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Preface 

Western Range and 4 East Extension (4EE) are new developments within the Greater Paraburdoo Mining 

operations.  Both developments require increased groundwater abstraction (Figure I) and lie within the bounds 

of groundwater licence 109318(14) (Figure II). 

 

4 East mining area: The 4East extension deposit lies within a complex hydrogeological setting due to the 

influence of annual flooding in Seven Mile Creek. Groundwater levels will need to be further reduced by ~160m, 

requiring an increase in abstraction rate by 4GL/a to facilitate safe mining conditions. 

Western Range: Western Range hosts a number of Brockman Iron formation deposits along the 15km range. 

The majority (99.6%) of the deposit is above the water table (AWT), however minor dewatering will be required 

to achieve the mine plan in two areas (36W and 66W mining pits). Groundwater abstraction of up to 2.5GL/a 

will be required for dewatering and operational supply. 

Currently Paraburdoo operation is covered under GWL 109318(14) with a maximum approved annual 

abstraction license of up to 9 GL/a for operational purposes, dust suppression, ore processing, mine 

dewatering and water supply. 

It is proposed to increase abstraction within this licence up to 14GL/a. The impact of this abstraction is detailed 

in the following documents: 

 

 PART 1: H3 Detailed Hydrogeological Assessment: 4East Extension.  

 PART 2: H2 Basic Hydrogeological Assessment: Western Range 

 

 

 

Figure I. Predicted abstraction requirements under groundwater licence 109318(14) 



  

    

 

 

 

Figure II. Current and proposed abstraction within groundwater licence GWL 109318 
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1. Introduction 
This report describes the hydrogeological setting of the proposed Western Range mining area in order 

to support water supply abstraction and minor dewatering to achieve dry mining conditions for the 

associated mining operations.  

Western Range is located 15km west of Paraburdoo mine operations and 25km west of the Town of 

Paraburdoo, within the Pilbara groundwater area. Rio Tinto Iron Ore (RTIO-Hamersley Iron Pty Limited) 

operates three operations within the vicinity. Paraburdoo, Eastern Range and Channar, located 15km, 

26km and 41km south-east of Western Range, these operations are collectively titled the Greater 

Paraburdoo Operations (GPO).  

Western Range is a high grade martite-goethite Brockman iron ore deposit, with a mineral resource of 

~375 Mt at ~61.6% Fe. The majority (99.6%) of the deposit is above the water table (AWT), however 

minor dewatering will be required to achieve the mine plan in two areas (36W and 66W mining pits).  

Current Western Range groundwater abstraction for water supply occurs in accordance with the 

conditions of Groundwater Licence GWL 109318(14) issued under the Rights in Water and Irrigation 

Act 1914 (RiWi Act) and administered by the Department of Water (DoW). Groundwater License GWL 

109318(14) permits abstraction of 9.0 GL valid until the 26th of June 2026. Groundwater abstraction 

within the same licence currently occurs at Paraburdoo Mining Operations to facilitate below water table 

(BWT) mining and also from dedicated water supply borefields. 

Historic waters levels within the proposed below water table (BWT) mining pits at Western Range are 

~320mRL, with the deepest mine bench elevation of 290mRL at 36W. In order to facilitate mining below 

the water table groundwater abstraction is required.



  

    

 

 

Figure 1: Western Range 10K Geology & Water Bore Locations, illustrating groundwater sampling locations.



  

    

 

2. Physical setting of study Area 

2.1 Geology and Topography 

The geology of Western Range consists of the Fortescue, Hamersley and Wyloo Groups (Figure 1). 

The Fortescue Group forms a flat plain in the north of the study area. The range is an east-west striking 

ridge comprised of Hamersley Group, rising to an elevation of 555mRL and spanning ~17km. The Marra 

Mamba and Brockman Iron Formations appears two parallel ridges separated by a valley of eroded 

Wittenoom Formation lowering to an elevation of 450mRL. Immediately south of the Brockman Iron 

Formation, the Wyloo Formation has eroded to create a 1km wide alluvial filled valley at an elevation 

lowering to 350mRL. The alluvial thickness varies from 5-20m, thickening toward the east. The valley 

transitions into a low ridge formed of a resistive unit of the Wyloo Group, rising to an elevation of 

395mRL +-(Figure 2). 

