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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 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. Executive summary 
The proposed 4 East Extension mining area (4EE) is part of the Greater Paraburdoo Operations (GPO) 
which comprises iron ore mining operations at Paraburdoo, Eastern Range and Channar and the 
proposed Western Range. GPO is located in the Central Pilbara, approximately 7 km southwest of 
Paraburdoo Township. Mining commenced at GPO in 1971 and operates under the conditions set out 
in Ministerial Statement 16. The Project will be operated by Rio Tinto (the Proponent). 

GPO is located within the Pilbara groundwater proclamation sub area, Groundwater abstraction occurs 
under Groundwater Licence (GWL) 109318 (14), which permits abstraction of 9,000,000kL per annum 
for mineral ore processing, dust suppression and water supply purposes.  

4EE is a mineralised Brockman Iron Formation deposit that is 80% below water table. Increased 
dewatering of up to 7.5 GL/a will be required to further lower the groundwater level by 170m to 110mRL. 
This includes groundwater stored within the Brockman Iron Formation for mineral extraction, but also 
the Wittenoom Formation for geotechnical stability.  

The dewatering infrastructure will be connected to the GPO water supply system and predominantly 
used for mineral processing and dust suppression across the mining operations. During periods of low 
water demand, dewatering discharge will be directed into unused mining pits or Seven Mile creek at 
licenced discharge points, including Seven Mile Creek L5275/1972/11. 

4East mining area lies within the Seven Mile Creek regional 1200km2 catchment. Seven Mile Creek is 
ungauged, however it has been observed to periodically flow following heavy rainfall, with flows up to 
2m high recorded adjacent to 4East mining area. Seven Mile Creek passes through the Hamersley 
Ranges at Paraburdoo (Paraburdoo Ranges) at ~340mRL within a 200m wide valley that separates the 
4 East and 4 West Deposits. 

The hydrogeology of the Paraburdoo 4East mining area is complex due to compartmentalisation by a 
number of structural controls and low permeability layers. The interaction between surface water in 
Seven Mile Creek and the underlying and adjacent groundwater hosted within fractured bedrock have 
an important bearing on the water balance and the transient nature of recharge discharge processes. 

Groundwater in the study area is hosted within thin alluvials within Seven Mile Creek (SMC Aquifer) 
and underlying and adjacent Wittenoom Formation (FRA WF Aquifer) and Brockman Iron Formation 
(FRA/MIN BRK Aquifer). A low permeability shale layer (MTS/MCS) is a major aquitard between the 
FRA WF and FRA/MIN BRK Aquifer) (Figure A). 

Large annual rainfall events within the Seven Mile Creek catchment result in significant runoff and 
flooding within Seven Mile Creek and full saturation of the SMC Aquifer.  

Hydrochemical trends suggest that groundwater within the SMC Aquifer progresses down gradient with 
losses associated with evapotranspiration from riparian vegetation and infiltration to the underlying 
aquifers. The majority of infiltration losses occur to the FRA WF and MIN/FRA BRK aquifers, which 
underlie the SMC Aquifer adjacent to the Paraburdoo 4 East mining area. 

Groundwater that recharges to the FRA WF aquifer is bound to the south by the very low permeability 
MCS/MTS barrier resulting in minimal through-flow to the MIN/FRA BRK aquifer. Within Seven Mile 
Creek groundwater is very shallow north of the MCS/MTS barrier supporting Riparian Vegetation. 
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Historic pumping and storage depletion calculations suggest that groundwater that recharges to the 
MIN/FRA BRK Aquifer at a rate of ~ 3900kL/d. Chloride mass balance calculations suggest that direct 
rainfall infiltration into the MIN/FRA BRK aquifer contributes ~ 100kL/d recharge accounting for only 
2.5% of total aquifer recharge. 

Abstraction within the MIN/FRA BRK aquifer has occurred since 2001 resulting in cone of depression 
extending 5km to the south within the WW Formation, with only minimal drawdown observed north of 
the MCS barrier. Within the 4East mining area groundwater levels have reduced from 340 to 280mRL. 

The 4EE mining pit will progress until 2039 with the final mining bench at 110mRL. Below water table 
mining will commence ~2023 and the groundwater level will be lowered by additional ~150m over ~16 
years. A numerical model based on the hydrogeological conceptual model presented above, predicts 
that ~150 GL will need to be abstracted, with advance dewatering, required to meet the mine plan, to 
commence late 2021. 

Abstraction is required to dewater the orebody (FRA/MIN BRK Aquifer), reducing groundwater level 
from 270 to 100mRL to facilitate dry ore extraction, and improve geotechnical stability in the north pit 
wall by reducing groundwater levels in the FRA WF aquifer and decrease pore pressures in the Mount 
McRae Shale. Upstream of the MCS/MTS barrier, abstraction from the FRA WF Aquifer is likely to 
propagate along strike and, where in hydraulic connection, may reduce groundwater levels in the SMC 
alluvial aquifer. 

An extensive groundwater monitoring network is in place and will be continually assessed for its 
suitability to manage draw down and the potential impact on the ecology of the creek. 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. 

 

Figure A:  Conceptual hydrogeology of the 4 East mining area, illustrating the proposed 4EE Pit and 
key groundwater budget components. 



  

    

 

2. Introduction 
The proposed 4EE is part of the Greater Paraburdoo Operations (GPO) that comprises iron ore mining 
operations at Paraburdoo, Eastern Range and Channar and the proposed Western Range. GPO is 
located in the Central Pilbara, approximately 7 km southwest of Paraburdoo Township. Mining 
commenced at GPO in 1971 and operates under the conditions set out in Ministerial Statement 16. The 
Project will be operated by Rio Tinto (the Proponent) 

GPO is located within the Pilbara groundwater proclamation sub area, the Proponent currently draws 
groundwater to support below water table (BWT) mining at the 4 West and 4 East pits, for mining and 
processing supply from the Southern, Turee Creek and Channar supply borefields, and for potable 
supply from the Northern Borefield. The Northern Borefield is located within the Paraburdoo P1 Drinking 
Water Source Protection Area.   

Groundwater abstraction occurs under Groundwater Licence (GWL) 109318 (14) (Appendix A), which 
permits abstraction of 9,000,000kL per annum for mineral ore processing, dust suppression and water 
supply purposes. The licence is valid until 15th June 2026. Additional abstractions under the same 
licence include 4West dewatering borefield, Southern Borefield, and the Northern Borefield 
(Paraburdoo Town Supply).  In The 4 East mining area, Abstraction to facilitate BWT mining for the 
current 4 East pit has occurred since 2001, resulting in the lowering of groundwater of ~60m (from 340 
to 280mRL) in the immediate deposit area. Abstraction has occurred only from within the Brockman 
Iron Formation, this is adjacent to Seven Mile Creek, which provides significant amount of groundwater 
recharge after each significant rainfall event. 

The 4EE deposit is a mineralised Brockman Iron Formation deposit that is 80% below water table. 
Increased dewatering of up to 7.5 GL/a will be required to lower the groundwater level by 170m to 
110mRL. This includes groundwater stored within the Brockman Iron Formation for mineral extraction, 
but also the Wittenoom Formation for geotechnical stability.  

The dewatering infrastructure will be connected to the GPO water supply system and predominantly 
used for mineral processing and dust suppression across the mining operations. During periods of low 
water demand, dewatering discharge will be directed into unused mining pits or Seven Mile creek at 
licenced discharge point L5275/1972/11. 

Groundwater abstraction is also required to facilitate mining at Western Range, which will be mined in 
parallel with 4East Extension, this abstraction is within the same licenced area (Groundwater Licence 
(GWL) 109318.) 

An increase of abstraction licence to 14GL/a is requested, this H3 report details the environmental 
impact assessment in 4East mining area,  a separate H2 assessment of the Western Range area is 
also provided.



  

    

 

 

 

 

 

 

 

 

Figure 1. Groundwater study area relevant to 4 East mining area, illustrating the surface geology and groundwater and surface water sampling locations. 



  

    

 

3. Physical setting of study Area 

3.1 Geology 
The 4 East study area (Figure 1) is located on the southern margin of the Hamersley Province, on the 
south dipping limb of Bellary Anticline, within the Paraburdoo Ranges. It contains bedrock formations 
from the Fortescue Group, Hamersley Group and the Wyloo Group. Iron ore mineralisation occurs within 
the Dales Gorge and Joffre Members of Brockman Iron Formation. Bedding dips 40-50 degrees to the 
south. The bedrock formations have been incised by Seven Mile Creek where it intersects the 
Paraburdoo Range. The creek has deposited a 5-10 m thick alluvial sequence comprising clay, sand, 
silt, gravels. The geology of the Seven Mile Creek catchment comprises ~ 90% Archaean volcanic 
belonging to Fortescue Group (Figure 2), as a result even modest rainfall events (20 mm) generates 
considerable surface water flows replenishing the alluvial aquifer in major drainage lines.  

A key structural feature of the 4 East mining area is the 18 East steep reverse fault which has a 
significant offset bringing the Jeerinah Formation of the Fortescue Group into contact with the Brockman 
Iron Formation of the Hamersley Group, this is also acts as major hydrogeological barrier as discussed 
in section 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Topography map illustrating the Seven Mile Creek Catchment. Topographic Cross section (insert top), illustrating proposed 4EE pit 

and Original topography. The bottom insert is a detailed topography map of 4 East. 
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3.2 Climate  
The study area is described as grassland: hot (persistently dry), based on the modified Köppen 
classification system. Rainfall is typically associated with tropical low-pressure systems and 
thunderstorm activity from the monsoonal troughs that develop over northern Australia during summer. 
Winters are typically dry and mild though winter rain events can occur because of tropical cloud bands 
that intermittently affect the area. The 1974-2017 mean annual rainfall measured at Paraburdoo Aero 
is 325 mm with a range of 103 mm to 598 mm illustrating the high inter-annual variability. The rainfall is 
also highly seasonal, with approximately 74% of the annual total occurring between December and April 
(RTIO, 2017a). Long-term daily gridded rainfall data (5 x 5 km) has been derived by the Bureau of 
Meteorology from recorded daily rainfall, mean annual Class A pan evaporation is estimated at 3543mm 
(Figure 3). 

Figure 3, Monthly gridded rainfall and Mean Class A pan evaporation distribution for Paraburdoo (1974 – 2017, derived from 

BoM data) 

Figure 4, Annual rainfall observed at BoM station Paraburdoo Aero (1910 to 2016) 

 

 

0
100
200
300
400
500
600
700

19
10

-1
1

19
13

-1
4

19
16

-1
7

19
19

-2
0

19
22

-2
3

19
25

-2
6

19
28

-2
9

19
31

-3
2

19
34

-3
5

19
37

-3
8

19
40

-4
1

19
43

-4
4

19
46

-4
7

19
49

-5
0

19
52

-5
3

19
55

-5
6

19
58

-5
9

19
61

-6
2

19
64

-6
5

19
67

-6
8

19
70

-7
1

19
73

-7
4

19
76

-7
7

19
79

-8
0

19
82

-8
3

19
85

-8
6

19
88

-8
9

19
91

-9
2

19
94

-9
5

19
97

-9
8

20
00

-0
1

20
03

-0
4

20
06

-0
7

20
09

-1
0

20
12

-1
3

20
15

-1
6

An
nu

al
 m

ax
im

um
 ra

in
fa

ll 
(m

m
)

Hydrological year (Oct-Sep)



  

  Page 16 of 56 

3.3 Hydrology 
4 East mining area lies within the Seven Mile Creek regional catchment. The upper catchment is drained 
from Tom Price to Paraburdoo by Bellary Creek, where it merges with Tableland Creek immediately 
downstream of the Paraburdoo Airport. Seven Mile Creek passes through the Hamersley Ranges at 
Paraburdoo (Paraburdoo Ranges) at ~340mRL within a 200m wide valley (Figure 5) that separates the 
4 East and 4 West Deposits, the upstream catchment from this point is 1200km2. The creek is 
ungauged, however it has been observed to periodically flow following heavy rainfall, with flows up to 
2m high recorded adjacent to 4 East mining area (Figure 6).  

