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2 Climate and Rainfall 
The Pilbara region is characterized by very hot summers, mild winters and low and variable rainfall.  During summer 
and autumn (December to March), average daily temperatures exceed 30oC across the region, with average daily 
maxima exceeding 35oC from October to March (WAAA 2016). Annual climate data and rainfall for the proposal and 
Newman area is shown on Table 1 and Figure 2.1.  
 
Rainfall is episodic and inconsistent falling mostly in summer and autumn (influenced by tropical and monsoonal 
drivers) and lesser during winter and spring. Rainfall varies widely across catchments in the Pilbara. Local rainfall 
data has been collected locally by BHP since 2004 and is available nearby from the Bureau of Meteorology (BoM) 
station at Newman (Station No. 00716) located approximately 90 km southeast of the proposal area since 1998.  
Monthly rainfall and average monthly rainfall are presented below and show back to 2004 the annual average rainfall 
is 420 mm and nearby at BoM Newman station is 327 mm. 
 
Average annual evaporation is approximately 3,200 mm/yr (BoM station at Wittenoom (Station No. 05026)) and 
exceeds rainfall in each month highlighting the importance of high rainfall events to recharge of groundwater. 
 
Table 1 Proposal Area and Newman (BoM) Rainfall (mm) Statistics Summary  

Date Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

BHP Mining Area C Weather Station (WPSA001) 

2004 25 153 61 41 5 0 21 0 1 5 0 29 342 

2005 7 16 31 0 0 4 108 16 0 0 0 15 198 

2006 81 246 179 81 1 3 0 0 0 0 24 43 658 

2007 16 17 18 44 0 0 9 44 0 1 0 8 157 

2008 54 81 51 3 0 0 0 13 1 1 46 112 362 

2009 72 86 113 3 1 10 3 0 0 0 92 6 384 

2010 31 1 5 18 3 1 4 13 0 0 0 0 76 

2011 114 158 29 15 13 16 29 0 0 1 56 14 446 

2012 295 78 117 9 0 5 0 0 0 51 38 110 703 

2013 72 145 35 1 20 83 1 0 0 13 22 203 596 

2014 266 13 20 4 40 3 10 0 0 4 92 17 469 

2015 50 8 208 38 101 0 22 0 0 15 20 3 465 

2016 150 34 30 3 26 90 21 2 40 0 21 39 458 

2017 181 172 92 43 4 0 2 2 43 2 2 24 567 

2018 192 127 22 1 3 79 1 5 0 2 46 10 487 

2019 32 32 52 17 2 20 2 5 41 11 2 9 226 

2020 274 118 3 11 18 0 2 5 0 1 20 61 513 

2021 55 231 44 66 18 16 2 0 0 0 26 4 461 

2022 78 104 55 25 101 1 0 1 78       - 

Avg (2004-2022) 108 96 61 22 19 18 13 5 11 6 28 39 420 

Bureau of Meteorology Newman Weather Station (Station No. 007176) 

Avg (2004-2022) 83 63 45 28 14 17 16 3 7 8 18 83 327 
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During the Cretaceous Period the majority of the Pilbara was subjected to high rainfall, resulting in significant runoff 
and the associated erosional features incised into the Proterozoic bedrock.  

The palaeo Pebble Mouse Creek has eroded back to the west through the shales and dolomites of the West Angela 
shale and Wittenoom Formation dolomite. In a number of places, significant features such as faults and dolerite 
dykes have influenced or reduced the rate of erosion, resulting in waterfall like features or sudden changes in the 
drainage direction.  

The far western section of the palaeochannel appears to be near the head or terminus of the palaeo-drainage system, 
with the impact of the Bruce Almighty dyke and/or Palladium Fault potential resulting in a waterfall feature. At the 
onset of drier climate following the wet Cretaceous period, erosion and incision reduced, and deposition and 
backfilling of the palaeochannel commenced.  

At the same time the backfilling of the valley was occurring, surface water ponding, particularly over the underlying 
dolomitic sequence, resulted in dissolution of carbonates and the development of karstic features. This ultimately 
resulted in a relatively thin zone of high permeability at or below the palaeochannel floor, occasionally extending to 
greater depths when associated with faulting or shear zones. 

