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EXECUTIVE SUMMARY 

A new well field is proposed in the Wallal aquifer of the west Canning Basin to provide a 

water supply of up to 20 gigalitres per year (GL/yr) for the NorthStar magnetite project. 

Existing groundwater users within the west Canning Basin rely on artesian head in the Wallal 

aquifer for pressurised supply and for operation of pressurised irrigation systems. 

Proposed pumping from the NorthStar well field increases in three stages, with total 

extraction of 378 GL over twenty-four years: 

 Stage 1 – 7 GL/yr for four years 

 Stage 2 – 15 GL/yr for ten years 

 Stage 3 – 20 GL/yr for an additional ten years. 

A numerical groundwater model has been constructed and used to predict the potential 

drawdown of artesian pressure beneath the Great Northern Highway at a distance of 

approximately 25 kilometres (km) north of the proposed well field. Pressure change beneath 

the highway in response to the proposed pumping provides a measure of potential impact on 

existing operators. 

Reasonable model calibration is achieved for a range of possible material properties for the 

Wallal aquifer. Pumping simulations based on these values predict maximum drawdown 

beneath Great Northern Highway of 0.4 to 0.8 metres (m) at the end of stage 3 pumping. 

The largest drawdown corresponds to the smallest estimates of aquifer transmissivity and 

storage coefficient, and vice versa. 

Predicted drawdown is sensitive to variation in specific yield of the Wallal aquifer. Sensitivity 

analysis indicates that variation of specific yield over the range 0.3 to 0.1 results in an 

approximate doubling of maximum drawdown at Great Northern highway. The nominal 

assumed value of specific yield for the Wallal aquifer is 0.2. 

Within the time period of the pumping through Stage 3, almost all of the pumped volume of 

378 GL is balanced by decrease of aquifer storage. Approximately 80 to 90 percent of the 

pumping is balanced by decrease in aquifer storage within the onshore extent of the Wallal 

aquifer, and the remaining 10 to 20 percent is balanced by storage decrease in the offshore 

extent of the aquifer. 

Additional modelling results for three supplementary groundwater extraction scenarios are 

presented in Section 7 of the report. Maximum drawdown beneath Great Northern Highway 

is larger in all three scenarios due to the increased amount of total pumping and extraction 

from additional third-party well fields located closer to the highway. 
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1 INTRODUCTION 

Fortescue Metals Group (FMG) propose to develop a new well field in the Wallal aquifer of 

west Canning Basin to supply up to twenty gigalitres per year to the NorthStar magnetite 

project. 

The proposed well field location is shown on the study area map in Figure 1. 

Existing groundwater users in coastal areas of the west Canning Basin depend on artesian 

head in the Walla aquifer for pressurised supply and for operation of pressurised irrigation 

systems. The focussing question for impact assessment is whether the commissioning of the 

proposed well field will adversely affect groundwater pressure and supply to these users. 

The objective of the modelling in this report is to predict the potential drawdown of hydraulic 

head in the Wallal aquifer in response to the proposed groundwater extraction for NorthStar. 

A numerical model is constructed and used to predict regional drawdown, with an emphasis 

on reporting the drawdown beneath Great Northern Highway approximately twenty-five 

kilometres north of the proposed well field. Drawdown at the highway is used as a measure 

of the potential impact on existing operators who have artesian wells located broadly along 

the highway alignment. 

1.1 Previous groundwater modelling 

West Canning Basin Modelling Project 

The west Canning Basin aquifers were modelled previously by Aquaterra (2010) on behalf 

the Western Australian Department of Water. The purpose of that modelling was to assess 

the potential impacts of a number of proposed regional water supply scenarios. NTEC 

(2011) reviewed the model prior to commencing the current work, with a focus on assessing 

its predictive capability and suitability for this project. The review concluded that the existing 

model in its current form is unsuitable for predicting regional drawdown in response to major 

groundwater extraction from the Wallal aquifer, with the perceived weaknesses of the model 

being: 

 Lack of interaction between the Wallal aquifer and the De Grey River alluvial deposits 

as the primary mechanism for east to west groundwater flow in the onshore portion of 

the Wallal Sandstone. 