Ephemeral pools occur upstream and downstream of the mine tenure as surface flows recede. Seven 
Mile Creek discharges into the Ashburton River at Deolan Pool some 58 km downstream. The Seven 
Mile Creek regional catchment accounts for only 3% of the area of the Ashburton river basin. 

 

Figure 5 Seven Mile Creek in flow – photograph taken in 2004 looking upstream (North) from the eastern banks, associated 

with Cyclone Monty. 

 

Figure 6 Hydrograph response from pressure transducer SW15PAR001-2 and 4 (locations shown in 
b), illustrating flooding events within Seven Mile Creek. 
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4. Hydrogeology 
The hydrogeology of the Paraburdoo 4 East mining area is complex due to compartmentalisation by a 
number of structural controls and low permeability layers. The interaction between surface water in 
Seven Mile Creek and the underlying and adjacent groundwater hosted within fractured bedrock has 
an important bearing on the water balance and the transient nature of recharge discharge processes. 

The groundwater area relevant to this study (Figure 1) is defined by where the Seven Mile Creek 
approaches and passes through a narrow (200m wide) gorge incised through the Paraburdoo Range 
adjacent to the 4 East mining area. Leakage from the creek alluvial aquifer (SMC Aquifer) to the 
underlying and adjacent fractured rock aquifers occurs, before the creek exits on the opposite side of 
the range. 

Groundwater abstraction from the mineralised Brockman Iron Formation orebody aquifer (FRA/MIN 
BRK aquifer) to enable below water table (BWT) mining of the current 4 East mining pit has occurred 
since 2001. Varied groundwater level response has been observed across different stratigraphic units 
(Figure 8 and Figure 9). This has helped to identify the connection between various water bearing 
formations and to develop a more robust hydrogeological conceptual model, including the identification 
of aquifers and aquitards, as detailed below: 

4.1 Hydrostratigraphic Units 
 
Groundwater is the 4 East study area is hosted within a number of different formations of varying 
hydraulic characteristics, a summary is detailed in Table 1 below. 

Table 1, Summary of key hydro stratigraphic units within the 4 East groundwater study area. 

 Geology Hydrogeology 
Reference 

Hydrogeology 
Characteristics Description 

Seven Mile 
Creek alluvial 
aquifer 

SMC Aquifer Shallow aquifer 

A thin (up to 30m thick) sedimentary aquifer 
comprising varying sands, gravels and clays located 
within the active channel and flood plain of Seven Mile 
Creek. Overlies and is in hydraulic connection with 
bedrock fractured rock aquifers. 

Wyloo Group Wyloo 

Low permeability 

A sedimentary formation that includes sandstones, 
mudstones, conglomerates, at Paraburdoo the key 
members are the Duck Creek Dolomites and Mt 
McGrath Formation, however limited hydrogeological 
data exists. 

Low storage 
To the south a resistive band within the Wyloo forms a 
30m high ridge, which is thought to define the 
southern extend of the groundwater area. 

Weeli Wolli 
Formation 

WW 

Low permeability 
A succession of jasperlite, shale and dolerite sills, that 
lie to the south of the study area. The jasperlite is 
more resistant than the shale and dolerite, resulting in 
a series of parallel ridges and troughs. Although not 
tested within the Paraburdoo region, the Weeli Wolli 
Formation is known to have relatively low permeability 
with low groundwater storage. 

Low storage 
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Brockman 
Iron 
Formation 

FRA/MIN BRK 
aquifer 

Fractured and 
mineralised rock 
aquifer 

The 4 East deposit is hosted within the Brockman Iron 
Formation. Groundwater is predominantly associated 
with secondary porosity developed through 
mineralisation within the Joffre and Dales Gorge 
Members. 

Mount McRae 
Shale/Mount 
Sylvia 
Formation 

MCS/MTS Aquitard 

South of the FRA WF aquifer lies the Mount McRae 
Shale and the Mount Sylvia Formation. The shale 
bands are characteristically low permeability and often 
act as an aquitard. Abstraction within the FRA/MIN 
BRK aquifer has had minimal drawdown within the 
FRA WF aquifer. 

Wittenoom 
Formation 

FRA WF aquifer 
Fractured rock 
aquifer 

A thick succession of chert, shale and dolomite that 
lies to the north of the 4 East deposit. Groundwater is 
associated with secondary porosity associated with 
faulting/fractures and subsequent karstic dissolution 
predominantly within the Paraburdoo Member. 

Marra Mamba 
Iron 
Formation 

MMIF 

Low permeability A low permeability thickness of un-mineralised 
Banded Iron Formation, limited hydrogeological 
information exists for this formation in the Paraburdoo 
area. Low storage 

Fortescue 
Group 

FOR Low permeability 

The Jeerinah Formation hosts interbedded chert, 
shale, dolomite and a high density of intruded dolerite 
sills (up to 50% of the formation). It lies both 
conformably to the north of 4 East underlying Seven 
Mile Creek, and on the east of the deposit where the 
18-East fault brings it into contact with the Brockman 
Iron Formation. The formation is characteristically very 
low in permeability and storage. 

 

4.2 Groundwater flow 
The predominant regional groundwater flow direction is from north to south, mimicking the gradient and 
topography of Seven Mile Creek catchment. As the creek approaches the Paraburdoo range, the depth 
to groundwater shallows (~5mbgl) in the SMC Aquifer, a dense population of riparian vegetation occurs 
in this area (Figure 7). The SMC Aquifer is in hydraulic connection with the underlying bedrock 
formations.  

The groundwater elevations within the Hamersley Group units (Wittenoom, Marra Mamba Iron, 
Brockman Iron and Weeli Wolli Formations) before abstraction from the FRA/MIN BRK aquifer 
commenced in 2001,  ranged from ~345mRL in the north to 335mRL in the south, suggesting a 
southerly groundwater flow direction, at a hydraulic gradient of 0.005. Elevated groundwater levels 
(~360mRL) are observed in the Fortescue Group (FOR) to the east of the 18-East fault (Figure 8).  

Low permeability shale bands and weathered dolerite sills and dykes result in aquifer 
compartmentalisation resulting in discrete units of high permeability separated by hydraulic barriers. 
This is most evident beneath Seven Mile Creek, where each discrete unit act as “buckets” which 
successively fill and overflow into the next bucket (Figure 7) during creek flooding events. These 
buckets then recede as groundwater seeps into adjacent aquifers.  
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Figure 7 Hydrogeological cross section along Seven Mile Creek, illustrating wet and dry season groundwater levels. 

Hydrographs illustrating the influence of low permeability layers creating “buckets” which fill and over top during the wet 

season. 

 



  

  Page 20 of 56 

 

Figure 8, Surface geology of the study area, illustrating pre-mining and current groundwater elevation and key hydrogeological 

boundaries (geological legend in reverse chronological order) 
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4.2.1 Response of groundwater to long term pumping 
Groundwater abstraction from the FRA/MIN BRK aquifer to enable BWT mining of the current 4 East 
pit has occurred since 2001. This has resulted in the development of a cone of depression, the spatial 
distribution of which has allowed the hydraulic connection between formations to be determined. 
Drawdown of up 80m has been observed within the FRA/MIN BRK aquifer (Figure 8). Whilst minimal 
drawdown  (~5m) has been observed within the FRA WF aquifer which lies north of the MCS/MTS 
formations, which forms a significant hydraulic barrier (VW174EE0011- Figure 9 and Figure 11).  

The MCS/MTS formations are more resistive to erosion, where they cross the creek the SMC aquifer 
thins to less than 10m thick creating a hydraulic barrier and groundwater flow dam. This results in 
shallow groundwater levels (~5mbgl) and a dense population of riparian vegetation upstream of the 
dam. No drawdown due to groundwater abstraction has been observed upstream of the MCS/MTS 
within the SMC alluvial aquifer and underlying FRA WF.  

Drawdown has extended up to 4km to the south within the Weeli Wolli Formation and Mount McGrath 
Member (Wyloo Group PZ084E003 Figure 9). The total observed drawdown map is shown in Figure 
10. 

 

 

Figure 9 Historic pumping and groundwater levels from 4 East, illustrating the response from different formations, and a gradual 

rise since 2015 when abstractions rates reduced from ~5000kl/d to ~3900kl. 
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Figure 10, Total drawdown observed within groundwater monitoring bores since abstraction 
commenced at 4 East and 4West mining areas in 2001.  
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Figure 11, 3D Hydrogeological cross section of study area, illustrating the comparison of pre-mining and 2018 groundwater 

levels and proposed 4EE pit. 
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4.2.1 Response to rainfall and creek flow 
Large rainfall events within the Seven Mile Creek catchment generate surface water flow 2-3 times per 
year. With each event, the SMC alluvial aquifer (and underlying aquifers) become fully saturated and 
groundwater banks up against the MCS/MTS barrier. The detailed groundwater monitoring since 
January 2016 (Figure 12) shows groundwater level response in monitoring bores within the creek. 
These events clearly show the different response of groundwater level on either side of the MCS/MTS 
barrier.  

Minimal groundwater level response was observed within the creek north of the MCS/MTS barrier as 
shown in monitoring bore MB17NLC0004/6.  However, during large flow events, groundwater within the 
SMC aquifer overflows the MCS/MTS barrier, and groundwater levels are observed to increase by up 
to 20m seasonally within the FRA/MIN BRK aquifer.  

During the dry season, groundwater levels recede as groundwater is drawn in the FRA/MIN BRK aquifer 
along strike of the Brockman Iron Formation toward the 4East dewatering (MB15NLC0002 - Figure 12).  
This is observed by successive water table responses along the aforementioned flow path 
(MB15NLC002, MB114EX002, PZ054SW004 and 4EPZ47).   

 

Figure 12, Groundwater level response to rainfall (see locations on Figure 8). Illustrating the impact of the low permeability 

Mount McRae Shale and the recharge of the FRA/MIN BRK aquifer.  MB17NLC004/6 are north of the MCS/MTS barrier. 



  

    

 

4.3 Hydrochemical analysis to decipher groundwater recharge pathways 
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. Spatial and temporal trends 
in the chemical composition of groundwater and surface waters were used in this study to constrain the 
conceptual hydrogeological model and key recharge pathways. 

4.3.1 Sampling collection and analysis method 
Water samples have been collected within the study area since 2001 from a number of different 
groundwater and surface water locations on a varied frequency.  Groundwater samples from production 
bores were collected via a sample tap on the bore headworks, whilst monitoring bores were sampled 
with an MP1 submersible pump. Surface water samples have been collected ad hoc from a semi-
permanent pool ~3km north of Paraburdoo, sample locations are shown on Figure 1. Samples were 
analysed for major and minor ions and metal concentrations. Comprehensive chemistry of groundwater 
is provided in Appendix D. 

The analysis of the available hydro chemical data identified a number of physical and chemical process 
that results in the current hydrochemical composition of groundwater in the study area. Chloride (Cl-) 
ion concentration was used as a key tracer of groundwater recharge source. Chloride is a conservative 
ion, is not effected by water-rock interaction and therefore its concentration is only increased by 
evapotranspiration (Hem, 1985).  

As rainfall infiltrates, evapotranspiration processes will increase the concentration of TDS in the 
remaining water (Abdalla, 2007, Allison, 1982). Once in the aquifer the relative concentrations of 
individual major ions are then further modified by physical and chemical processes such as, dissolution 
of aquifer minerals, ion exchange, precipitation and mixing.  As a result, a unique chemical signature is 
developed which can be used as a diagnostic tool to understand the effect of these processes on 
groundwater evolution (Fetter, 2001). These can be deciphered by plotting chemical species on binary 
diagrams (Figure 13). This then can be compared to the seawater dilution line (SWDL) which defines 
the progression of rainfall (which should contain solutes at the same ratio as seawater) due to evapo-
concentration. If no water-rock interaction or precipitation is occurring, then progressive evapo-
concentration will result in sample distribution along the SWDL. If data plots above the line it suggests 
the ionic concentration has increased due mineral dissolution of aquifer matrix materials.  Subsequently 
samples that lie below the line suggest that ionic concentration has been reduced by removal of the 
ions from groundwater by precipitation.  