 

Figure 2, Geology Cross Section of Western Range (section line on Figure 1) 

2.2 Climate 

The Pilbara region is characterised by very hot summers, mild winters and low and variable rainfall 

(McFarlane, 2015). Rainfall occurs predominantly in summer through localised thunderstorms and 

tropical depressions. Extreme rainfall events associated with tropical cyclone can result in rainfall of 

over 200mm within a 24 hour period, which often leads to large scale sheet flooding. Weather 

observations have been collected at Paraburdoo Aero weather station since 1996, located 

approximately 30km east of the Western Range deposit (see Figure 3). The mean annual maximum 

temperature is 33.5oC, with a summer daily average of ~41 oC and a winter daily average of ~25 oC. 

The mean annual rainfall is 324.2mm/a. Consistent with the Pilbara region, annual rainfall is 

considerably lower than evaporation of 3000mm/a (Pilbara average). The result is limited permanent 

surface water features, and therefore features that do exist have heritage and environmental 

significance.  
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Figure 3: Paraburdoo Aero Rainfall and Temperature 

2.3 Hydrology 

Western Range straddles both Six Mile and Seven Mile Creek catchments, shown in Figure 4. Six Mile 

creek crosses the range within a narrow gorge on the western side of the study area, travelling from 

north to south and draining an upstream catchment of 80km2. Pirraburdu Creek flows along the eastern 

side of the study area, travelling from north to south and draining an upstream catchment of 432km2. 

The creek intersects the range (where Ratty Springs occur) and then flows along the range for 4km 

before exiting and heading south. The Six Mile creek and Pirraburdu Creeks are ephemeral with surface 

flow only occurring after intense rainfall events. 

Drainage north of the range occurs through tributaries flowing either east or west into the Six Mile or 

Pirraburdu Creeks. Incised drainage paths are visible on the southern foothills of Western Range, which 

are indicative of high flows occurring during intense rainfall and high runoff. The flat areas spreading 

out from the ridge provide evidence of sheet flow with lower gradient drainage paths.  
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Figure 4: Western Range Surface Hydrology 



  

    

 

3. Hydrogeology 

3.1 Hydrostratigraphy 

Groundwater occurrence within Western Range has been determined from hydrogeological drilling 

campaigns in 2012 and 2018, in addition to water strikes observed during resource evaluation drilling.  

Observations suggest that groundwater occurs within numerous geological formations across the study 

area, as described below.  

 The formations are detailed in below, and illustrated in Figure 5. 

 Alluvials: A thin layer of sediment comprising of sands, gravels and minor clay overlies the 

Fortescue and Wyloo bedrock. These are generally un-saturated, however may partially 

saturate along major drainage lines during significant rainfall events. 

 

 Wyloo Formation: Comprised of interbedded sequences of siltstone, shales and dolomite. The 

Wyloo group exhibits high yields due to enhanced groundwater recharge and storage as a 

result of groundwater banking up the Wyloo ridge. 

 

 Brockman Iron Formation: Comprised of interbedded BIF, chert and shale. Groundwater is 

characterised to only exist within fractures and mineralised BIF. There is minimal below water 

table mineralisation at Western Range. 

 

 Mount McRae Shale/Mount Sylvia Formation: The Mount McRae Shale is generally 

observed to have low permeability and acts as an aquitard. However in Western Range this 

has not yet been observed. 

 

 Wittenoom Formation: Is comprised of interbedded sequences of dolomite, shale and chert. 

Permeability is increased due to the dissolution of dolomite within the Paraburdoo Member via 

percolating surface water and groundwater movement; this results in high, potentially localised, 

yields.  

 

 Marra Mamba Iron Formation: A banded iron formation when un-mineralised is 

characteristically low permeability; limited hydrogeological information exists for this formation 

in the Western Range area, but it is interpreted to create a hydraulic barrier between the 

Fortescue Group and the Wittenoom Formation. 

 Fortescue Group: hosts interbedded chert, shale, dolomite and a high density of intruded 

dolerite sills (up to 50% of the formation).  The formation is characterised by low yields due to 

limited primary porosity and storage. The Fortescue Formation is considered to be hydraulically 

disconnected to the aquifer to the south. 