 Physically improbable hydraulic conductivity distribution in the Wallal aquifer and 

abrupt contrasts in hydraulic conductivity values between onshore and offshore 

conductivity zones. 

 Enforced hydraulic head along the eastern model boundary in the Wallal aquifer that 

is inconsistent with the simulated hydraulic head distribution elsewhere offshore. 

The development of a new model was recommended to address these deficiencies. Further 

analysis suggested that a variable-density flow and mass transport model may be required 

to properly represent the offshore boundary conditions. The previous model assumed that 
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fresh water was present everywhere within the model domain, which neglected the 

additional fluid pressure offshore in the Wallal aquifer created by the weight of sea water 

within the offshore sediments and the overlying sea water column. This effect is substantial 

and may be the reason that small values of hydraulic conductivity were required in the 

offshore part of the Wallal aquifer to calibrate the existing model. This previous approach 

achieved the observed artesian head at the coast by creating artificial resistance to 

groundwater flow from onshore to offshore; however, it is expected that the resulting 

physically improbable distribution of hydraulic conductivity in the Wallal aquifer produces 

similarly unlikely predictions of drawdown distribution in response to the groundwater 

extraction scenarios. 

Lower De Grey Groundwater Model  

The Lower De Grey River groundwater flow model was developed by SKM (2010) on behalf 

of the Western Australian Department of Water. The model has been used to assess a 

number of local groundwater extraction scenarios. It incorporates the De Grey River alluvial 

aquifers at the western margin of the west Canning Basin and extends in depth to the base 

of the Mesozoic strata, which are interpreted locally as Broome Sandstone. The modelling 

was focused on the interaction between shallow groundwater (unconfined alluvial aquifer) 

and surface water in the De Grey River, and potential impacts of additional groundwater 

extraction from the alluvium. Connection between the alluvial aquifers and deeper Canning 

Basin units to the east of the De Grey River is neglected. This is evident as no-flow 

boundaries at the base and along the lateral boundaries of the model layer representing the 

Mesozoic units. 

  



  

 

West Canning Basin Groundwater Model: NorthStar Magnetite Project 7 

 
 

 

Figure 1. Project study area  
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2 DATA ANALYSIS 

2.1 Information sources 

Data sets used for model conceptualisation and construction are summarised in Table 1 and 

Figure 2. 

Table 1. Data sources 

 

2.2 Hydrostratigraphy 

Lithological descriptions of the three main hydrostratigraphic units within the project area are 

paraphrase from Leech (1979) in Table 2. The stratigraphic sequence and hydrologic 

relationships between the units are described in more detail within the conceptual modelling 

section (Section 3). 

Thicknesses and contact elevations of the hydrostratigraphic units are interpreted from a 

combination of information sources, which include onshore and offshore drilling logs, seismic 

records, and digital elevation models of the onshore topography and offshore bathymetry. 

Type of data Description Source

Rainfall
Daily rainfall records for Mandora (station no. 4019), Pardoo 

Station (station no. 4028) and De Grey (station no. 4012)
1
BoM

Completion details and water levels for groundwater wells 

within 200 km (radius) of the central West Canning Basin
2
DoW

Interpreted unit thicknesses and groundwater levels from the 

southwest Canning Basin groundwater investigation
Leech (1979)

Interpreted unit thicknesses from groundwater investigations 

conducted by Moly Mines
Aquaterra (2010)

Interpreted unit thicknesses from groundwater investigations 

conducted by Atlas Iron (Pardoo Station area)
Aquaterra (2010)

Interpreted unit thicknesses and groundwater pumping rate 

for BHP Billiton's Shay Gap groundwater wells
Aquaterra (2010)

Interpreted unit thicknesses from onshore petroleum 

investigations
3
DMP

Interpreted unit thicknesses from offshore petroleum 

investigations
3
DMP

Interpreted (this study) groundwater salinities from offshore 

petroleum investigations
3
DMP

Seismic records
Interpreted (this study) onshore and offshore unit thicknesses 

from new and existing seismic surveys
4
This study

Onshore topography 5
SRTM 500m (resampled SRTM 90m v4.1)