4.3.2 Results of hydrochemical sampling 
Major ions concentrations in groundwater and surface water samples collect across the site vary 
significantly, in all samples Na-,Ca2+,Mg2+,HCO3 and SO4 –concentrations are higher than the SWDL 
suggesting a process other than evaporation has increased their concentration. The concentration of K 

+ plot on the the SWDL and progress downwards of the line, suggesting progressive mineral precipitaiton 
or ion exchange is occuring. Dewatering bores 4ED3 and 4ED4, were chosen for further analysis as 
they have a full historical record and exhibit very discrete major ion ranges (Figure 13). A summary of 
the major ion concentrations from these sources is shown in Table 2. 

Chloride ion exhibits the greatest variation in concentration. The concentrations of three rainfall samples 
collected in Feb 2017, and March and Jan 2018 range from 1 mg/L to <1 mg/L. In surface water, chloride 
concentration ranges from 180mg/L to 500mg/L.  Two samples (Kelly’s Pool and Joe’s North) were 
collected immediately after a surface water flood event in February 2018, and have concentrations of 
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218 and 318mg/L respectively. The chloride concentration of all groundwater samples collected in the 
4 East study area ranges from 40mg/L to 540mg/L (Figure 14).  Analysis of all groundwater chloride 
concentrations across the study area identified that different groundwater bores have discrete chloride 
ranges. Dewatering bores 4ED3 and 4ED4, were chosen for further analysis as they have a full 
historical record and exhibit very different chloride signatures, with the concentration of 4ED3 being 
consistently 150-200mg/L lower than 4ED4.  In comparison to Seven Mile Creek surface water, 
groundwater chloride concentration at 4ED4 is consistently higher, whilst 4ED3 is consistently lower. 
The lowest groundwater chloride concentrations (~70mg/L) were observed in samples collected from 
WB13EMX003 production bore. Temporal variation in chloride (Cl-) of key locations is shown in Figure 
15. 

Sample Location K Na Ca Mg Cl HCO3 SO4 First sample Last sample 
Total 

Samples 

Seven 
Mile 

Creek 

Min 1.9 140 47 63 180 380 59 

18/06/2003 28/03/2018 40 Mean 3 222 69 102 255 600 197 

Max 5.2 330 100 180 500 820 400 

4ED4 

Min 2.6 190 63 63 290 280 230 

29/11/2001 19/02/2018 34 Mean 4 260 82 115 292 350 392 

Max 7.6 340 99 133 452 480 490 

4ED3 

Min 1.7 110 7.1 19 110 300 99 

29/11/2001 26/06/2017 27 Mean 2.5 143 46 62 140 400 143 

Max 4 260 56 77 213 450 243 

Rainfall 

Min     <1   

Feb 2017 Jan 2018 3 Mean          1     

Max          1     

Table 2, Summary of the chemical characteristics of groundwater abstracted from 4ED4 and 4ED4, since 2001 Seven Mile 

Creek, since 2003, concentration in mg/L. 

 

Figure 13, Ionic relationships with Chloride, illustrating the hydrochemical end members at 4 East  
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Figure 14, Box and whisker plot illustrating the range in chloride concentration measured from surface and groundwater in the 4 

East mining area at Paraburdoo. 

 

Figure 15, Temporal chloride concentration from Seven Mile Creek surface water and groundwater abstraction bores within 4 

East mining area. 
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4.3.3 Delineation of groundwater recharge pathways 
The major ion composition of surface and groundwater in the 4 East area identifies distinct groupings 
(Figure 13) that may indicate variation in groundwater flow paths due to contrasting physiochemical 
process acting to evolve their respective hydrochemical signature. The groups are defined by the 
discrete range of key major ions, in particular Cl-. The variation observed in Cl- concentration (Figure 
14) may suggest that there are two groundwater recharge mechanisms, with temporal variation in 
evapotranspiration rate prior to seepage (illustrated in Figure 16). These include: i) seepage from 
surface water that flows within the Seven Mile Creek and ii) direct rainfall infiltration via preferential 
pathways in the immediate vicinity of the orebody.  

The chemical signature of the seepage from surface water flows in Seven Mile Creek is generated 
during and after wet season as intense rainfall events within the creek catchment generate significant 
runoff, resulting in the dissolution of dry salts from the previous season and increasing the chloride 
concentration to around 200mg/L (Dogramaci and Skrzypek 2015). The runoff fully saturates the SMC 
Aquifer forming ephemeral surface water pools. The chloride concentration is further increased in the 
SMC aquifer due to transpiration by riparian vegetation as the surface/groundwater flows downstream 
and via direct evaporation from the surface water pools. The observed temporal variation in the major 
ion concentrations of the surface water pools therefore is dependent on residence time within the creek 
before the sample is taken.  

Down gradient, water from the SMC aquifer seeps into the underlying and adjacent bedrock aquifers 
where it flows through the Paraburdoo Range. Groundwater in the FRA/BRK aquifer then flows east 
along the strike of the Brockman Iron Formation toward the dewatering cone of depression, as observed 
in hydrograph responses (Figure 12). Along this pathway, further evapotranspiration and aquifer matrix 
dissolution occurs increasing the TDS. The increase in TDS has been shown to occur due to the 
dissolution of high magnesium calcite and gypsum and the oxidation of pyrite (Foster, 2011). This is 
illustrated by the hydrochemical signature of dewatering bore 4ED4 which has a consistently higher Cl- 
concentration than surface water within Seven Mile Creek, likewise concentrations of SO42-, Ca2+ and 
Mg2+ are increased from the SWDL. At 4ED4 the K- concentrations plot below the SWDL suggesting a 
long groundwater residence time allowing potassium to be absorbed onto clay particles.  

In contrast, the Cl- signature of groundwater sampled from 4ED3 (and nearby WB134EMX003), is 
consistently lower than groundwater at 4ED4 and Seven Mile Creek surface water, it is also lower in 
SO42-, Ca2+ and Mg2+ and K+ falls on the SWDL. This suggests that direct rainfall recharge occurs, with 
minimal evaporation prior to recharge and a shorter groundwater flow path within the aquifer.  

The Cl- concentration of 4ED3 has increased from 110 – 213 mg/L since abstraction began in 2001 
(Figure 15), which may suggest groundwater mixing between the two sources of recharge (Figure 14 
and Figure 16). WB134EMX003 has maintained a low Cl- ~70mg/L suggesting it is not influenced by 
Seven Mile Creek surface water recharge. This confirms the local compartmentalisation within the 
FRA/MIN BRK aquifer.



  

    

 

 

Figure 16, 4 East 3D Hydrogeological model, illustrating pre-mining and current groundwater levels and groundwater flow directions 

 



  

    

 

4.4 Groundwater budget  

4.4.1 Groundwater storage estimate 
The FRA/MIN BRK aquifer recharges via surface water flow within Seven Mile creek, and from direct 
rainfall infiltration as described in the previous section. A total of 29 GL of groundwater has been 
abstracted since 2001. This volume includes groundwater storage and groundwater recharge. Aquifer 
through flow is assumed very low due to the presence of the MCS/MTS barrier and minimum horizontal 
groundwater flow. 

Comparison of groundwater contours between 2001 and 2018 (refer Figure 8) suggests that 
approximately 166,000,000m3 of the orebody and surrounding units have been dewatered. The “total 
aquifer volume dewatered” was divided into contributions from each hydro stratigraphic unit using a 3D 
geological model developed in Leapfrog3D (Table 3). Assigning a porosity to each hydrostratigraphic 
unit allows for an estimate of storage of ~ 4,500,000 m3 (4.5GL). Therefore ~ the remaining ~24.5GL is 
considered recharge since 2001 (29GL abstracted – 4.5GL storage removed). Based on the above, the 
total water removed from storage only constitutes ~15% of the total water balance.  The average annual 
recharge calculated from the total groundwater recharge value is ~4000kL/d (1.4GL/a). 

In order to constrain the porosity values, groundwater levels were analysed during 2015, when 
groundwater abstraction reduced from ~ 5000kl/d to ~4000kl/d groundwater. This corresponded to 
water level rise of in the FRA/MIN BRK aquifer (Figure 9), illustrating that groundwater recharge was 
higher than groundwater abstraction.  

This approach was also used to determine that 22.5GL/a of storage in the FRA/MIN BRK aquifer will 
be required to be abstracted to dewater the 4EE deposit. 

4.4.2 Groundwater recharge estimates 
Groundwater recharge to the FRA/MIN BRK aquifer was calculated to be 85% of groundwater 
abstraction. A chloride mass balance method was used to estimate the components of the total 
recharge, by estimating the component of recharge that is a result of direct rainfall.  

The Cl- concentration of the groundwater that is assumed to be recharged by only by direct rainfall was 
represented by samples collected from WB134EMX003, which have an average concentration of 
~70mg/L, it is assumed that this concentration represents the average concentration of point source 
recharge and surface flow runoff is ignored. The rainfall concentration is ~1.0mg/L. Therefore according 
equation 1 recharge rate is calculated as follows: 

Equation 1:   𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑟𝑒𝑐ℎ𝑎𝑟𝑔𝑒 (𝑚𝑚) =
𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙𝐶𝑙×𝐴𝑣𝑒.𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙

𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟𝐶𝑙
 

𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙 𝑟𝑒𝑐ℎ𝑎𝑟𝑔𝑒 (𝑚𝑚) =
1𝑚𝑔/𝐿 × 325𝑚𝑚

70 𝑚𝑔/𝐿
 

This equates to a recharge rate of 4.5mm/year. If this recharge is applied to the 2.5 km2 pit catchment, 
recharge equals ~20kL/d (0.01GL/a). If the same calculation is conducted over the extent of drawdown 
(6km2), direct rainfall recharge equates to ~100kL/d (0.04GL/a). Applying estimates of rainfall recharge 
and storage depletion due to historic abstraction allows for an estimate of recharge to the system from 
Seven Mile Creek. Based on total recharge as a proportion of historic abstraction (~4,000kL/d, refer 
Table 4) and contribution of direct rainfall recharge (~100kL/d), ~3,900kL/d (97.5%) of the total 
groundwater recharge is estimated to be contributed by recharge from Seven Mile Creek. 
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Table 3, Groundwater abstraction values, detailing the volume of storage abstracted vs groundwater recharge. Note: recharge 

values are variable based on porosity value. 

Aquifer Total aquifer 
volume dewatered 

(m3) 

Adopted 
Porosity 

Total groundwater 
removed from 
storage (m3) 

FRA/MIN BRK 74,326,000 0.05 3,716,000 
WW/WYL 85,814,000 0.01 429,000 
FRA WF 6,740,000 0.05 337,000 

    
Total dewatered aquifer 

 
166,880,000 Total storage removed 4,482,000 

 

Total borefield abstraction (kL) 
Jan 2001 - April 2018 29,119,000 

Total storage removed (kL or M3) 
Jan 2001 - April 2018 4,482,000 

Total Recharge (kL) 
Jan 2001 - April 2018 24,636,000 

  

Rainfall recharge (kL/d) 100 
Seven Mile Creek surface water seepage 

Recharge (kL/d) 3900 

Total Recharge (kl/d) 4,000 

Total Recharge (GL/a) 1.46 

  



  

    

 

4.5 Groundwater recharge/discharge 
Hydrochemical relationships and hydraulics suggest that groundwater recharge in the 4 East 
groundwater area occurs after flooding in Seven Mile Creek and from direct rainfall infiltration. 
Groundwater discharge occurs from evapotranspiration (concentrated along Seven mile Creek), 
groundwater abstraction and from minor aquifer through flow. A summary of the recharge/discharge 
mechanism for each aquifer is outlined below:  

Table 4, Summary of recharge and discharge mechanism from the key aquifers within the 4 East groundwater study area. 

Aquifer Type Recharge mechanism Discharge mechanism 

Seven Mile Creek 

alluvial aquifer 

(SMC Aquifer) 

Intense rainfall events cause 
significant runoff generating 
stream flow along Seven Mile 
Creek. After the dry season, the 
first flood event is sufficient to fully 
saturate the SMC aquifer, 
resulting in groundwater levels 
rise by up to 30m. 

Discharge from the SMC aquifer 
occurs from evapotranspiration and 
leakage to underling aquifers and 
base flow down gradient. Where the 
SMC aquifer overlies the low 
permeability Fortescue Group 
discharge occurs primarily from 
evapotranspiration. However, 
discharge to underlying bedrock 
formation does occur further down 
gradient, where the SMC aquifer 
overlies the FRA WF aquifer and 
FRA/MIN BRK. 