  

    

 

 

Figure 5: Groundwater levels and aquifer extents of the Western Range study area



  

    

 

3.2 Groundwater flow 

Groundwater to the north of Western Range within the Fortescue Group lies around 365mRL,  

apparently disconnected from groundwater in the Hamersley Group. Within the Fortescue Group the 

hydraulic gradient follows the flow direction of Six Mile creek, funnelling toward the range and then 

flowing through the Six Mile Creek gorge. Within this gorge, depth to groundwater is shallow (~5mbgl), 

and is hosted within an alluvial aquifer comprised of sand, gravels and a thin calcrete layer. As 

groundwater flows through the the gorge the level reduces to 327mRL, within the Marra Mamba Iron 

formation (Figure 5). 

Groundwater level within the Wittenoom, Brockman Iron and Wyloo Formations ranges from 319.5mRL 

in the north to 317 in the south. No groundwater levels have been observed within the Marra Mamba 

Iron Formation, however it is assumed that this contains a hydruailic barrier, separating the Wittenoom 

Formation from the elevated levels in the Fortescue Group to the North. 

Groundwater recharge events have been observed in response to large rainfall events, illustrated by  

hydrographs in Figure 6 and Figure 7. MB12WR001 screened within the Fortescue aquifer shows 3-4 

metre increase in grounwater level in response to rainfall events. A moderate response to rainfall is also 

observed in the Wyloo aquifer with the highest recharge event recorded as a 2.5m rise within 

MB12WR005 (Figure 7). The remaining Wittenoom, Brockman Iron and Wyloo aquifer bores show a 

muted response of less than 1m increase in water levels after rainfall events.  

The alluvial-filled valley which seperates the Brockman and Wyloo ranges, appears to host groundwater 

that banks up against the Wyloo range before discharging through minor drainages incised through the 

range.  

An elevated groundwater level of 328mRL within the Duck Creek Dolomite in the Wyloo Group 

(MB12WR005) is an unexplained anomaly.  
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Figure 6: The relationship between groundwater level within the Fortescue Group and rainfall observed at MB12WR001. 

 

Figure 7: The relationship between groundwater level within the Wittenoom Formation (WB12WR001), Brockman Iron Formation 

(MB12WR006) and Wyloo Group (MB12WR005/9) and rainfall observed. 
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3.3 Hydrochemistry 

The hydrochemical signature of groundwater was used to help define the hydrogeological 

conceptualisation by distinguishing unique aquifer signatures in order to understand recharge 

mechanisms and flow directions.  

3.3.1 Sampling collection and analysis method 

The following groundwater chemistry dataset exists for Western Range: 

 2012: Samples collected during airlift development of monitoring and production bores 

 2018: Samples collected during airlifting of monitoring bores and test pumping of 2012 

production bores. 

Samples were analysed for major and minor ions and metal concentrations, with a summary shown in 

Table 1. Recharge mechanisms were investigated by analysing chloride concentrations. Chloride is a 

conservative ion that’s unaffected by water-rock interaction. Therefore concentration only increases by 

evapotranspiration (Hem, 1985) which makes it a useful tracer of groundwater recharge.  

3.3.2 Results 

The Total Dissolved Solutes (TDS) composition in groundwater of the study area represents a range of 

hydrochemical signatures in each individual aquifer; the variations reflect physical and chemical 

process such as evapotranspiration, aquifer matrix dissolution and mixing.  

Chloride levels within the study area range between 30 to 230mg/L (Table 1). Chloride concentration 

within the Fortescue formations increases along the groundwater flow path. Increasing from 15mg/L in 

WB02WR001 up to 72mg/L in MB18WR004 located where Six Mile Creek crosses Western Range. 