The relatively thick sequence of the Vuggy Breccia unit (VB2) within the backfilled palaeochannel may represent the 
accumulation of detrital matter from the adjacent Brockman and Marra Mamba Formation hills, being consolidated 
by the additional clayey material occupying the interstitial space between the fragments. The role of an interpreted 
dolerite dyke to the east of the South Flank valley cutting across the Pebble Mouse Creek may have influenced the 
nature of the Vuggy Breccia. 

Overlying the Vuggy Breccia is a flat lying, wide spread, 10 to 20 m thick calcrete horizon that appears to represent 
a period of elevated water table precipitation of carbonates, perhaps during wetter periods in more recent times. 

The palaeochannel is bound to the north by the South Flank orebodies and to the south by Mt Robinson and 
outcropping/subcropping bedrock to the east of Mt. Robinson.  

3.3.5 Hope Downs system 

The Hope Downs Public Environmental Report/Review document (HDMS, 2000) provides information on the regional 
and site geology. The Hope Downs orebodies are part of the same geological regime as the BHP North Flank and 
South Flank deposits and as such is formed from the weathering and infilling of the Weeli Wolli Anticline.  

The bulk of the mineralisation at Hope North and South is confined to the Mount Newman Member and the base of 
the West Angela Member. The Nammuldi Member is only enriched at Hope South. The MacLeod Member is partially 
mineralised at both deposits.  

Figures 3.11 and 3.12 provide some further context. The Hope North Deposit is adjacent to a significant subcrop of 
Wittenoom Dolomite whereas the Hope South Deposit is not. They also show that thrust faulting has had an impact 
on the local geology. 

3.3.6  Coondewanna Flats system 

Coondewanna Flats is bounded by hills of Marra Mamba and Brockman. Preferential weathering of the Wittenoom 
Formation between these outcrops resulted in a low-lying area which has subsequently been infilled with Tertiary 
deposits of alluvium and colluvium. The geological sequence comprises an upper Tertiary sequence (TD3) of variable 
sand, silt and gravel overlying a middle Tertiary sequence (TD2) of variable calcrete and silty gravel overlying shale 
and dolomite of the Paraburdoo Member (Figure 3.13). The calcrete lies close to the water-table and the extent to 
which it is saturated varies with recharge state (up to a 5 m change in groundwater levels has been observed following 
inundation of the Flats). 

The Wittenoom Dolomite constitutes an upper shaley Bee Gorge Member, Paraburdoo Dolomite Member and 
underlying low-permeability West Angela Member. Regionally, erosion has resulted in karst development in the 
Wittenoom Formation, particularly in dolomite of the Paraburdoo Member, and significantly elevated permeability 
has been intersected (e.g. holes HNPIAC0001 to HNPIAC0004 in Packsaddle West). Final airlift yields in 
production bores HNPIAC0001 and HNPIAC0002 were up to 30 L/s. Weathered / fractured sections of the 
Paraburdoo dolomite are typically succeeded by competent crystalline dolomite of lower permeability. Following 
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an extensive unweathered dolomite adjacent to it. A limited thickness of Tertiary Detritals (maximum 20 to 30 m) 
overlies these lithologies and allows flow from west to east but pinches out to the northeast. In this way, as per the 
effect of the dykes to the west, the effective transmissivity of the regional aquifers is constrained significantly at this 
location. 

3.7 Recharge and discharge mechanisms 

3.7.1 Introduction 

Groundwater discharges as a result of the hydraulic gradient to Weeli Wolli Spring (discharging as throughflow, 
springflow and evapotranspiration). 

Groundwater also discharges through abstraction for both mine dewatering and water supply (Figures 3.20 and 3.21). 

Groundwater recharges via rainfall (which most significantly collects and infiltrates at Coondewanna Flats and Weeli 
Wolli Spring). 

Groundwater is also recharged by spring flow supplementation (RTIO at Weeli Wolli Spring) and injection of surplus 
mine dewatering water at A Deposit MAR (ceased FY19), Juna Downs MAR (commenced FY19) and South Flank 
(commenced FY22). 