Wittenoom 

Formation 

(FRA WF aquifer) 

Recharge occurs from the 
overlying SMC alluvial aquifer 
where the FRA WF aquifer 
underlies the Seven Mile Creek, 
minor rainfall recharge will also 
occur. 

Discharge occurs due to minor  
throughflow to south into the FRA/MIN 

BRK aquifer, impeded by the low 

permeability MCS/MTS 

Brockman Iron 

Formation 

(FRA/MIN BRK 

aquifer) 

Recharge occurs from the 
overlying SMC alluvial aquifer 
where the FRA/MIN BRK aquifer 
underlies the Seven Mile Creek, 
lateral movement along strike 
occurs quickly after a flooding 
event. Rainfall recharge also 
occurs and is enhanced when 
runoff into mine pits occurs, as 
observed by very low Cl’ 
concentrations in WB13EMX003. 

Pre-mining discharge would have 
occurred via minor through flow to 
south into the Weeli Wolli Formation, 
however now all discharge, occur due 
to groundwater abstraction. 
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5. Conceptual hydrogeological model summary and uncertainties 
The conceptual hydrogeology of the 4 East mining area has been developed by analysing the 
groundwater level response within different hydro stratigraphic units to groundwater abstraction and 
rainfall (creek flow) events since 2000. Spatial and temporal hydrochemical trends were also used to 
distinguish recharge sources. Summary and associated uncertainties are detailed below and illustrated 
in Figure 17:   

5.1 Conceptual model summary 
Large annual rainfall events within the Seven Mile Creek catchment result in significant runoff and 
flooding within Seven Mile Creek and full saturation of the SMC alluvial aquifer.  

Groundwater within the SMC aquifer progresses down gradient with losses associated with 
evapotranspiration from riparian vegetation and infiltration to the underlying aquifers. The majority of 
infiltration losses occur to the FRA WF and MIN/FRA BRK aquifers, which underlie the SMC alluvial 
aquifer adjacent to the Paraburdoo 4 East mining area. 

Groundwater that recharges to the FRA WF aquifer is bound to the south by the very low permeability 
MCS barrier resulting in minimal through-flow to the MIN/FRA BRK aquifer. Groundwater that recharges 
to the MIN/FRA BRK aquifer travels along strike into the 4 East ore body at a rate of ~ 3900kL/d. Direct 
rainfall infiltration into the MIN/FRA BRK aquifer contributes ~ 100kL/d recharge. 

Abstraction within the MIN/FRA BRK aquifer has occurred since 2001 resulting in cone of depression 
extending 5km to the south within the WW Formation, with only minimal drawdown observed north of 
the MCS barrier. 

5.2 Conceptual model uncertainties 
A number of conceptual uncertainty exist related to hydraulic properties and recharge pathways from 
Seven Mile Creek as detailed in Table 5. 

Table 5, Uncertainties in the hydrogeological conceptual model and proposed actions to resolve. 

Uncertainty Actions to resolve 

The degree of hydraulic connection from SMC 
in the north through the MMIF and into the 
FRA WF aquifer. 

 Groundwater level and EC trends will be 
analysed from monitoring bores drilled in 2018. 

 Long term pumping test undertaken. 

Limited information on hydraulic properties of 
the FRA WF aquifer and MMIF 

 Long term pumping test undertaken. 

Structural controls on recharge pathways into 
the FRA/MIN BRK aquifer 

 EC loggers installed in selected monitoring 
bores in 2018 to identify recharge pulses.  

Hydraulic connection along 18-East fault.  Analyse seasonal data from VWP installed 
across fault in 2018 

Volume of surface water that passes 4East in 
a flood event 

 Surface water loggers installed 
 Surface water modelling required 
 Integrated surface water/groundwater modelling  



  

  Page 34 of 56 

Figure 17. Summary of hydrogeological conceptualisation of the 4 East groundwater area. 



  

    

 

6. Groundwater use 

6.1 Existing use 
The only groundwater used within the immediate groundwater study area (defined in Figure 1) is the 
groundwater that is currently abstracted from 4 East and 4 West dewatering borefields. Groundwater 
abstraction occurs under Groundwater Licence (GWL109318) (Appendix A), which permits abstraction 
of 9,000,000kL per annum for mineral ore processing, dust suppression and water supply purposes. 
The licence is valid until 15th June 2026. Additional abstractions under the same licence include 4West 
dewatering borefield, Southern Borefield, and the Northern Borefield (Paraburdoo Town Supply). 

 4 East Dewatering Borefield currently comprises five operating production bores 
(WB134EMX001, WB134EMX003, WB104E01 (4ED4), WB104E02 (4ED3) and WB104EX01 
and associated monitoring bores 

 4West Dewatering Borefield currently comprises six operating production bores (4W10, 
4W11, WB104W02, WB134W001, WB144W002 and WB164W0001) and associated 
monitoring bores. 

 Northern Borefield currently comprises ten operating production bores (PAP1, PTP1-8 & 
PTP10), and associated monitoring bores.  

 Southern Borefield comprises one production bore, PMP5, and associated monitoring bores. 
Historically five bores operated in this borefield.  

Total groundwater abstraction for all Paraburdoo borefields during 2017 was 6,551,402kL, representing 
73% of the annual licensed allocation. Groundwater abstracted via the 4West, 4 East, and Southern 
Borefields is integrated into the Greater Paraburdoo Operations Water Scheme (GPOWS), for use at 
the Paraburdoo mine and Paraburdoo Plant. In circumstances where the volume of groundwater 
abstracted by these borefields exceeds operational demand, excess water is discharged to Seven Mile 
Creek via a licenced discharge point (Joe’s Crossing -  total licenced discharge allowance of 0.8GL/a). 
Groundwater abstracted from the Northern Borefield is used primarily for potable water supply to the 
Paraburdoo Township. The Northern Borefield and catchment is a designated P1 water reserve.  

Greater Paraburdoo Operations water demand is also supported by nearby Channar (GWL 107414) 
and Turee Creek Supply Borefields (GWL 107413), with an annual allocation of 1.5 and 3.23GL/a 
respectively 

6.2 Future use 
The groundwater supply requirement for GPO is predicted to increase due to the development of 4EE 
and Western Range mining areas for dust suppression and ore processing. The proponent also aims 
to reduce the current reliance on abstraction from the Channar and Turee Creek supply borefields to 
support GPO. 

This demand will be met by increased abstraction within GWL109318 from dewatering within the 4 East 
mining area, and from local Western Range supply abstraction (refer Western Range H2 Assessment) 
detailed in Figure 18. 
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Figure 18, Greater Paraburdoo Operations groundwater abstraction location under licence GWL109318, and the predicted 

groundwater demand. 
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7. Groundwater investigations 
 

7.1 Hydrogeological drilling 
A number of hydrogeological investigations have been undertaken in and around the 4 East deposit 
since mining began in 1971, resulting in the installation of production bores, monitoring bores and 
vibrating wire piezometers. A number of these bores have been destroyed during mining. Production 
bores target the FRA/MIN BRK aquifer (to allow abstraction to meet mine plan). Monitoring bores and 
vibrating wire piezometers are located within and outside the pit, installed to target specific lithological 
units or structural features.  

The monitoring network allows the collection of groundwater level, pore pressure and hydrochemical 
data. Bore drilling has historically been completed using either air hammer or direct rotary methods, 
pending ground conditions and bore type. Gamma surveys are generally conducted on all holes.  

More recent hydrogeology drilling programmes have been designed to reduce a number of conceptual 
uncertainties: 

2016:  3 Vibrating wire piezometers  (VWP) were drilled within the SMC Alluvial aquifer and the 
FRA/MIN BRK aquifer to investigate the hydraulic connection between Seven Mile Creek and 4 East 
deposit  

2017: 9 monitoring bores, 6 VWPs and 2 production bores were drilled to investigate the influence of 
dolerite dykes within 4 East and beneath Seven Mile Creek, and also determine the pore pressure 
response within the Mount McRae Shale. 

2018: 3 production bores, 5 monitoring bores and 3 VWPs were drilled within the Wittenoom Formation, 
Marra Mamba Iron Formation and Fortescue Group. The programme was designed to assess hydraulic 
connection from Seven Mile Creek to the Marra Mamba Iron and Wittenoom Formations (north of the 4 
East deposit). Pumping testing of the FRA WF aquifer was also undertaken to determine hydraulic 
parameters and aquifer geometry. 

A summary table of existing production and monitoring bores is provided in Appendix B with locations 
presented in Figure 1. 

7.2 Hydraulic parameter determination  

7.2.1 Brockman Iron Formation (FRA/MIN BRK) 
Groundwater level observations and groundwater abstraction data has been collected from within the 
FRA/MIN BRK since 2001. Although numerous aquifer tests have been conducted within the FRA/MIN 
BRK aquifer since 2001, the most accurate determination of hydraulic properties is deemed to be via 
calibration of a numerical model. This is detailed fully in section 5.  

7.2.2 Weeli Wolli Formation 
Although no pumping testing has been undertaken in the Weeli Wolli Formation, passive drawdown has 
been observed due to groundwater abstraction within the FRA/MIN BRK since 2001. Therefore 
hydraulic properties were determined via calibration of a numerical model. This is detailed fully in 
section 5.  
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7.2.3 Wittenoom Formation 
Groundwater level monitoring within the Wittenoom Formation only commenced in late 2017. To 
improve this uncertainty, two production bores were drilled in 2018 (WB184EE0002 and WB184EE003) 
for aquifer testing. Pilot drill holes were drilled through to the MMIF in both locations, prior to production 
bore drilling 

WB184EE0002 was drilled through the Mount Sylvia Formation and into the Wittenoom Formation (Bee 
Gorge Member and 10m into the Paraburdoo Member). The bore is low yielding due to clays and shales, 
with minimal primary permeability and development of secondary permeability (i.e. fractures and 
weathering of dolomite). Minor groundwater strikes were reported at the contact of the Bee Gorge and 
Paraburdoo Members, the hole was airlift developed at ~5L/s. 

WB184EE0003 was drilled through the same lithology, with similar low yields recorded during drilling, 
until at 176mbgl a large increase in airlift yield was recorded associated with broken ground, interpreted 
to be associated with a fault in the Paraburdoo Member. The bore was airlift developed at 20L/s. 

Results of drilling and testing (Table 6) suggest that the overall hydraulic conductivity of the 
Wittenoom Formation is low (~0.1m/d), however there are zones where secondary permeability has 
been developed through faulting/fracturing within the Paraburdoo Member. The extent and 
connectivity of these secondary features is uncertain. 

Table 6, Result of pumping testing conduction with two bores located within the FRA WF aquifer in 2018 

Tested Bore Depth SWL Screen 
From/To 

Screen 
Lithology 

Constant 
Rate 
Test 
L/s 

(days) 

Drawd
own 
(m) 

Transmissivity 
(m2/day) 

Hydraulic 
Conductivity 

(m/d) 
S 

WB184EE0002 178 89 81-171 

Wittenoom 
Formation 
Bee Gorge 
Member/ 

Paraburdoo 
Member 

4 (3) 22 10 0.11 
7.5x
10-
5 

WB184EE0003 208 135 152-200 Paraburdoo 
Member 20 (8) 7.12 450 N/A 

(Fracture) 
7x1
0-5 
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Figure 19, Cross section (looking north) illustrating the two production bores that were drilled and tested during 2018 in the 

Wittenoom Formation 

 

8. Future developments and groundwater use 
The 4 East Extension mining pit will progress until 2039 with the final mining bench at 110mRL. Below 
water table mining will commence ~2023 and the groundwater level will be lowered ~150m over ~16 
years. A numerical model based on the hydrogeological conceptual model presented above, predicts 
that ~150 GL will need to be abstracted, with advance dewatering, required to meet the mine plan, to 
commence late 2021. 

 

Figure 20, 4EE Life of mine bench progression, illustrating the below water table component, 
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Figure 21, Illustration of the Life of mine 4 East extension mining pit, illustrating the pre-mining and required groundwater level 

to achieve safe mining conditions. 

