be a

fundamental consideration.
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Principles Predicted Outcomes

 The P3 Fortescue Valley PEC will not be affected as it lies outside of the Revised

Development Envelope

 The P3 Stony Saline Plains of the Mosquito Land System Priority Ecological Community

will not be affected as it lies outside of the Revised Development Envelope

 The P3 Narbung Land System Priority Ecological Community will not be significantly

affected as it will only be impacted by drill pads and access tracks within the Remote

MAR Borefield area

 The fauna of conservation significance, confirmed as occurring or potentially occurring

within the Revised Development Envelope, will not be significantly affected as they also

occur outside of the Revised Development Envelope

 Clearing within significant fauna locations will be undertaken to avoid identified

Greater Bilby burrows

 The significant habitat feature (Ghost Bat cave) will not be impacted by the Revised

Proposal

 Direct impacts to semi-permanent pools will be avoided

 Claypans will be avoided where possible to minimise the impact of clearing and ground

disturbance

 No identified drainage foci will be impacted directly via clearing, ground disturbance or

water management changes

 No Short-Range Endemic species will be significantly impacted as they have been found

in widespread areas outside of the Revised Development Envelope

 Clearing of habitat will be minimised to that which is required for operational activities;  

 Areas that have been cleared will be rehabilitated in accordance with the DMIRS

approved Mine Closure Plan once operational activities have been ceased 

 No measurable reduction in the populations of conservation significant fauna will occur

 Minimal direct loss or injury of individual fauna will occur due to operational activities

 

Subterranean Fauna

 Stygofauna and troglofauna species will not be significantly impacted as the

distribution of the habitat is considerably larger than the potential impact area

 

Inland Waters

 Disturbed drainage lines and permanent diversion will be rehabilitated to recreate

natural surface water flows into downstream ecosystems, so that they do not adversely

affect mulga and riparian vegetation

 Impacts to natural groundwater levels will be evident in the Mining area for up to 100

years post mining, however the impact is not expected to be regionally significant, and

it will decrease over time

 Groundwater salinity or quality within the Revised Development Envelope will not be

significantly different 

 Surface water flows or quality in the Remote MAR Borefield and Southern Borefield will

not be permanently impacted and any temporary impact will be negligible 

 Ongoing surface water impacts in the mining area will be limited to permanent

diversions, which will return the surface water flow into the downstream creek where

possible

 Potential contamination of surface water from leaching of WRL is very unlikely to occur 

 Potential contamination to land and water resulting from open cleared areas,

management of waste and spills and leak of hydrocarbons and chemicals will not result

in additional impacts to the Original Proposal

 

Careful evaluation has been undertaken to avoid, where practicable, serious or irreversible

damage to the environment, and risk assessments have been undertaken to ensure that the

impacts of the Revised Proposal are minimised.

4. Principles relating to improved

valuation, pricing and incentive

mechanisms

In the development of this Revised Proposal RHIO have considered environmental

management as a priority in the planning phase.  This has included the following:
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Principles  Predicted Outcomes

(1) Environmental factors should be 

included in the valuation of assets 

and services. 

(2) The polluter pays principles –

those who generate pollution and 

waste should bear the cost of 

containment, avoidance and 

abatement. 

(3) The users of goods and services 

should pay prices based on the full 

life-cycle costs of providing goods

and services, including the use of 

natural resources and assets and 

the ultimate disposal of any waste. 

Environmental goals, having been 

established, should be pursued in

the most cost-effective way, by

establishing incentive structure,

including market mechanisms,

which enable those best placed to

maximise benefits and/or minimise

costs to develop their own solution

and responses to environmental

problems.