Two samples collected in 2013 and then 2018 from a WB12WR001 in the Wittenoom Formation had 

similar chloride concentrations of 215 and 222mg/L respectively. The chloride concentration measured 

in one sample from the Brockman Iron Formation was 230mg/L. It was also lower in all other major ions 

than the Wittenoom Formation. Chloride within the Wyloo group ranges from 32 to 393mg/L, with lower 

concentrations observed in the western bores ranging between 32 – 46mg/L, whilst the eastern bores 

ranging between 220 – 393mg/L.  
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Table 1 Summary of the chemical characteristics of groundwater from Western Range, since 2012, concentration in mg/L 

Screened 
Geology 

Sample 
Locations 

 Cl SO4 HCO3 Ca Mg K Na 
First 
Sample 

Last 
Sample 

Total 
Samples 

Brockman 
Iron 

MB12WR006  230 110 90 45 42 6.8 120 24/09/2013 1 

Wittenoom WB12WR001 
Min 215 468 273 84 128 4 214 

19/09/2013 4/10/2018 2 
Max 222 518 287 88 129 8 215 

Eastern 
Wyloo 

WB12WR002 
Min 320 210 224 30 80 6 277 

19/09/2013 1/10/2018 3 
Max 393 227 440 37 90 11 290 

WB12WR003 
Min 220 146 293 39 64 3 210 

24/09/2013 8/10/2018 3 
Max 275 154 500 49 72 5 223 

Western 
Wyloo 

MB12WR005  32 17 400 76 33 3.5 23 19/09/2013 1 

MB12WR009  46 2 390 39 51 10 39 19/09/2013 1 

Fortescue 

MB12WR001  30 21 360 59 39 0.4 40 19/09/2013 1 

WB02WR001  15 30 - 67 29 1 28 15/04/2017 1 

MB18WR0004  72 64 263 61 55 1 67 17/09/2018 1 

 

3.4 Conceptual Hydrogeology 

Groundwater level observations within Western Range are few and no groundwater abstraction has 

occurred within the Brockman Iron Formation. As such the understanding of aquifer extents and key 

hydraulic barriers is limited, the hydrogeological conceptualisation is based largely on observations 

elsewhere in the Pilbara. Groundwater occurrence in Western Range from North to south is as follows: 

The Fortescue Group characteristically has low permeability and storage. Groundwater is assumed to 

be limited to the upper fractured section and overlying thin alluvial sediments. Groundwater recharge 

to the Fortescue Group occurs after intense rainfall and associated surface water runoff along Six Mile 

Creek. Low chloride concentration of ~30mg/L and sharp 2-3m rises in groundwater level, suggest that 

recharge is rapid. Groundwater within the Fortescue Group then flows west adjacent to the range, the 

depth to groundwater is shallow and groundwater discharge occurs due to evapotranspiration from 

trees along minor drainage lines, as indicated by increasing chloride concentration up to 70mg/L where 

groundwater shallows (5mbgl) as it passes through the Six Mile Creek gorge.  

South of the Fortescue Group is the Marra Mamba Iron Formation. Within Western Range the Marra 

Mamba Iron Formation appears to act as a major hydraulic barrier with groundwater level 40m lower 

on the south side within the Wittenoom Formation. Ratty Springs occurs where groundwater flow within 

the Fortescue Group is impeded by un-mineralised Marra Mamba (detailed further in section 4.1). 

Groundwater recharge to the Wittenoom Formation likely occurs only after rainfall infiltrates directly into 

the outcropping eroded valley, however depth to groundwater is >100m and only 0.2m recharge events 

are observed on the WB12WR001 hydrograph (Figure 7).  

Discharge from the Wittenoom Formation is poorly understood with groundwater presumed to flow 

south into the Brockman Iron Formation, suggested by a shallow hydraulic gradient to the south, and 

chloride concentration increasing from ~220mg/L in the Wittenoom Formation to ~ 230 mg/L within 

Brockman Iron Formation, however contrasting major ion concentrations suggest through flow is 

minimal.  

Regionally the Mount McRae Shale is an aquitard that prevents groundwater flow. However faulting 

within the study area appears to have created hydraulic connection between the Wittenoom and 
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Brockman Iron Formations, given both formations display similar water levels and hydrochemical 

signature. 

Groundwater hosted within the Brockman Iron Formation is likely limited to the fractured and 

mineralised zones. Limited data suggest groundwater levels within the Brockman Iron Formation are 

~319mRL. Although the hydraulic gradient continues south into Wyloo Group, groundwater discharge 

from the Brockman Iron Formation is poorly understood. 

The Wyloo Group is a high yielding geology within the subject area, groundwater appears to bank up 

against the Wyloo ridge which is separated from the Brockman range by an alluvial valley.  