9. Groundwater modelling 
A numerical groundwater model was developed by Rio Tinto using the hydrogeological 
conceptualisation presented within this report to determine the groundwater abstraction requirements 
to meet the mine plan and the extent of groundwater drawdown. The model was constructed using 
Groundwater Vistas graphical user interface (version 7.12 build 9) and implemented with MODFLOW 
- SURFACT (version 4.0) numerical code. The hydrostratigraphic zone used in the model and their 
associated hydraulic parameters are detailed in  The full modelling report is shown in Appendix E. 

Table 7. Leapfrog 3D modelling software was used to generate the geometry of the geology. The full 
modelling report is shown in Appendix E. 

Table 7, Summary of the hydrostratigraphic units used in the model and their associated hydraulic parameters.  

Formation Kh (m/d) Kv (m/d) Specific 
Yield (%) 

Confined 
Storage 

Fortescue Group (FOR) 1e-6 1e-6 0.5 1e-6 

Unmineralised Marra Mamba (MMIF) 0.1 0.1 3 1e-6 

Wittenoom Formation (FRA WF) 0.1 0.1 5 1e-6 

McRae Shale (MCS/MTS) 0.001 0.001 0.5 1e-6 

Brockman Iron Formation (FRA/MIN 
BRK) 

1 1 5 1e-6 

Weeli Wooli Formation (WW) 0.0001 0.0001 0.5 1e-6 
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9.1 Model calibration 
The transient model was calibrated with observed water levels from 1st October 2001 to 1st April 2018. 
A total of 10 dewatering bores with their associated historical pumping rates were included in the 
transient calibration. The model calibration was assessed with water level observations from 15 
monitoring bores spanning the same time period.  

9.2 Model predictions 
The calibrated model was then used to perform a set of simulated predictions to assess a dewatering 
strategy for 4EE. The predictive simulation period was run for 22 years, representing the time period 
from 1st of July 2018 until 1st of June 2040. Stress periods were set up monthly increments and annual 
averages were applied at a daily rate kL/d.  Abstraction in the FRA/MIN BRK is represented by existing 
production bores and proposed bore, whist drain cells were used in the FRA WF. 

9.3 Predictive uncertainty analysis 
Groundwater level observations in the FRA WF aquifer only commenced in 2017 providing limited data 
for model calibration this hydraulic zone. Due to this uncertainty, Three different conceptualisation were 
tested (Figure 22) to assess the uncertainty, the conductivity of the FRA WF and MMIF aquifer was 
varied from 0.1 m/d to 1 m/d, based on known values seen at other Rio Tinto operations, this influence 
the hydraulic connection to Seven Mile Creek. Peak abstraction rates from the three conceptualisation 
scenarios range from 5.5 to 7.5 GL/a (Figure 23)  

 

Figure 22,    Different hydrogeology conceptualisation modelling scenarios (for legend see Figure 17) 

 

Figure 23, Predicted abstraction rates to meet mine plan, illustrating various in abstraction rates for each conceptualisation 

uncertainty scenario.



  

    

 

10. Assessment of potential impacts 
Increased groundwater abstraction in the 4 East groundwater area is required to develop the 4 East 
Extension iron ore deposit. The objectives of this abstraction are as follows: 

 Dewater the orebody (FRA/MIN BRK Aquifer), reducing groundwater level from 270 to 100mRL 
to facilitate dry ore extraction.  

 Improve geotechnical stability in the north pit wall by reducing groundwater levels in the FRA 
WF aquifer and decrease pore pressures in the Mount McRae Shale. 

The predicted area of influence of this abstraction is depicted in Figure 24. 

The key area of concern is in Seven Mile Creek, where current groundwater levels are relatively shallow 
and a dense population of riparian vegetation is present. Shallow groundwater occurs where the low 
permeability Mount McRae Shale crosses Seven Mile Creek, creating a barrier to groundwater flow. 
Upstream of this barrier groundwater levels currently exhibit little variation in groundwater level, 
however downstream of this barrier, groundwater fluctuation is increased, due to dewatering activities 
within 4 East.  

Although no influence on groundwater levels beneath the riparian vegetation has been observed from 
abstraction within the FRA/MIN BRK, it is predicted that the proposed abstraction from within the FRA 
WF will influence groundwater levels in this area. 

Observed and predicted hydrographs of monitoring bores within the SMC aquifer are shown in Figure 
25. The historical record from PMO1 (located downstream of the MCS barrier) illustrates an increase in 
groundwater fluctuation since dewatering at 4 East commenced. It also shows the predicted increase 
in variation once 4EE abstraction commences.   

Averaged recharge rates using a three-month summer recharge and a nine-month dry period were used 
in the groundwater model prediction to simulate seasonal behaviour in the SMC alluvial aquifer. It does 
not include the influence from the large rainfall events that periodically (within the modelled annual 
recharge cycle) ‘refill’ the aquifer. Therefore, the model predicts that abstraction from the Wittenoom 
Formation (FRA WF Aquifer) is likely to propagate along strike and, where in hydraulic connection, 
reduce groundwater levels in the SMC alluvial aquifer. The predicted hydrograph for this area is 
depicted as “SMC_North”, located in the densest area of vegetation and MB17NLC004 which has 1 
year of observations. 

More analysis will be undertaken in 2019 on how the annual flooding from the creek will recharge this 
area, however, it is anticipated that groundwater levels within the SMC Alluvial aquifer upstream of the 
MCS/MTS will replenish after each large flood event, as is currently observed downstream of the barrier. 
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Figure 24, Total predicted drawdown (wet season) in metres from 2001 levels in the 4 East groundwater area, required to meet 

the life of mine plan.



  

    

 

 

Figure 25, Observed and predicted hydrographs for groundwater beneath Seven Mile Creek, upstream (SMC_North) and 

downstream (PMO1) of the MCS barrier, map is shown in Figure 26.  

 

Figure 26, Map illustrating the location of hydrographs illustrated in Figure 25 and the location of the MCS barrier, and the WF 

FRA



  

    

 

11. Groundwater monitoring 
An extensive groundwater-monitoring network already exists within the 4 East groundwater study area, 
as depicted in Figure 1. Monitoring bores and VWPs are installed to monitor the following key 
considerations: 

 The response of geological units beneath Seven Mile Creek to flooding events. 
 The hydraulic response of key geological units from groundwater abstraction from the FRA/MIN 

BRK aquifer. 
 Pore pressure response within low permeability units 
 Groundwater quality 
 Regional monitoring to determine the extent of the cone of depression. 

Monitoring data is currently collected based on the Greater Paraburdoo Groundwater Operating 
Strategy (GWOS). Monitoring data is reviewed and evaluated for its validity prior to entry into the 
licensee’s central database (EnviroSys) in readiness for reporting requirements.  All data collected 
through the monitoring programme is included within the externally reported Annual and Triennial 
Aquifer Reviews. A summary table of the monitoring schedule is shown in Table 8. 

Due the 4EE development, the following additions to the monitoring network are proposed:  

 Two monitoring bores located within Seven Mile Creek to the north of 4 East are proposed to 
assess any change to the groundwater level within the SMC Shallow alluvial aquifer that 
supports the riparian vegetation (shown in Figure 26). 

 Three monitoring bores to the South of 4 East to monitor the progression of the cone of 
depression within the Wyloo/Mount McGrath Formations. 

Table 8, Groundwater and Surface monitoring summary from the Paraburdoo Groundwater Operating Strategy 2016 (appendix 

C). 
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13. Management approach 
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 4 East Extension will be used as a supply source of the Greater 
Paraburdoo mining operations for uses such as dust suppression and ore processing.  

It is not expected that there will be any continual surplus discharge, however during periods when 
demand for water is low intermittent discharge may be directed into unused mining pits or licenced 
creek discharge points, including Seven Mile Creek. 

A maintenance schedule will be implemented to ensure water infrastructure is operating optimally.  
Maintenance personnel will visually check the condition of the pipelines and infrastructure associated 
with transporting water from the borefield for potential leaks and ruptures. 

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.   

Due to the complexity of the hydrogeological and hydrological environment, The conceptualisation and 
numerical model will be revisited annually to assess its performance and assure the most efficient 
dewatering strategy is implemented. 
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Appendix A – Groundwater Licence 
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Appendix B – Bore details 
 

Active Production Bores     

 
Active Monitoring Bores 
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Appendix C – Paraburdoo Groundwater Operating Strategy 
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1 Introduction 

1.1  Background 

The Paraburdoo operations is located east of Paraburdoo township, in the Pilbara region of Western 

Australia (Figure 1).  Paraburdoo operations consists of existing mines at Paraburdoo and Eastern 

Ranges. Paraburdoo mining operations is managed by Pilbara Iron Company (Services) Pty Ltd (the 

Licensee).  

Operations at Paraburdoo commenced prior to the Environmental Protection Act 1986 coming into force. 

As a result, there is no retrospective Ministerial Statement. The site is managed under the Part V 

Operating Licence L5272/1972/12. 

The Paraburdoo operation, as implemented, involves: 

• Open cut mining of iron ore and occurs at nine separate deposits including Eastern Range
(4East, 4West, 5West, 11West, 23 East, 24 East, 32 East, 37 East and 42 East) by conventional
drill, blast, load and haul techniques.

• Waste rock is directed to surface waste dumps.

• Crushed ore is transported from Eastern Ranges and Paraburdoo by conveyor and processed in

central processing facilities at Paraburdoo Mine Operations.

• Water for dust suppression, mineral processing and central facilities, is sourced from the 4West,

4East, Southern, Northern, Channar borefield
1
 and Turee Creek borefields.

• Water for potable supply is sourced from the Northern borefield.

The licensee draws groundwater for the purpose of dewatering, mining activities and potable supply for 

the Paraburdoo operations in accordance with the Department of Water (DoW) Groundwater Licences 

GWL109318 and GWL107413. The Paraburdoo groundwater licences cover five separate borefields 

which extract water from the Brockman Iron Formation, Wittenoom Formation, Fortescue Group, Wyloo 

Group and alluvial/colluvial aquifers. Currently below water table mining occurs at the Paraburdoo mine 

site only. 

Groundwater abstraction from the Channar borefield is managed by the Channar Groundwater 

Operating Strategy (operating strategy), which was previously covered under a combined Greater 

Paraburdoo Operations (GPO) operating strategy (November 2009). The two strategies were separated 

in September 2014, with drafts submitted to the DoW for comment.  

The following key proposed modifications captured in this operating strategy revision are: 

• Separation from the GPO operating strategy, such that there are two separate strategies for
Paraburdoo and Channar;

• The Paraburdoo operating strategy will focus on groundwater licences and activities specific to

the Paraburdoo operations (Paraburdoo and Eastern Ranges mine sites);

• Installation of additional production and monitoring bores since submission of the previous

operating strategy;

1
 Abstraction from the Channar borefield is covered by the Channar Groundwater Operating Strategy (our 

reference: RTIO-HSE-0235159), submitted for comment to the Department of Water on 12 September 2014. The 
Channar borefield feeds water into the main Greater Paraburdoo Operations Water Scheme where it may be 
utilised by Channar, Eastern Range and the Paraburdoo Operations.  
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• Change in borefield nomenclature;

• Revision of monitoring frequencies based on historic data and aquifer performance;

• Addition of trigger values for the Northern borefield; and

• Revision of the site reticulation scheme and water balance.

This operating strategy is intended to satisfy the licensee’s commitments to responsibly manage all 
water resources under its control, and has been compiled according to the DoW Operational policy 5.08 
- Use of operating strategies in the water licensing process (June 2011). 

1.2  Regional Geology 

The Paraburdoo deposits are situated on the southern limb of the Bellary Anticline, along the southern 

margin of the Hamersley Province. Two major ridges run to the northwest and southeast through the 

site, comprising of the Mara Mamba Iron Formation (northern side) and Brockman Iron Formation 

(southern side). A valley exists between these ridges, comprising weathered and eroded Wittenoom and 

Mount Sylvia Formations. To the north of these ranges, lies the Fortescue Group, predominately a flood 

basalt and dolerite intruded formation. To the south of the ranges lies the Ashburton Formation a mix of 

quartzites, ironstone and shales. Figure 3 provides an overview of the geology within the Paraburdoo 

mine site. 