6
CGIAR CSI

Offshore bathymetry Australian bathymetry and Topography June 2005 7
GA

1Bureau of Meteorology (BoM) - Climate Data Online (http://w w w .bom.gov.au/climate/data/)
2Department of Water (DoW) Western Australia - WIN (Water INformation) database

3Department of Mines and Petroleum (DMP) - Western Australian Petroleum and Geothermal Information Management System

 (WAPIMS)
4NorthStar investigation

5Shuttle Radar Topography Mission
6Consultative Group for International Agricultural Research (CGIAR) - Consortium for Spatila Information (CSI)

 (http://w w w .cgiar-csi.org/data/elevation/item/45-srtm-90m-digital-elevation-database-v41)
7Geoscience Australia (GA) (http://w w w .ga.gov.au/meta/ANZCW0703015036.html)

Onshore drilling and 

groundwater records

Offshore drilling 

records
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Surfaces representing the top and bottom elevations of the Wallal Sandstone were 

interpreted from existing seismic surveys for NorthStar, which were provided to NTEC for the 

modelling study. Those surfaces are extended beyond the seismic interpretation using the 

available petroleum well logs as acquired from the Western Australian Petroleum and 

Geothermal Information Management System (WAPIMS). Base elevations of the Jarlemai 

Siltstone and Broome Sandstone are interpolated from the well log data. 

Table 2. Unit lithology descriptions (after Leech 1979) 

 

2.3 Aquifer material properties 

Estimates of aquifer material properties were developed by Leech (1979) based on a 

combination of field testing, laboratory sample analyses and flow calculation methods. A 

summary of Leech’s results is given in Table 3, which also includes estimates of aquifer 

material properties obtained from calibration of the existing west Canning Basin groundwater 

model (Aquaterra 2010). 

Variation of the estimated hydraulic conductivity of the Wallal aquifer in Leech’s work 

appears to reflect partial penetration of the wells used for the pumping tests (non-artesian 

wells) and well flow tests (artesian wells). Estimates of transmissivity were assumed to 

represent only the screened section of the aquifer and hydraulic conductivity was calculated 

by dividing the pumping test derived transmissivity value by the screened interval length. 

Screen lengths for the tested wells were in the range 8 to 42 m compared to the typical unit 

thickness of 100 to 200 m. 

From testing of eighteen wells Leech reported hydraulic conductivity values for the Wallal 

aquifer varying from 1 to 138 m/d with an average value of 18.5 m/d. It is notable that only 

one of these tests was conducted using an observation well. For that test the estimated 

aquifer transmissivity was 2490 m2/d and the storage coefficient was 2.0E-4. Leech 

estimated hydraulic conductivity and specific storativity for the 18-m thick screened section 

of aquifer, giving K = 238 m/d and Ss = 1.1E-3 1/m. Alternatively, if the full aquifer thickness 

of 107 m is used, then the estimates are K = 23 m/d and Ss = 1.9E-6 1/m. 

Based on more recent investigations for Moly Mines and Atlas Iron, Aquaterra (2010, p.33) 

reported estimates of hydraulic conductivity for the Wallal aquifer of 40 to 45 m/d and 20 to 

60 m/d, respectively. 

Unit name Age Lithology

Wallal Sandstone Mid- to late-Jurassic

Poorly consolidated, very coarse to fine-grained sandstone, 

containing traces of carbonaceous sediment, pyrite, black 

heavy minerals and garnets. Conglomerate of angular to 

rounded pebbles is common at the base of the formation.

Jarlemai Siltstone Late-Jurassic

Siltstone and claystone containing thin bands of silt and 

medium-grained to coarse-grained sand; described as 

puggy (sticky).

Broome Sandstone Early-Cretaceous

Poorly consolidated coarse-grained to fine-grained 

sandstone and sand, with cross-bedded and graded-bedded 

outcrops. Generally indurated by ferruginous cement with 

occasional bands of shale and siltstone.
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Table 3. Aquifer material properties from previous studies 

 

2.4 Rainfall 

Regional daily rainfall records are available from the Australian Bureau of Meteorology for 

Mandora (BoM station no. 4019), Pardoo Station (BoM station no. 4028) and De Grey (BoM 

station no. 4012). Mandora has the most complete record of annual rainfalls, shown in 

Figure 3; whereas Pardoo Station and particularly De Grey contain missing years. 