The Wyloo Group exhibits contrasting hydrochemical signatures with bores in the east exhibiting 

chloride concentrations of 220 - 393mg/L, whilst concentrations in bores in west are significantly lower, 

ranging between 32 – 46mg/L. This suggests that groundwater recharge mechanisms differ across the 

aquifer.  

Wyloo recharge occurs after rainfall and associated surface water runoff infiltrate the thin layer of 

overlying alluvials that drains into the Wyloo. Western Wyloo has a thin layer of overlying alluvials 

reaching up to 4m which results in fast infiltration and lower mineral dissolution. In comparison eastern 

Wyloo has a thicker alluvial layer reaching up to 22m which may result in slower infiltration and higher 

mineral dissolution.  

It is likely that low permeability dolerite intrustions create aquifer compartmentisation across the deposit 

(as is obseved in similar Hamersley Group iron ore deposits, and more regionally),  

 

 

Figure 8, Conceptual hydrogeology of Western Range 
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4. Key Water Features 

4.1 Groundwater Dependant Ecosystems 

Ratty Springs, is situated within the Pirraburdu Creek. The spring occurs where groundwater within the 

Pirraburdu Creek catchment funnels through a 150m wide gorge (Johnny’s Gorge) in the Marra Mamba 

Iron Formation ridge.  Calcrete is observed outcropping in the creek bed, and small pool persists 

throughout much of the year. Larger pools downstream are ephemeral in nature. The springs are an 

area of high cultural significance to the Yinhawangka Traditional Owners. 

Groundwater beneath Ratty Springs is hosted by two aquifers; a shallow alluvial aquifer, and a deep 

aquifer which consists of calcrete overlying weathered Fortescue Group. Groundwater observations 

have been record at deep and shallow monitoring bore pairs 99RS01/02 (300m upstream) and 

99RS03/04 (300m downstream). The deep aquifer at 99RS01/-2 is Fortescue Group, at 99RS03/4 it is 

Wittenoom Formation (Figure 9). 

Surface water samples for major ion and stable isotope analysis have been collected regularly since 

May 2017 (Figure 10). The hydrochemical signature of the spring water maintains a consistent 

composition throughout the year, with chloride ranging from 87 to 121mg/L and deuterium from δ 2H 

ranging from -47 to -37‰, the range is attributed to temporal variation in the relative proportion of deep 

and shallow groundwater feeding the pool.   

 

 

Figure 9, Hydrogeological conceptual cross section of Ratty Springs 

At monitoring bore 99RS01/2 a 5m thick clay layer overlies the calcrete, which may act as an aquitard, 

however the extent of this clay in the springs area is unknown. A thinner clay layer, with a higher sand 

content, has been logged at monitoring bore 99RS03/4, 300m downstream of Ratty Springs. The deep 

and the shallow aquifer have the same head at monitoring bore 99RS01/2, whilst at 99RS03/4 the deep 

bore is consistently 0.5m higher (Figure 11).  
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The pool water level (that sources its water from Ratty Spring discharge) fluctuates in line with seasonal 

rainfall. During wet season the recharge into the shallow alluvium aquifer results in the water table rise 

and a number of pools generating up and downstream of Ratty Spring. 

With the onset of the dry season and recession of surface water, the surface expression of the shallow 

aquifer in the area of the spring persists the longest, suggesting that it is supported by the upward 

pressure from the underlying deep aquifer. This is corroborated by the chloride and deuterium 

composition which is consistent throughout the year, without any indication of evapo-concentration. 

During extended dry periods, the head of the deep aquifer may reduce to the point where the pool can 

be completely dry. Recharge to the deep aquifer is thought to be from outcrop and subcropping 

Fortescue Group within the Pirraburdu catchment. 

 

Figure 10, Temporal trend in Chloride and Deuterium observed at Ratty Spring. 
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Figure 11, The relationship of rainfall and groundwater level in monitoring bores adjacent to Ratty Springs. 

 

 

4.2 Surface Water Pools 

A number of small surface water pools occur within ephemeral drainage lines on the southern side of 

Western Range Brockman Ridge. Incised depressions, fill and overflow during rainfall events. Their 

morphology is such that evaporation is minimal and therefore water is retained throughout much of the 

year. The pools are >50m above groundwater level.  