 RHIO have undertaken a number of studies to inform closure planning of the mine and

have incorporated closure requirements into the design phase

 Numerous biological studies have occurred to inform design and management of the

Revised Proposal

 Rehabilitation of backfilled pits has already commenced

 Ongoing review of the mine plan considers environmental components including pit

backfilling opportunities, dewatering requirements, infrastructure locations and waste

management

 Annual reviews of closure costs are conducted to ensure adequate provisions are

available for closure and rehabilitation of the site  

 

There are a number of significant socio-economic as well as environmental benefits to be

gained from the Revised Proposal, including:

 Further capital expenditure to benefit economy 

 Continued earnings which generate royalties and taxes to government

 Permanent RHIO employment positions

 Direct and indirect employment and training opportunities 

 Continued indigenous employment

 Encouragement in the growth of ancillary industries in WA

 Baseline environmental studies undertaken to support this proposal and ongoing

environmental monitoring during the life of the project, which expands on the

knowledge base of the State’s unique flora and fauna

 Environmentally sensitive disposal of excess mine dewater

 Simplification of Ministerial Statements and reporting requirements benefits RHIO,

DWER and increases the community understanding of the project

5. The principle of waste 

minimisation

All reasonable and practicable 

measures should be taken to 

minimise the generation of waste 

and its discharge into the 

environment. 

Predicted outcomes from the Revised Proposal relating to waste minimisation are as follows:

 

Waste Rock

 RHIO will backfill all pits to above groundwater level.  RHIO will, where practical,

continue to backfill pits to blend with the surrounding landscape where feasible as this

is a key optimisation target

 Additional WRLs are required to that outlined in the Original Proposal however WRLs

will be designed and located to ensure post closure landforms remain stable and non-

polluting.  The final profiles will be generally consistent with the highest natural

topographic point within the surrounding area (2km radius).  Rock armouring of detrital

and alluvial waste streams will reduce the rate of erosion to acceptable levels. 

Rehabilitated permanent waste landforms will adhere to the 1:2,000 year Average

Recurrence Interval rainfall design criteria

 Dispersive, PAF and PR wastes will be encapsulated in backfilled pits or in WRL’s

 

Tailings Disposal

 In-pit tailings disposal eliminates the requirement for the construction of an additional

above ground TSF

 

Waste for Landfill

 No additional landfill requirements are expected for this Revised Proposal  

 Established and proven waste management practices currently undertaken at the mine

will continue to be implemented

 

Surplus Water

 RHIO will recycle and reuse surplus water wherever possible

 Re-injection of surplus water into MAR provides potential for future re-use

 Re-injection of surplus water into MAR can offset the dewatering drawdown in some

locations

 RHIO will only abstract water for water supply where dewatered water does not meet

required specifications for reuse
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Principles  Predicted Outcomes

Hydrocarbon/Hazardous Waste

 This Revised Proposal does not alter the expected quantities of hydrocarbon or

hazardous waste

 Established and proven hydrocarbon and hazardous waste management practices

currently undertaken at the mine will continue to be implemented

 

The minimisation of waste and its discharge into the environment has been considered in the

development of this Revised Proposal. 
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10 Conclusion
This document has provided information about the existing environment and potential impacts resulting from

the Revised Proposal, in a local and regional context.  RHIO has conducted numerous studies to inform the

environmental impact assessment and has established and proven management practices upon which to base

the impact assessment.  RHIO considers that the information provided in this proposal addresses the

environmental impacts relevant to the Revised Proposal.

The mitigation and management measures proposed by RHIO are explained for each of the identified key

environmental factors relevant to the Revised Proposal.  Residual impacts and outcomes in relation to each key

environmental factor have been assessed and RHIO consider these to be reasonable following the application

of appropriate mitigation and management measures.  As such, RHIO has concluded that the EPA objectives for

all key factors can be met and the residual impacts resulting from the Revised Proposal can be adequately

managed through updated MS conditions as discussed in Section 8.
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11 Abbreviations 