3.7.2 Groundwater stresses (natural) 

Rainfall recharge 

Depth to groundwater is significant being greater than 20 m over most of the catchment (Figure 3.22). Approximate 
ranges of pre-development depth to groundwater in the various areas are: 

o North Flank Valley: 80 to 60 m 

o Packsaddle Deposits: 170 to 80 m 

o South Flank Valley: 60 to 40 m 

o South Flank Deposits: 170 to 50 m 

o Coondewanna Flats: 30 to 20 m  

o Hope Downs Valley: 40 to 20 m 

o Weeli Wolli Spring aquifer system: 15 to 0 m 

The depth to groundwater combined with the rainfall pattern and evaporation rates suggests that rainfall recharge is 
generally small in comparison with the aquifer storage over most of the conceptual model domain. However, time 
variant groundwater levels in both the Coondewanna Flats and Weeli Wolli Spring aquifers increase following major 
rainfall events, suggesting that rainfall recharge in these locations may be significant, although infrequent in the case 
of Coondewanna Flats. For example, at Coondewanna Flats, groundwater level observations show only two 
responses to rainfall over the 13 years between 2005 and 2017 (Figure 3.30). The first in the 2005/2006 wet season 
(approximately 1.0 m) and the second in the 2011/2012 wet season (approximately 0.4 m). By contrast, groundwater 
levels in the Weeli Wolli Spring aquifer system responded to rainfall in most wet seasons, suggesting that recharge 
here is much more frequent and occurs at a lower rainfall threshold than at Coondewanna Flats. Close to the Spring, 
water levels are relatively constant, but upstream, between 1998 and 2007 (10 years), GWB0018M recorded water 
level increases of between 1 and 2 m over four wet seasons (Figure 3.31), and more minor responses in the 
remaining years.  

Discharge 

Due to the depth to groundwater being greater than 20 m over the majority of the catchment, the only location for 
natural discharge via evaporation or transpiration is at the Weeli Wolli Creek and Weeli Wolli Spring.  

Weeli Wolli Spring marks the surface and groundwater outflow from the Weeli Wolli Spring catchment (approximately 
1,450 km²) and is approximately coincident with the conceptual model domain - in effect measuring surface water 
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5 Groundwater Investigations 
The long history of groundwater abstraction at MAC has been supported by many targeted hydrogeological 
Investigations. These have come in the form of desktop studies, drilling campaigns, test pumping and hydrodynamic 
trials. By far the greatest amount of information however has come from the monitoring of the groundwater response 
to dewatering across the orebody since 2010.The original conceptual hydrogeological model for MAC was developed 
by Woodward Clyde in 1997 during the Environmental Impact Assessment (EIA) for C Deposit; this model supported 
the original Weeli Wolli Numerical Groundwater Model. Detailed dewatering investigations for C and E Deposits 
started in 2004 and the numerical model was extended to include detail around E Deposit (Aquaterra 2005). Test 
production bores were subsequently drilled in 2005, 2008 and 2010 (Aquaterra 2007 and 2009). 

Numerous small-scale investigations to support local dewatering efforts have been undertaken since 2010 
accompanied by operational monitoring programs and data collection. These investigations have subsequently been 
incorporated into conceptual model updates. A review of the overall conceptual model for MAC was undertaken by 
Parsons Brinckerhoff in 2012 with an additional review of the influence of geological structure on the hydrogeology 
of C and E Deposits was undertaken by Solid Geology in 2013. In 2014 a synthesis of all previous work and 
monitoring data was undertaken by RPS (2015) and RPS (2014). This synthesis was undertaken at two scales: a 
regional assessment (CPH Ecohydrology Study) which included the entire Weeli Wolli catchment (RPS 2015); and 
a detailed review of the mine-hydrogeology of A, C and E Deposits (RPS 2014). 

Surplus studies commenced in 2016/2017 to assess options for the management of surplus water from MAC and 
South Flank dewatering activities. In-line with DWER Strategic policy 2.09: Use of mine dewatering surplus (2013), 
surplus water management operations at Juna Downs and South Flank MAR were developed to enable and 
sustainably manage water at Central Pilbara Hub.  

The combined data from all these activities, but particularly the dewatering response, has been used to build the 
conceptualisation presented in Section 3, which is described in more detail in Appendix C. 
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6  Drilling 
The first production bores in the MAC area were drilled in 1997 and were used for water supply. A series of regional 
monitoring holes were also drilled across the Central Pilbara in 1997, data from which has underpinned the 
conceptual understanding of the broader aquifer system (the GWB/BH series). In 2001 additional regional monitoring 
points were installed along with additional supply bores. 
 