 

5. Existing Groundwater Use 
Minor groundwater abstraction has occurred at Western Range from WB12WR001/2 to supporting 

mineral exploration drilling.  Within the same licence area (GWL109318(14)) groundwater is abstracted 

to support existing operations in the Greater Paraburdoo area, this comprises the 4W and 4E 

dewatering borefields and the Southern and Northern supply borefields. There are over 30 station bores 

within a 45km of Western Range, these are generally windmill operated abstracting from shallow 

aquifers. 

Rio Tinto also abstracts from two separate licences nearby: 

 GWL 107413(9): Turee Creek Borefield – 3.23GL/a abstraction license 

 GWL 107414(12): Channar Wellfield - 1 GL/a abstraction license 
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6. Groundwater Investigation 

6.1 Drilling 

Two separate hydrogeological investigations have contributed to the current hydrogeological 

understanding of the Western Range area, including supply potential and future dewatering 

requirements A summary of existing bores is provided in Table 2, with locations presented in Figure 1. 

 2012: conducted by Sinclair Knight Merz (SKM) on behalf of RTIO, comprising installation of 

thee production and four monitoring bores. 

 

 2018: The second investigation in 2018 was conducted by RTIO, comprising installation of four 

monitoring bores and test pumping of the three production bores installed in 2012  

 

An investigation is planned for 2019 to further develop the Western Range water supply targeting the 

alluvial valley that overlies the Wyloo Group. Groundwater level observations from ongoing RC drilling 

to define the resource will also be utilised to improve the hydrogeological conceptualisation.



  

    

 

Table 2. Monitoring and Production bore construction details. 

Bore Name Easting  

(MGA94) 

Northings  

(MGA94) 

TOC Elevation 

(mRL) 

Ground Level (mRL) Cased Depth Casing Internal Diameter (mm) Screen Interval Screened Unit 

Production 

WB12WR001 544651.994 7437240.437 432.843 432.233 180 200 120-174 Wittenoom 

WB12WR002 550356.788 7432619.401 346.374 345.783 90 250 54-84 Wyloo 

WB12WR003 551724.249 7433157.717 353.258 352.838 100 200 52-88 Wyloo 

WB02WR01 542338 7438403 ? 386 ? 200 ? Fortescue 

WB02WR02 541643 7438654 ? 374 ? 200 ? Fortescue 

Cairn Hill Bore 538264 7437494 ? 354 ?    

Monitoring 

MB12WR001 542551.404 7438305.541 381.829 381.363 150 50 36-150 Fortescue 

MB12WR005 545809.286 7435035.4 353.266 352.68 150 50 102-150 Wyloo 

MB12WR006 551338.004 7434123.246 396.712 396.129 142 50 100-142 Brockman Iron 

MB12WR009 543795.198 7435373.318 370.212 369.65 128 50 84-128 Wyloo 

MB18WR0001 544414.974 7436990.753 464.422 463.744 166 50 70-166  

MB18WR0002 545327.646 7436470.045 466.697 465.939 196 50 142-196  

MB18WR0003 545309.569 7436298.842 460.878 460.278 192 50 138-192 Brockman Iron 

MB18WR0004 538217.817 7438169.484 347.203 346.447 60 50 6-60 Fortescue 



  

    

 

7. Pumping testing  
Pumping testing was undertaken in 2018 to assess the supply potential of the three existing production 

bores drilled in 2012. A summary of the pump testing is shown in Table 3. 

Bore Name 
Screened 

Unit 

Cased 

Depth 

(mbgl) 

Installation 

Date 

Casing 

Diameter 

(mm) 

SRT Step 

Rates 

CRT 

duration 

(hrs) 

CRT 

(L/s) 

Max 

Drawdown 

(m) 

WB12WR001 Wittenoom 180 2012 200 
5, 9, 13 

and 17 
48 17 6.86 

WB12WR002 Wyloo 108 2012 250 4, 6 and 8 24 7.5 30.79 

WB12WR003 Wyloo 100.5 2012 200 
6, 10, 14 

and 18 
24 17 13.26 

Table 3: Test Pumping Summary 

7.1 Pumping test of WB12WR001 

A step rate test (SRT) was undertaken on 11:00am 5/10/2018 which was comprised of four continuous 

steps of 60 minute duration at 5, 9, 13 and 17L/s. The final step was sustainable and therefore, a 2 day 

constant rate test (CRT) at a rate of 17L/s commenced on 8:00am 6/10/2018 and ran for 24 hours until 

8:00am 7/10/2018. During the CRT a total of 6.86 m drawdown was observed in the pumping well 

(WB12WR001).  