1.3  Hydrology 

Two creeks are located within the project area; Pirraburdoo and Seven Mile Creeks (Figure 1). Ratty 

Springs is located within the Pirraburdoo Creek. While the Ratty Springs area is not used for traditional 

rituals today, pre mining of this region there are examples of this spring system being used for traditional 

ceremonies. Both Seven Mile and Pirraburdoo creeks are part of the greater Turee Creek system and 

are major tributaries to the Ashburton River. 

1.4  Hydrogeology 

Bores within the Paraburdoo mine site draw water from the Brockman Iron Formation, in particular the 

mineralised Dales Gorge and Joffre Members (orebody aquifer) for the purpose of dewatering 4West 

and 4East pits. The orebody aquifer has been cut by numerous dolerite intrusions, causing some degree 

of compartmentalisation.  

The Southern borefield (previously Mine Wellfield) abstracts water from a sequence of alluvials and the 

Wyloo Group. Recharge is primarily via infiltration from rainfall runoff and potentially through adjacent 

alluvial aquifers. The depth to water is approximately 4 to 50 metres below ground level (mbgl) 

(~294 - 343 mRL). Groundwater flow in the Southern borefield is influenced by dewatering in the 4West 

pit. 

The Northern borefield (previously Town Wellfield) located within Paraburdoo township, draws water 

from the flood basalt and Hardey Sandstone of the Fortescue Group for the purpose of potable water 

supply to both the township, airport and mine. The depth to water is approximately 9 to 27 mbgl (~354 – 

401 mRL) and the dominant direction of groundwater flow follows the topography of Bellary Creek (east 

to west). 

The Turee Creek borefield aquifer is hosted within a sequence of alluvial, colluvial and chemical 

sediments, located central to the Turee Creek palaeovalley. It also extends into the underlying fractured 
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basement rocks that are associated with a series of northwest trending shear zones. The depth to water 

is approximately 3 to 50 mbgl (~343 – 389 mRL) and the dominant direction of groundwater flow within 

the palaeovalley follows the topography (east to west). 

2 Scheme Description 

This operating strategy covers abstraction and monitoring of the 4West and 4East dewatering borefields, 

Northern borefield, Southern borefield, and Turee Creek borefield. The Channar borefield is covered by 

the Channar operating strategy (our reference: RTIO-HSE-0235159). 

2.1  4West and 4East dewatering borefields 

The 4West and 4East dewatering borefields comprise of 13 production bores and associated monitoring 

bores. Bore details are summarised in Table 1, Table 2, Table 6 and Table 7 with locations presented in 

Figure 2 and Figure 3. 

Dewatering production from 4West and 4East is integrated into the Greater Paraburdoo Operations 

(GPO) water scheme for use at the Eastern Range and Paraburdoo minesites. In circumstances where 

the volume of water supplied by dewatering exceeds operational demand, excess waters may be 

discharged to Seven Mile Creek (Joes Crossing) (Figure 2). 

2.2  Northern borefield 

The Northern borefield, formerly Town Wellfield, is made up of 11 production bores and associated 

monitoring bores. Bore details are summarised in  
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Table 3 and Table 8 with locations presented in Figure 4.  

Water abstracted from this borefield is used primarily for potable water to supply the Paraburdoo 

township. Excess waters may be integrated into the GPO water scheme for use at the Eastern Range 

and Paraburdoo minesites.  

2.3 Southern borefield  

The Mine Wellfield was commissioned in 1971 and has since been re-named the Southern borefield. 

Three production bores (PMP2, PMP3 and PMP5) exist in this borefield, further details can be found in 

Table 4 and shown in Figure 5. Details of the Southern borefield monitoring bores can be found in Table 

9. 

Water abstracted from this borefield is used primarily for dust suppression for earthworks and 

construction purposes, mineral ore processing and other mining purposes.  

2.4  Turee Creek borefield 

There are currently seven commissioned bores at Turee Creek (PBO01, PBO02, PBO03, PBO04, 

PBO05, PBO06 and PBO07). The nomenclature of bores at Turee Creek borefield have been revised in 

this update of the operating strategy. Bore details are summarised in Table 5 and Table 10, with bore 

locations presented in Figure 6. 

Water abstracted from this borefield is used primarily for dust suppression for earthworks and 

construction purposes, mineral ore processing and other mining purposes.  

 

3   Administrative Requirements  

This section outlines the administrative arrangement necessary to ensure the strategy is adhered to. 

• The licensee will apply the operating strategy outlined in this document from the moment it has 
been formally approved by the DoW. 

• The period of the operating strategy is from the time of the Department’s approval, until the next 
revision.  

• A formal review of this operating strategy will be made in conjunction with the next renewal of 
the Groundwater licences, or as part of a major change to the operating strategy.  Any minor 
changes to the existing operations will be documented as part of the Annual Aquifer Review.  

• An annual report, containing the information as required by the Commission’s publication 
‘Guidelines for Hydrogeology Reports,’ will be submitted by 31 March each year with a triennial 
report submitted every third year.  

• The licensee’s contact for ensuring compliance with the operating strategy will be the 
Registered Mine Manager GPO on (08) 9143 4200.  Additional information is available from the 
GPO Hydrogeologist (08 6213 1940).   
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4   Water Demand and Operating Rules 

4.1  Water Demand 

Dewatering production from 4West and 4East is the primary supply for the Paraburdoo mine site. Any 

dewatering production excess to the Paraburdoo operations demand will be integrated into the GPO 

Water Scheme (GPOWS; water balance provided in Figure 7).  

Current GPOWS demands (Eastern Ranges, Paraburdoo mine / plant, Paraburdoo town) range up to 

37 megalitres per day (ML/d) (average 16.7 ML/d). Where dewatering abstraction does not meet 

demand, additional water will be sourced from the remote supply borefields (Southern, Northern, 

Channar and Turee Creek). The Northern borefield supplies potable water for the Paraburdoo township, 

mine site and airport.  

Excess water not required by the GPOWS is discharged at the licenced discharge point, ‘Joes Crossing’ 

(up to 0.8 GL/annum), or managed on site as required.  

Discharge volumes at Joes Crossing are dependent on instantaneous dewatering production (from 

Paraburdoo) and demand from the various GPOWS users. 

4.2   Operating Commitments    

Water supply requirements for the Paraburdoo operations will be prioritised as follows: 

• Dewatering production from 4West and 4East; 

• Southern borefield;  

• Channar borefield;  

• Turee Creek borefield; and 

• Northern borefield. 

Where pit development / dewatering bore production is less than the Paraburdoo operations demand 

and requirements from the GPOWS, additional water will be sourced from Channar, Southern and Turee 

Creek borefields. Supply from the Northern borefield would be the final contingency supply. Operating 

protocols for all bores (excluding those in the Channar borefield) are presented in Table 12. A summary 

of the operating strategy commitments is presented in Table 13. 

 

5   Monitoring  

The monitoring programme for the Paraburdoo operations is detailed in Table 14. Monitoring data is 

reviewed and evaluated for its validity prior to entry into the licensee’s central database (Envirosys).  All 

data is frequently reviewed to determine the potential for developing trends. Data and interpretation of 

trends are reported to the Department as part of the Annual (and Triennial) Aquifer Review process. 
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6   Environmental Requirements 

The licensee’s aim is to ensure that the water quality does not deteriorate below its current beneficial 

end use.  Potential impacts are assessed through the existing groundwater monitoring programme.  To 

date, aquifer performances have not justified major shifts in abstraction approaches.  

Operations at Paraburdoo commenced prior to the Environmental Protection Act 1986 coming into force. 

As a result, there is no retrospective Ministerial Statement. The site is hence managed under the Part V 

(of the Act) Operating Licence L5272/1972/12. 

 

7   Contingency Plans  

Given that the Paraburdoo operation utilises dewatering to deliberately drawdown water levels to 

facilitate mining, the focus is on optimising the dewatering volume to maximise the local intended impact 

but minimise any regional non-targeted impact. 

Borefield operation will be optimised through the review of monitoring data and management of on-site 

demand. Integration of dewatering production into the GPOWS reduces stress on remote borefields, 

with remote borefields used as contingency supply where dewatering production does not meet 

demand.   

7.1  4West and 4East Dewatering Borefields 

The objective of the 4West and 4East dewatering borefields is to locally deplete the orebody aquifer, 

therefore no triggers have been set for these borefields. 

7.2  Northern Borefield  

As the Northern borefield provides the Paraburdoo Township’s water supply, drawdown impacts need to 

be minimised to ensure sustainable supply, with consideration to minimising impacts to riverine 

vegetation. 

Trigger values have been determined for monitoring bores (Table 8) based on their location in relation to 

(a) production bores and (b) Tableland and Bellary Creek. This is to ensure the aquifer drawdown is 

represented as a whole rather than localised drawdown within the bore and risks to riverine vegetation 

are appropriately monitored. The following tiered trigger approach has been adopted to manage adverse 

impacts to town supply and/or riverine vegetation : 

i. Water levels fall below trigger values on one occasion. 

- Historical data will be re-assessed against current local conditions and the conceptual 

model will be reviewed (modified if necessary) to determine whether the trigger event is 

the effect of borefield activities or caused by changes in the natural environment.   

- Ensure that appropriate monitoring and management attention is given to the event or 

issue.  

- No significant or irreversible environmental impacts foreseen. 
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ii. Water levels fall below trigger values over two successive monitoring rounds. 

- Investigations will be undertaken with increased monitoring focus, with remedial actions 

undertaken where necessary.  

- No significant or irreversible environmental impacts foreseen. 

iii. Water levels fall below trigger values over three successive monitoring rounds and show 

decreasing trend. 

- The impacting production bore/s will be switched off and the DoW will be contacted to 

discuss the issue.  

- The bore/s will not be operational again until corrective measures have been agreed 

and employed.  

 

The licensee is currently reviewing the existing operation of the Northern Borefield to confirm 

sustainable abstraction and the potential for impacts to any identified ground dependant ecosystems 

(GDEs). Trigger guidelines proposed above will likely change following the aforementioned review. Any 

required changes will be re-submitted in future GWOS updates.  

7.3 Southern borefield  

The Southern borefield will only be used as contingency supply where dewatering production does not 

meet demand. With the reduction of abstraction (backup supply only) adoption of trigger and 

contingency programmes are not considered to be necessary. 

7.4 Turee Creek borefield  

The Turee Creek borefield will only be used as contingency supply where dewatering production does 

not meet demand. Historic water level trends suggest that the aquifers are capable of meeting current 

abstraction practices. With the anticipated reduction of abstraction from the borefield, adoption of trigger 

and contingency programmes are not considered a requirement. 

 

8   Water Use Efficiency 

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. Water use efficiency at 
Paraburdoo will be demonstrated by: 

• Use of dewatering production to meet the process water demands at Paraburdoo operations, 
and introduction into the GPOWS to reduce abstraction from remote borefields. 

• Maintenance and condition checks on pipelines, turkeys nests and infrastructure associated with 
transporting and storing water. 

• Maintenance of a site water balance which provides the basis for assessing and quantifying 
potential improvements in water use efficiency and recycling within the operation.  