Abbreviation Definition

ACM Acid-Consuming Material

AEP Annual Exceedance Probability

AG-TSF Above Ground Tailings Storage Facility

AHD Australian Height Datum

AMD Acid Mine Drainage

ANCOLD Australian National Committee on Large Dams

ANZECC Australian and New Zealand Conservation Council

ARI Annual Recurrence Interval

ARMCANZ Agriculture and Resource Management Council of Australian and New Zealand

AS Australian Standard

BAM Act Biosecurity & Agriculture Act 2007

CAR Compliance Assessment Reports

DBCA Department of Biodiversity Conservation and Attractions

DEC Department of Environment and Conservation (now DWER)

DEM Digital Elevation Model

DJTSI Department of Jobs, Tourism, Science and Innovation 

DMIRS Department of Mines, Industry Regulation and Safety (formerly DMP)

DMP Department of Mines and Petroleum (now DMIRS)

DoEE Department of Environment and Energy

DoW Department of Water (now part of DWER)

DPAW Department of Parks and Wildlife (now part of DBCA)

DPLH Department of Planning, Lands and Heritage 

DWER Department of Water and Environmental Regulation (formerly DoE)

EC Electrical Conductivity

EMS Environmental Management System

EP Act Environmental Protection Act 1986

EPA Environmental Protection Authority

EPBC Act Environment Protection and Biodiversity Conservation Act 1999

FMG Fortescue Metals Group Ltd

FMMA Fortescue Marsh Management Area

FRAP Final Rail Alignment Plan

GDE Groundwater Dependent Ecosystem

GDP Ground Disturbance Permit

GDV Groundwater Dependent Vegetation 

GIS Geographic Information Systems

GL gigalitres
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Abbreviation Definition

GL/a gigalitres per annum

GWL Groundwater Licence

ha hectare

HDPE High Density Polyethylene

HPPL Handcock Prospecting Pty Ltd

IBRA Interim Biogeographic Regionalisation for Australia

km Kilometres

Km/hr Kilometres per hour

LOM Life of Mine

m meter

MAR Managed Aquifer Re-injection

mbgl meters below ground level

MCP Mine Closure Plan

mg/L milligrams per litre

ML/d million litres per day

mm millimetres 

MMF Marra Mamba Formation

MNES Matters of National Environmental Significance

MS Ministerial Statement

Mt million tonnes

mtpa million tonnes per annum

N/A not applicable

NAF non-acid forming

NAM Nammuldi Member

NES national environmental significance

NGER Act National Greenhouse and Energy Reporting Act 2007

NMD Neutral Metalliferous Drainage

NQRP Northern Quoll Research Plan

OEPA Office of the Environmental Protection Authority

PAC Potentially Acid Consuming

PAF Potentially Acid Forming

PEC Priority Ecological Communities

PMP Probably Maximum Precipitation

PR Potentially Reactive

REG ID Registration Identification Number

RFFE Regional Flood Frequency Estimation

RHIO Roy Hill Iron Ore Pty Ltd
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Abbreviation Definition

RiWI Act Rights in Water and Irrigation Act

RHWMS Roy Hill Water Management Strategy

ROM Run of Mine

SMA Soil Management Area

SMU Soil Mapping Units

s section

sp. species

SRE Short-Range Endemic

SWIB South West Injection Borefield

tCO2 Tonnes of Carbon Dioxide

TDS Total Dissolved Solids

TEC Threatened Ecological Communities

TSF Tailings Storage Facility

TSS Total Suspended Solids

WA Western Australia

WC Act Wildlife Conservation Act 1950 

WLDL Water Level Data Loggers

WHIMS Wet High Intensity Magnetic Separation

WMS Water Management Strategy

WRL waste rock landforms
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Appendix 3 – Surface Water Diversion Assessment (GHD, 2018a)

  



Roy Hill Iron Ore Pty Ltd - Revised Proposal for the Roy Hill Iron Ore Mine -

Environmental Review 
Environment 

Appendix 4 – Roy Hill Mine Desktop Review of Vegetation Mapping
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