CRT results indicating the following: 

 A boundary appears to be reached within the test pumping bore, with late time drawdown 

increasing. The boundary has been interpreted to be low permeability Marra Mamba Iron 

Formation to the north. 

Bore ID 
Aquifer 
Type 

Aquifer 
Screened 

Saturated Aquifer 
Thickness, b (m) 

Analyses 
Method 

T 
(m²/day) 

Specific 
Storage (m-

1) 

Bulk 
Hydraulic 
Conductivity 
(m/d) 

WB12WR001 Fractured  Wittenoom 61 
Hantush-
Jacob 

540 1.448E-9 8.89 

Table 4: CRT Analyses Results WB12WR001 

7.2 Pumping test of WB12WR002 

The SRT was undertaken on the 8:00am 29/09/2018 which was comprised of four continuous steps of 

60 minute duration at 4, 6, 8 and 12L/s. The final step was drawing down unsustainably and therefore 

a rate of 7.5L/s was chosen for the CRT which commenced on 8:00am 30/09/2018 and ran for 24 hours 

until 8:00am 1/10/2018. A total of 30.79 m drawdown was observed in the pumping well and 5.60m was 

recorded in the monitoring bore MBWR001 (30m away).  
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Bore ID 
Aquifer 
Type 

Aquifer 
Screened 

Saturated Aquifer 
Thickness, b (m) 

Analyses 
Method 

T 
(m²/day
) 

Specific 
Storage (m-1) 

Hydraulic 
Conductivity 
(m/day) 

MBWR001 Fractured  Wyloo  55 Hantush 33.8 2.5 x10-3 0.61 

WB12WR002 Fractured  Wyloo 55 Hantush 8.4  0.15 

Table 5: CRT Analyses Results WB12WR002 

7.3 Pumping Test of WB12WR003: 

The SRT commenced on 8:00am 2/10/2018 and comprised four continuous steps of 60 minute duration 

at 6, 10, 14 and 18L/s. A 24hr CRT at a rate of 17L/s commenced on 8:00am 3/10/2018 and ran for 24 

hours until 8:00am 4/10/2018. A total of 13.4m drawdown was observed in the pumping well 

(WB12WR003) with no drawdown within observation bore MB12WR006 (950m away in Brockman Iron 

Formation) 

Bore ID 
Aquifer 
Type 

Aquifer 
Screened 

Saturated Aquifer 
Thickness, b (m) 

Analyses 
Method 

T 
(m²/day
) 

Specific 
Storage (m-1) 

Hydraulic 
Conductivity 
(m/day) 

WB12WR003 
Fractured 
– Leaky  

Wyloo  53 
Hantush-
Jacob 

111.5 5.688E-5 1.69 

Table 6: CRT Analyses Results WB12WR003 



  

    

 

 

8. Groundwater Modelling 
A groundwater analytical model was developed by Rio Tinto using AnAqSim to determine the required 

groundwater abstraction rate to achieve below water table mining and to assess the potential extent of 

drawdown. 

8.1 Conceptual Model Summary 

The hydrogeological conceptualisation presented within this report was used to define the hydraulic 

boundaries. The hydrogeology was simplified into three separate aquifers: 

 the fractured Wittenoom and unmineralised Brockman Iron Formation 

 mineralised Brockman Iron Formation  

 Wyloo formation. 

The Marra Mamba Iron Formation was interpreted to be a no-flow boundary. The assigned aquifer 

parameters are shown in Table 7. There has been no test pumping of the Brockman Iron Formation 

within the Western Range, therefore the aquifer properties are based on characteristic Brockman Iron 

Formation hydraulic parameters observed elsewhere in the Pilbara, the model extent is shown in Figure 

12.  