Table 11 provides estimated abstraction for all Paraburdoo borefields and indicative figures for where 
water is used on site. 
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Tables 

Table 1: 4West production bore completion details  

Bore ID Easting (MGA94) Northing (MGA94) TOC Elevation (mRL)* Cased Depth (mbgl) 

Casing 

Diameter 

(mm) 

Screened 

Interval 

(mbgl) 

Screened Formation 

4W9a 559628 7430817 341.5 120 304 30-113.5 Dales Gorge/FWZ 

4W11 559123.8853 7430786 339.57 149 304 34.8-148.8 Joffre 

WB084W01 558861 7430847 312.03 138 304 36-137.5 Joffre 

WB104W02 558653 7430966 345.46 126 304 45-126 Joffre 

WB114W01 559250 7430862 339.03 121 304 34-118 Dales Gorge 

4W10 558772 7430996 310.33 130 304 24-90 Joffre 

WB134W001 558732 7430845 320.7 110.7 304 104.7-110.7 Joffre 

WB144W002 559279 7430877 339.32 132 304 60-126 Dales Gorge 

WB154W001 558569 7430805 345.11 107 304 50-107 Joffre 

WB154W002 558522 7430929 344.49 118.5 304 70-118.5 Joffre 

 

Table 2: 4East production bore completion details 

Bore ID Easting (MGA94) Northing (MGA94) TOC Elevation (mRL)* Cased Depth (mbgl) 
Casing 

Diameter 
(mm) 

Screened 
Interval 
(mbgl) 

Screened Formation 

WB104E01 561399.92 7430493.00 409.12 220 304 107-220 Dales Gorge (part min) 

WB104E02 561775.33 7430263.87 381.59 210 304 105-210 Dales Gorge 

WB134EMX001 561697.00 7430224.00 367.51 187.3 304 84-181 Joffre (ore) 

WB134EMX003 561763.64 7430048.52 409.92 195 304 150-195 Joffre (ore) 

WB104EX01 560660 7430550 343.66 170 304 42-170 Dales Gorge (BIF) 
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Table 3: Northern borefield production bore completion details 

Bore ID Easting (MGA94) Northing (MGA94) TOC Elevation (mRL)* 
Cased 
Depth 
(mbgl) 

Casing 
Diameter 

(mm) 

Screened 
Interval (mbgl) 

Screened Formation 

PTP1 568603.93 7435041.00 343.31 85.3 150 15.50 – 85.30 Basalt/Dolerite 

PTP2 569092.50 7435388.25 399.00 69 254 36.00 – 69.00 Basalt/Dolerite 

PTP3 569383.72 7435490.98 398.00 49.62 250 17.42 – 47.44 Basalt/Dolerite 

PTP4 570018.00 7435665.90 402.00 77 203 32.00 – 77.00 Basic Volcanics 

PTP5 570590.51 7435776.75 408.00 28.9 200 19.00 – 28.90 Tuff/Volcanics 

PTP6 572182.89 7436096.21 409.00 82.6 200 18.28 – 82.60 Alluvials/Basalt/Dolerite 

PTP7 574070.98 7435660.13 415.00 41.5 200 6.00 – 41.40 Basalt/Dolerite 

PTP8 573146.92 7436604.30 409.00 49.89 250 10.15 – 49.89 Calcrete / Hardey Sandstone 

PTP9 568428.21 7433280.38 397.00 N/A 200 N/A N/A 

PTP10 574159.59 7435080.11 412.00 52 406 46.00 – 52.00 Hardey Sandstone 

PAP1 576777.19 7437270.30 424.00 N/A 200 N/A N/A 
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Table 4: Southern borefield production bore completion details 

Bore ID Easting (MGA94) Northing (MGA94) TOC Elevation (mRL)* Cased Depth (mbgl) 
Casing 

Diameter 
(mm) 

Screened 
Interval 
(mbgl) 

Screened Formation 

PMP2 559595.31 7428932.92 341.12 95.4 250 
10.25-40.28 
46.31-94.94 

Alluvials 
Weeli Wolli Formation 
Beasley River Quartzite 

PMP3 557990.84 7429107.73 343.92 Unknown 

PMP5 558356.93 7429963.59 341.03 156 254 

6-18  
30-72 
72-78  

96-102  
108-156 

Alluvium 

 

Table 5: Turee Creek production bore completion details 

Bore ID Easting (MGA94) Northing (MGA94) TOC Elevation (mRL)* Cased Depth (mbgl) 
Casing 

Diameter 
(mm) 

Screened 
Interval 
(mbgl) 

Screened Formation 

PBO01 583511.60 7419541.37 431.79 193 250 
101.9-111.2 
141.3-150.5 

186.7-193 
Alluvium/Chert 

PBO02 584692.94 7418626.86 415.61 172.4 200 142-172.4 Chert 

PBO03 586019.79 7418203.22 407.85 187.5 250 169.5-187.5 Chert 

PBO04 587226.25 7417340.64 391.06 180 250 156-174 Clay/Chert 

PBO05 588561.82 7416612.39 394.15 186 250 
144-162 
174-186 

Alluvium/Chert 
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PBO06 589445.65 7418676.84 412.12 146 250 128-146 BIF 

PBO07 592043.67 7416977.19 413.24 231 250 
123-129 

213.4-231.4 
Sandstone 

* Installation at elevation – in-pit bore elevation will change during mining 
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Table 6: 4West monitoring bore completion details 

Bore ID 
Easting 
(MGA94) 

Northing 
(MGA94) 

TOC 
Elevation 

(mRL) 

Cased 
Depth 
(mbgl) 

Casing 
Diameter 

(mm) 

Screened 
Interval 
(mbgl) 

Screened 
Formation 

Purpose 

4W4 558479.29 7430956.53 344.02 140 304 20-134  Dewatering influence 

MB104W01 558537.22 7430907.38 344.99 124 50 112-124 Joffre Dewatering progress (below basal dolerite) 

MB104W06 559162.11 7430912.09 340.20 116 50 104-116 Dales Gorge Dewatering progress 

MB114W02 559069.36 7430938.28 330.95 123 50 48-120 Joffre Dewatering progress 

PZ064W015 559633.28 7430812.68 341.44 135 N/A N/A FWZ Dewatering progress and monitoring for 4W9 

PZ064W019 559291.59 7430846.12 340.73 80.5 N/A N/A Dales Gorge Dewatering progress and monitoring for 4W17 

PZ074WES002 559249.95 7430699.37 339.33 102 32 77-96 Joffre Dewatering progress 

PZ074WES004 558571.11 7430771.00 345.79 126 50 92-110 Joffre Infiltration from below Pirraburdoo Creek 

PZ084W006 558714.13 7430593.55 380.91 133 50 121-133 
Yandicoogina 
Shale 

Dewatering impact south of pit 

PZ084W008 559133.53 7430793.07 339.84 96 50 78-96 Joffre Dewatering progress and monitoring for 4W11 

MB114W01 558861.75 7430835.84 320.64 109 50 24-108 Joffre Dewatering progress and monitoring for 4W12 

MB134W002 559182.60 7430977.14 340.25 55 50 76-100 Joffre Dewatering progress 

MB134W004 559066.46 7430750.63 351.46 110 50 74-110 Dales Gorge 
Dewatering progress and monitoring for  
4W11 

MB134W005 559120.83 7430596.87 352.70 100 50 64-100 
Joffre/Dales 
Gorge 

Dewatering progress 

MB154W001 559181.64 7430199.99 380.96 150 50 132-150 Joffre Dewatering influence 

MB154W002 558634.83 7430974.44 320.79 128 50 70-128 Joffre 
Dewatering progress and monitoring for 
WB104W02 

EH104W003 559030.18 7430996.42 310.40 N/A N/A N/A N/A Dewatering progress 

WB144W001 559116.80 7430886.70 330.21 110 304 62-110 Dales Gorge Dewatering progress 
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Table 7: 4East monitoring bore completion details 

Bore ID 
Easting 
(MGA94) 

Northing 
(MGA94) 

TOC 
Elevation 

(mRL)* 

Cased 
Depth 
(mbgl) 

Casing 
Diameter 

(mm) 

Screened 
Interval 
(mbgl) 

Screened 
Formation 

Purpose 

4EPZ43 561413.61 7430461.14 400.74 N/A N/A N/A N/A Dewatering progress and MB for WB104E01 

4EPZ51 560924.04 7430249.60 400.08 N/A N/A N/A N/A Dewatering impact west of 4EMX 

MB114EMX01 561799.82 7430058.75 409.41 154 50 24-154 Joffre (ore) Dewatering progress 4EMX 

MB114EX03 560812.84 7430117.44 409.28 120 50 84-120 Weeli Wolli Dewatering impact west of 4EMX 

PZ084E0001 563388.80 7429628.42 389.64 100 50 88-100 
Jeerinah Fm 
(Andesite) 

Regional water levels - east of 4EMX 

PZ084E0002 562264.32 7429376.97 387.31 180 50 90-180 Weeli Wolli - BIF Regional water levels - southeast of 4EMX 

PZ084E0003 561173.57 7429823.59 424.05 150 50 96-150 Weeli Wolli - BIF Regional water levels - southwest of 4EMX 

PZ084E0006 562314.15 7429696.59 423.12 170 50 124-166 Joffre (ore) Regional water levels - southeast of 4EMX 

R98PA819 562057.00 7430074.65 409.12 N/A N/A N/A N/A Dewatering progress 4EMX 

RC074EST009 562238.70 7430257.99 383.33 N/A N/A N/A N/A Regional water levels - east of 4EMX 

RC074EST028 561932.13 7429906.27 421.69 N/A N/A N/A N/A Dewatering progress 4EMX 

RC074EST068 562267.94 7429732.59 422.36 N/A N/A N/A N/A Regional water levels - southeast of 4EMX 

PZ084E0005 562520.85 7430132.82 451.21 150 50 120-150 BIF Regional water levels - east of 4EMX 

MB114EX01 560847.67 7430817.44 370.36 88 50 22-88 Dales (Ore) Regional water levels- north of 4EX1 

MB114EX02 560769.34 7430952.79 360.27 78 50 22-88 FWZ Regional water levels- north of 4EX1 

PZ054ESW0004 560785.35 7430447.28 314.85 N/A N/A N/A N/A Dewatering progress 4EX1 

PZ084ESW01 560625.17 7430572.13 344.05 180 50 168-180 FWZ  (min) Dewatering progress 4EX1 

PZ084ESW02 560620.70 7430574.70 344.01 72 50 68-72 
Dales Gorge 
(ore) 

Dewatering progress 4EX1 

4EPZ47 561453.79 7430454.91 401.02 N/A N/A N/A N/A Dewatering progress 4EMX 

4ED3 561775.89 7430274.43 381.66 198 254 53.9-191.5 Dales Gorge Dewatering progress 4EMX & MB for WB104E02 

MB13EMX001 561541.53 7430530.70 409.79 148 N/A N/A Dales Gorge Dewatering progress 4EMX 

MB13EMX002 561642.26 7430291.04 367.03 180 N/A N/A 
Whaleback 
/Dales 

Dewatering progress 4EMX 

MB13EMX005 561638.59 7429979.53 408.96 150 N/A N/A 
Whaleback 
/Dales 

Dewatering progress 4EMX 

PZ054E001 561130.86 7430242.32 437.32 N/A N/A N/A N/A Dewatering progress 4EMX 

4ED2 560923.87 7430249.82 408.52 170 254 73.2-126.6 FWZ Dewatering progress 4EMX 



 Paraburdoo Groundwater Operating Strategy 

RTIO-HSE-0017339       Page 17 of 32 

 

Table 8: Northern borefield monitoring bore completion details and trigger levels 

Bore ID 
Easting 

(MGA94) 
Northing 
(MGA94) 

TOC 
Elevation 

(mRL)* 

Cased 
Depth 
(mbgl) 

Casing 
Diameter 

(mm) 

Screened 
Interval 
(mbgl) 

Screened 
Formation 

Trigger 
Level 

(mbgl / 
mRL) 

Purpose 

PTO1B 568560.81 7435082.41 386.61 N/A N/A N/A N/A 20 Monitoring Bore for PTP1 

PTO2 569095.80 7435342.44 390.32 N/A N/A N/A N/A 25 Monitoring Bore for PTP2 

PTO2A 569095.00 7435394.00 391.07 N/A N/A N/A N/A 40 Monitoring Bore for PTP2 

PTO3A 569330.80 7435502.45 391.01 56.1 N/A N/A 
Alluvials/ Dolerite/ 
Basalt 

30 
Monitoring Bore for PTP3 

PTO5A 570547.80 7435981.48 395.97 N/A N/A N/A N/A 25 Monitoring Bore for PTP5 

PTO5 570577.13 7435879.22 395.56 121.92 N/A N/A Shale 25 Monitoring Bore for PTP5 

PTO6 572144.75 7436094.35 400.93 91.44 N/A N/A Basalt/Dolerite 30 Monitoring Bore for PTP6 

PTO6C 572133.59 7435807.42 375.00 N/A N/A N/A N/A 25 Regional bore south PTP6 

PTO8 573180.80 7436589.52 405.47 N/A N/A N/A N/A 25 Monitoring Bore for PTP8 

PTO9 568387.23 7433362.98 386.76 64 152 N/A Basalt/Dolerite 15 Monitoring Bore for PTP9 