Since then, over 100 production boreholes have been drilled in the area along with 700 observation bores that have 
been used over time to observe the groundwater system. The locations of current MAC and South Flank production 
bores are shown in Figure 3.4 and the borehole logs are provided in Appendix D. 
 
Hydrogeological information has also been gathered from the thousands of resource geology holes that have been 
drilled across the site. The resulting geological models have also informed the hydrogeological conceptual models 
described in Section 5. 
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7 Test Pumping 
Historical test pumping has been completed at production bores for well efficiency and aquifer parameter 
determination, however, given the length of dewatering operation, operational water data and long-term monitoring 
summarised in Section 3 is of greater value in estimating aquifer parameters and response. 
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8  Groundwater Chemistry  
Groundwater quality at CPH is near neutral (pH generally in the range 6-8) and fresh with total dissolved solids 
(TDS) typically less than 600 mg/L.  The small range of TDS suggests that groundwater evolution may be relatively 
limited. 

Piper plot diagrams, completed in the 2022 Triennial Aquifer Review are shown below and show groundwaters are 
generally dominated by bicarbonate with no dominant cation concentration, which is normally associated with 
recharge influenced by the weathering of carbonates. The relative clustering of the water samples suggests that the 
groundwater in the Marra Mamba and Wittenoom Dolomite aquifers are connected.  

 

 

Groundwater chemistry analysis completed in accordance with groundwater licence conditions has included testing 
groundwater for a broad range of chemicals (including pH, TDS, major anions and cations, hydrocarbons, metals, 
and nutrients).  There has not been detected any significant or persistent hydrocarbons or metals.  There has been 
some minor nitrate exceedances, particularly persistent near packsaddle bore HPSA1633M possibly influenced by 
agriculture or nearby infiltration/water treatment facilities. The continued near neutral pH results support acid 
metalliferous drainage (AMD) is not widespread or impacting groundwater.  As per the Mining Area C Mine Closure 
Plan (BHP 2020b), the Northern Flank as a whole is a low sulphur system and is not likely to generate elevated 
acidity. When R Deposit, Packsaddle 2, 5, 6 and the Packsaddle Brockman Detrital are developed, potentially acid 
forming (PAF) volumes may increase from weathered exposures of AMD Class 2 and 3. South Flank is also classed 
as a low sulphur system, with minor amounts of weathered and detrital material designated as AMD class 2 and 3 
mainly in detritals and from Grand Central Pushbacks 1 and 2 and Highway Pushback 6.  

Groundwater chemistry data is presented and summarised within the conceptual model report in Appendix C.  
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Figure 1.1 
CPH Regional Map



Figure 1.2 
CPH Layout



Figure 1.3 
CPH Mine and Lease Layout



Figure 3.1 
Regional Setting and Conceptual 

Model Boundary
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Figure 3.3 
Exploration drilling coverage in 

CPH (2021)



Figure 3.4 
Exploration drilling coverage at 
North and South Flank (2021)
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Figure 3.7 
Geological section through C 

Deposit (top); A, B and R Deposits 
(middle); and the Packsaddle Range 

and Area C Valley (bottom)
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Figure 3.10
South Flank Valley Paleovalley



Figure 3.11
Conceptual geological cross section �t 

Hope Downs South and North deposits 
(Hope Downs, 2000)



Figure 3.12
Conceptual geological cross section �t 

Hope Downs South and North deposits 
(Hope Downs, 2000)



Figure 3.13
Cross section from NW to SE across Juna 
Downs and Coondewanna Flats (BHP 2020a)
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Key structural flow barriers and summary pre-
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Coondewanna Flats
South Flank

Northern orebodies

Southern orebodies

Transition 
zone

Dyke

Dyke?

Dyke

WW
Spring

Calcrete / 
WW Creek

A ���_

A

���_

Figure 3.15
Pre-development groundwater level cross 

section through South Flank
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Pre-development groundwater level cross 

section through North Flank
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Figure 3.17
Central Pilbara aquifer systems



Figure 3.18
Conceptual model of flow across dyke flow 
barriers (through MAC E and C Deposits)



Figure 3.19
Conceptual model of flow barrier between A 

Deposit and Hope Downs aquifer systems



Figure 3.20
Locations of historical abstraction and 

discharge in the Central Pilbara catchment



Figure 3.21
Historical abstraction and discharge rates in 

the catchment + geographic distribution

Estimated
RTIO rates
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