Figure 3 also shows the cumulative deviation from mean (CDM) rainfall, which is calculated 

by cumulatively summing the differences between mean annual rainfall and the annual 

rainfall for each year. Dry periods with below average rainfall are indicated by downward 

sloping sections of the CDM rainfall curve (e.g., 1998 to 1994) and wet periods with above 

average rainfall are indicated by upward sloping sections (e.g., 1996 to 2004). Horizontal 

sections of the CDM curve indicate periods of average rainfall. 

Hydrostratigaphic 

unit

Material 

property
Units Value Method Source

Kh m/d

3–138 (ave. 30)

0.6–24 (ave. 8)

7–80 (ave. 23)

25–100

40–45

20–60

2–200

Aquifer pumping tests

Well flow tests

Flow net analysis

Unknown

Unknown

Grain size analysis

Model calibration

Leech (1979, p.55)

Leech (1979, p.55)

Leech (1979, p.65)

Leech (1979, p.69)

Aquaterra (2010, p.33)

Aquaterra (2010, p.33)

Aquaterra (2010, p.74)

Kv m/d 0.1–10 Model calibration Aquaterra (2010, p.74)

Sy 1
0.284

0.2

Column test

Model calibration

Leech (1979, p.14)

Aquaterra (2010, p.74)

Ss 1/m
1.9E-6

5.0E-7

Aquifer pumping tests

Model calibration

Leech (1979, p.55)

Aquaterra (2010, p.74)

n 1 0.386 Column test Leech (1979, p.14)

Kh m/d 0.001 Model calibration Aquaterra (2010, p.74)

Kv m/d 0.0001 Model calibration Aquaterra (2010, p.74)

Sy 1 0.035 Model calibration Aquaterra (2010, p.74)

Ss 1/m 5.0E-7 Model calibration Aquaterra (2010, p.74)

Kh m/d
2.6–15 (ave. 7.5)

2 – 25

Aquifer pumping tests

Model calibration

Leech (1979, p.41)

Aquaterra (2010, p.74)

Kv m/d 0.2 – 2.5 Model calibration Aquaterra (2010, p.74)

Sy 1
0.1

0.15

Assumed value

Model calibration

Leech (1979, p.44)

Aquaterra (2010, p.74)

Ss 1/m 5.0E-7 Model calibration Aquaterra (2010, p.74)

Kh m/d 10 Model calibration Aquaterra (2010, p.74)

Kv m/d 1 Model calibration Aquaterra (2010, p.74)

Sy 1 0.15 Model calibration Aquaterra (2010, p.74)

Ss 1/m 5.0E-7 Model calibration Aquaterra (2010, p.74)

Wallal

(onshore)

Jarlemai

(onshore)

Broome

(onshore)

Cenozoic

(onshore)

Kh - horizontal hydraulic conductivity; Kv - vertical hydraulic conductivity; Sy - specif ic yield;

Ss - specif ic storativity; n - porosity
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2.5 Groundwater recharge 

Leech (1979, p.42) estimated a maximum recharge rate during intense rainfall events of 

approximately six percent of the rainfall based on water table rises following Cyclones 

Karren and Leo in 1977. A fillable porosity of 0.3 was assumed. This appears to be the only 

estimate of recharge based on measurements. A smaller value of porosity would produce a 

smaller estimate of the groundwater recharge rate, suggesting that six percent is an upper 

limit for these data. It also indicates that a minimum of ninety-four percent of rainfall is lost by 

surface runoff and evapotranspiration. 

The existing west Canning Basin groundwater model (Aquaterra 2010) used an annual 

recharge rate of 8.6 mm/yr in the steady state calibration (2.7 percent of average rainfall) 

and recharge was applied as 2.7 percent of monthly average rainfall for transient 

simulations. 

2.6 Groundwater level 

There is also a paucity of groundwater hydrograph records within the project area. The 

Department of Water’s WIN (Water INformation) database contains only one significant 

groundwater hydrograph in the Wallal aquifer for well WCB 20C, which spans the period 

1975 to 2005. Similarly, there is only one significant groundwater hydrograph in the Broome 

aquifer for well WCB 24B, which spans the period 1978 to 2004. Both hydrographs are 

shown in Figure 4 and the well locations are indicated in Figure 2. 