PTO10 574180.23 7435098.63 410.55 9 155 27-39 Dolerite/Basalt 20 Monitoring Bore for PTP10 

PZ06SMC0001 565183.27 7432258.16 366.23 N/A N/A N/A N/A 10 Regional monitoring bore - Bellary Creek 

PZ06TLC0001 574326.19 7437358.00 411.72 N/A N/A N/A N/A 10 Regional monitoring bore - Tableland Creek 

PTO7 574077.84 7435376.53 407.02 44.2 76 0-44 Basalt/Dolerite 20 Monitoring Bore for PTP7 
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Table 9: Southern borefield monitoring bore completion details 

Bore ID 
Easting 
(MGA94) 

Northing 
(MGA94) 

TOC 
Elevation 
(mRL)* 

Cased 
Depth 
(mbgl) 

Casing 
Diameter 

(mm) 

Screened 
Interval 
(mbgl) 

Screened 
Formation 

Purpose 

PMP1 560497.98 7430983.22 344.98 N/A N/A N/A N/A Levels in Seven Mile Creek 

PMO1 560486.53 7430965.43 346.23 88.4 127 
18.6-46.3, 
47.8-76.2 

BIF 
Levels in Seven Mile Creek 

PMO2A 559594.03 7428923.97 341.89 95.4 152 

10.4-11.6, 
13.7-21.3, 

25-30.5, 
35.4-45.7, 
48.8-76.2 

Weeli Wolli Fm 

Levels in Seven Mile Creek 

PMO3A 558094.54 7429413.27 343.42 88.4 152 69.5-75.6 
Duck Creek 
Dolomite 

Regional water levels 

PMO4  555931.76 7430772.25 331.05 93 152 
25.3-62.2, 
68.9-69.5, 

76.2-93 

Duck Creek 
Dolomite/BIF Regional water levels 

PMO4A 555904.96 7430480.97 330.55 92.4 200 27.4-76.2 
Duck Creek 
Dolomite 

Levels in Pirraburdoo Creek 

PMO7 560003.48 7429982.59 343.34 63.4 76.2 21.3-63.4 Alluvials/BIF Levels in Seven Mile Creek (downstream) 

PMO8 560354.15 7430582.46 344.23 N/A N/A N/A N/A  

MB154W003 
5587409.9

3 
729968.94 340.75 71 50 41-71 Alluvial Impact from PMP5 
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Table 10: Turee Creek monitoring bore completion details 

Bore ID 
Easting 
(MGA94) 

Northing 
(MGA94) 

TOC 
Elevation 
(mRL)* 

Cased 
Depth 
(mbgl) 

Casing 
Diameter 

(mm) 

Screened 
Interval 
(mbgl) 

Screened 
Formation 

Purpose 

PFO1-1 583581.37 7415733.83 364.97 60 50 54-60 
Fractured 
weathered 
Volcanics 

Regional impact in deeper bedrock 

PFO1-4 583584.67 7415733.34 364.98 9 50 N/A Calcrete Regional impact in shallow alluvials 

PFO2-3 583769.22 7416107.51 367.88 60 50 48-60 
Fractured 
weathered 
Volcanics 

Regional impact in deeper bedrock 

PFO2-4 583762.67 7416100.10 367.45 60 50 14-20 Clay Regional impact in shallow alluvials 

PFO3-3 582219.54 7419703.49 390.65 40 50 28-40 Sandy Clay Regional impact in shallow alluvials 

PFO4-3 587235.75 7417330.34 390.46 42 50 29.5-41.5 Clay Impact from PB004 

PFO5-2 584394.20 7417515.48 403.36 90 50 77.9-89.9 
Clay/Sand 
Gravel 

Regional impact 

PFO5-3 584382.25 7417495.81 403.23 N/A N/A N/A N/A Regional impact 

PFO6-2 584139.97 7416793.46 380.69 N/A N/A N/A N/A Regional impact 

PFO6-3 584120.98 7416780.57 380.57 40 50 27.6-39.6 N/A Regional impact 

PFO7-3 581677.27 7417738.70 363.06 34 50 28-34 Clay Regional impact in shallow alluvials 

PFO8-3 584717.10 7418654.14 417.74 60 50 45.5-57.5 Clay Impact from PB002 

PFO9-3 598096.64 7415365.29 398.69 36 50 30-36 Clay Regional impact in shallow alluvials 

PFO9-4 587724.76 7418813.36 398.57 10 50 4-10 Fluvial gravel Regional impact in shallow alluvials 

PFO10-3 586688.88 7415129.36 373.21 36 50 30-36 Clay Regional impact in shallow alluvials 

PFO10-4 586685.03 7415128.89 373.11 10 50 4-10 Fluvial gravel Regional impact in shallow alluvials 

PFO12-1 588288.76 7416037.67 388.74 106 50 94-106 Chert/Silica Regional impact in deeper bedrock 

PFO12-3 588288.17 7416041.53 389.04 52 50 42-48 Clay Regional impact in shallow alluvials 

PFO13-3 592053.73 7416950.80 412.54 52 50 40-52 Clay Impact from PB007 

PFO14-1 591880.61 7414218.81 384.76 37 50 31-37 Meta Sandstone Regional impact in shallow alluvials 

PFO14-4 591884.30 7414214.67 384.80 10 50 6-10 Alluvials Regional impact in shallow Alluvials 

PFO15-1 590129.86 7416000.97 392.25 106 50 94-106 Chert/Silica Regional impact in deeper bedrock 

PFO15-3 590123.17 7416001.86 392.15 52 50 46-52 Clay Regional impact in shallow alluvials 

PFO16-1 596585.87 7415907.56 412.23 67 50 61-67 Chert Regional impact in deeper bedrock 

PFO16-3 596586.37 7415903.14 411.71 60 50 34-40 Clay Regional impact in shallow alluvials 

COB2 581839.74 7418809.35 374.70 131.5 100 95.7-131.5 Dolomite Regional impact in deeper bedrock 

COB2-3 581738.75 7418760.35 375.13 67 N/A 55-67 N/A Regional impact in deeper bedrock 

PBO06T 590381.78 7417338.15 410.35 N/A N/A N/A N/A Regional impact 
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Table 11: GWL109318 and GWL107413 estimated abstraction and consumption 

Licence Source Tenure – Source Tenure – Use Activity Estimated Volume (GL/a) 

GWL109318 Paraburdoo borefield 

Crown Lease 3116-4585, 
3116/4586, 3116-4591, 3116-
8933 & G E I-213357 – Town 
Wellfield. 

AML70/246, AG70/5 – 
Paraburdoo Operations, AML 
70/4, AG70/4 

Crown Lease 3116-4585, 
3116/4586, 3116-4591 & G E 
I-213357 – Town Wellfield. 

AML70/246, AG70/5 – 
Paraburdoo Operations, AML 
70/4, AG70/4 

Dewatering for mining purposes 5.0 

Dust suppression for earthworks and 
construction purposes 

0.9 

Mineral ore processing & other mining 
purposes 

4.4 

Exploration & geotechnical drilling 
operations 

0.001 

Mining camp purposes 0.1 

Potable water supply purposes 1.1 

GWL107413 Turee Creek borefield Easement L478326 

Easement L478326 

AM70/265, AML70/246, 
AML70/4 

Dust suppression for earthworks and 
construction purposes 

0.9 

Mineral ore processing and other 
mining purposes 

2.3 
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Table 12: Paraburdoo borefield bore operating rules 

Bore ID Pumping Capacity 

(L/s) 

Operating Protocols Bore Abstraction Strategy 

4 West 

4W9a 15 Primary dewatering bore Maximise pumping to affect dewatering  

4W11 20 Primary dewatering bore Maximise pumping to affect dewatering 

WB084W01 (4W12) 26 Primary dewatering bore Maximise pumping to affect dewatering 

WB104W02 (4W15) 17 Primary dewatering bore Maximise pumping to affect dewatering 

WB114W01 (4W17) 19 Primary dewatering bore Maximise pumping to affect dewatering 

4W10 14 Primary dewatering bore Maximise pumping to affect dewatering 

WB134W001 (4W16)  30 Primary dewatering bore Maximise pumping to affect dewatering 

WB144W002 55 Primary dewatering bore Maximise pumping to affect dewatering 

4 East 

WB104E01 (4ED4) 28 Primary dewatering bore Maximise pumping to affect dewatering 

WB104E02 (4ED3) 25 Primary dewatering bore Maximise pumping to affect dewatering 

WB134EMX001 11 Primary dewatering bore Maximise pumping to affect dewatering 

WB134EMX003 25 Primary dewatering bore Maximise pumping to affect dewatering 

WB104EX01 (4ED5) 12 Primary dewatering bore Maximise pumping to affect dewatering 
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Bore ID Pumping Capacity 

(L/s) 

Operating Protocols Bore Abstraction Strategy 

Northern Borefield 

PTP1 18 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP2 21 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP3 15 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP4 19 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP5 21 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP6 22 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP7 15 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP8 28 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP9 14 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PTP10 9 Potable Water Supply to Paraburdoo Town In accordance with town water demand 

PAP1 8 Potable Water Supply to Paraburdoo Airport In accordance with airport water demand 

Southern Borefield 

PMP2 7 Water Supply for GPOWS In accordance with mine water demand 

PMP3 12 Water Supply for GPOWS In accordance with mine water demand 

PMP5 23 Water Supply for GPOWS In accordance with mine water demand 
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Bore ID Pumping Capacity 

(L/s) 

Operating Protocols Bore Abstraction Strategy 

Turee Creek 

PBO01 25 Water Supply for GPOWS In accordance with mine water demand 

PBO02 25 Water Supply for GPOWS In accordance with mine water demand 

PBO03 24 Water Supply for GPOWS In accordance with mine water demand 

PBO04 15 Water Supply for GPOWS In accordance with mine water demand 

PBO05 25 Water Supply for GPOWS In accordance with mine water demand 

PBO06 15 Water Supply for GPOWS In accordance with mine water demand 

PBO07 21 Water Supply for GPOWS In accordance with mine water demand 

* Additional bores will be required during pit development and relevant DoW approvals will be obtained.  
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Table 13: Groundwater operating strategy commitments 

Activity Action Frequency 

Scheme Description Maintain updated schedule of pumping and monitoring bores. Annually 

Administration 

Submit Annual Aquifer Review to DoW by 31 March each year 

Submit Triennial report to the DoW by 31 March every third year (next due 2016) 

This operating strategy will be updated when major changes to the system occur and as existing 

operations are amended and will be formally reviewed prior to the expiry of the GWLs.  

Minor amendments to the existing operations will be documented as part of the Annual / Triennial report 

 

Annually 

Triennially 

As required (minimum 

triennially) 

Annually 

 

Borefield operation Optimise dewatering borefield discharge rates to achieve targeted groundwater levels. Ongoing 

Monitoring 

Ensure compliance with monitoring schedule (Table 14). 

Include monitoring data in the Annual/Triennial Aquifer Review 

Monitoring data will be used to reconcile the Paraburdoo groundwater model 

Annually 

Annually 

Periodically 

Water use efficiency The GPOWS Water Balance will be reviewed annually 

 

Annually 
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Table 14: Paraburdoo groundwater monitoring schedule (samples taken where access allows) 

Bore Type Location Frequency Measurements 

Production 

Paraburdoo borefields (4West, 4East, Northern 
and Southern). 

and 

Turee Creek borefield. 

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 

Paraburdoo (4West and 4East) Monthly Depth to water (access permitting) 

Northern, Southern and Turee Creek 
borefields 

Monthly (adjacent to 
production bores) 

Quarterly (remote) 

Depth to water (access permitting) 

Surface Water Joes Crossing  N/A 

Volume and water quality of water discharged at Joes Crossing will be monitored as 

per the requirements of Operating Licence L5275/1972/12 issued under Part V of the 

Environmental Protection Act 1986. 
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Maps 

 

Figure 1 Paraburdoo operations location map 



 Paraburdoo Groundwater Operating Strategy 

RTIO-HSE-0017339                 Page 27 of 32 

 

Figure 2: 4West production and monitoring bore location 
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Figure 3: 4East production and monitoring bore location 
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Figure 4: Northern borefield production and monitoring bore locations 
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