Hydrostratigraphic Unit K (m/d) S Sy 

Un-mineralised Brockman Iron /Wittenoom 0.5 0.001 0.05 

Mineralised Brockman Iron 1.5 0.001 0.1 

Wyloo 1 0.001 0.05 

Table 7: Analytical Model Hydrogeological Parameter Summary 

8.2 Groundwater Elevation and Boundary Conditions 

Un-mineralised Marra Mamba in the north forms a no-flow boundary with an east to west orientation, 

this boundary prevents direct through flow from the Fortescue into the Wittenoom and Brockman Iron 

Formations. The hydraulic gradient is from north to south. This is  represented in the model with general 

head boundaries on the east and west reducing from 320mRL to 319mRL, a constant boundary at 

317mRL bounds the south of the model domain. 

8.3 Predicted Dewatering Rates 

Based on current bench progressions, Pit 36W requires 30m of dewatering in order to access below 

water table ore. It is predicted that an abstraction rate of 0.5 GL/a for two years is required to facilitate 

safe mining below the water table. Pit 66W requires 15m of dewatering, it’s predicted that an abstraction 

rate of 0.4 GL/a for two years is required to facilitate safe mining below the water table (Table 8).   
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 Per Year Dewatering duration 

36W Abstraction Volume (GL) 0.5 2 

66W Pit Volume (GL) 0.4 2 

Total Volume (GL) 1.8GL 

Table 8: Predicted Abstraction Volumes at 36W and 66W mining areas. 
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10. Assessment of Potential Impact 
Groundwater abstraction at Western Range is required in order to support mining below the water table 

and water supply associated with mining operations. Based on the analytical model detailed in Section 

8, groundwater levels in and surrounding the dewatering operations will be lowered with no known 

groundwater dependant sites inside the area of influence, the predicted area of influence is depicted in 

Figure 12. 

Ratty Springs has no hydraulic connection to the Brockman Iron Formation aquifer, and is also out of 

the area of influence of groundwater abstraction.  

 

 

 

 



  

    

 

 

Figure 12: Predicted Drawdown in 36W & 66W from dewatering operations, red dashed line illustrated analytical model extent.



  

    

 

11. Groundwater Monitoring 
The Proponent’s aim is to ensure that the environmental requirements for water quality and 

sustainability are met.  This includes ensuring that water quality does not deteriorate below its current 

state during mining and post-closure.  Potential impacts will be assessed through the existing 

groundwater monitoring program at Western Range, which will be expanded to include the predicted 

drawdown extent.   

The below monitoring bores will be added to the Paraburdoo Groundwater Operational Strategy 

(GWOS) and reported annually within the Annual Aquifer Review (AAR). 

 MB18WR0004 

 MB12WR001 

 WB12WR001 

 MB12WR005 

 MB12WR006 

Bore Type Frequency Measurements 

 

 

Production 

Monthly 
Flow (operating only) 

Depth to water 

Quarterly Field chemistry pH, electrical conductivity (operating bores only) 

Annually 

Laboratory chemistry suite (operating bores only) 

o EC, pH, temperature, TSS, TDS 

o Major ions (CO3, HCO3, Ca, Na, K, Mg, SO4, Si, F, Fe, Al, Cl) 

o Trace metals including: Ag, As, B, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, Pb, 

Sb, Se, Sn, U, Zn; and 

o Nutrients including: Total P, Total N, NO2, NO3, NH4 

Monitoring Monthly Depth to water (access permitting) 
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12. Management Conclusion  
Rio Tinto has a defined Water Strategy that guides water management within the group.  This strategy 

requires an integrated approach to water management that promotes, maintains or improves water 

quality, minimises fresh water use and maximises reuse and recycling.  

The water abstracted from the Western Range will be used as a supply source for local mining 

operations for uses such as dust suppression and ore processing.  

Monitoring bores will be commissioned with data loggers for continuous monitoring of the water level. 

Selected bores will have monitoring devices that will also read salinity changes over time to further 

understand groundwater recharge process. Ongoing groundwater observations will be analysed to 

determine the extent of the dewatering cone of depression 

All the production bores will be commissioned with automated telemetry systems to optimise water 

abstraction and manage drawdown throughout the borefield.   
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