A water table rise of around two metres is evident in the Broome aquifer at well WCB 24B 

during the five-year period from around 2000 to 2005, but otherwise the water level in the 

well was almost constant for the preceding twenty years. The cause of the recent rise is not 

entirely clear, particularly because it lags the main period of increased rainfall indicated by 

the CDM by four-to-five years (Figure 3). In addition, the preceding period of below average 

rainfall indicated by the CDM is not reflected by a corresponding period of water level decline 

in the well. 

The water level in the Wallal aquifer in well WCB 20C varied by less than two metres during 

the thirty-year period from 1975 to 2005, with evidence of a small rise of less than a metre in 

response to the period of increased rainfall from 1995 to 2005. 

Groundwater hydrographs for four pumping wells and one observation well within the Shay 

Gap well field are documented in the existing west Canning Basin modelling report 

(Aquaterra 2010, Figs.6.10 & 6.11). These data span approximately thirteen years from 1997 

to 2010. Water level measurements within the pumping wells fluctuate in apparent response 

to the pumping but there is no evidence of long-term water level change. The observation 

well shows almost no water level variation and no trend during the thirteen-year record. 
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Figure 2. Spatial distribution of data sources  
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Figure 3. Annual rainfall and cumulative deviation from mean rainfall at Mandora 

 

 

 

Figure 4. Hydrographs for wells WCB-20C (Wallal) and WCB-24B (Broome)  
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3 CONCEPTUAL MODEL 

From deepest to shallowest the study area contains four main hydrostratigraphic units 

(HSUs) consisting of the following: 

 Wallal Sandstone – aquifer of middle to late Jurassic age 

 Jarlemai Siltstone – aquitard of late Jurassic age 

 Broome Sandstone – aquifer of early Cretaceous age 

 Undifferentiated Cenozoic sediments. 

The stacked sequence of Wallal Sandstone, Jarlemai Siltstone and Broome Sandstone is 

interpreted to be a continuous regional layer that is ‘draped’ over basement rock and older 

sedimentary units of the Canning Basin. Vertical displacement within the units is apparent in 

some areas that overlay known deeper faulting within and underlying the basin; however, 

significant lateral discontinuity within the units is not apparent. In this study the units are 

treated as being regionally continuous and uninterrupted by faulting. Cross sections showing 

the interpreted onshore and offshore thicknesses of the units from previous investigations 

are reproduced in Figure 5 to Figure 11. Leech’s description of Cenozoic units includes 

Tertiary laterite and kankar (calcrete), and Quaternary Bossut Formation, tidal-flat deposits, 

sand and alluvium. In this study the Broome Sandstone and Cenozoic units are treated 

collectively as the unconfined aquifer. 

3.1 Extent of hydrostratigraphic units 

Within the study area the Wallal Sandstone, Jarlemai Siltstone and Broome Sandstone 

extend from onshore subcrop areas to offshore submarine outcrops; and generally thicken 

and dip from onshore to offshore. All three units terminate onshore as subcrop areas at the 

base of the Cenozoic sediments at the Cretaceous unconformity (e.g., Figure 7 and Figure 

8). An interpretation of the onshore extent of the units can be seen in Figure 6. 

Offshore from the study area it is inferred that the units outcrop and terminate at a distance 

of 400 to 450 km from the present-day coastline where the seabed dips steeply to a depth of 

more than 5000 m below present sea level (< -5000 m AHD) (Figure 2). At this distance 

offshore the base of the Wallal Sandstone is interpreted to be at an elevation of 

approximately -4200 m AHD. Thus, it is inferred that the three units have submarine 

outcrops at elevations ranging from around -2700 to -4200 m AHD. At these depths the 

additional weight of denser seawater above the outcrop areas exerts fluid pressure ranging 

from approximately 65 to105 m of equivalent freshwater head. 

3.2 Recharge, discharge and flow 

Important regional groundwater resources exist within the Wallal Sandstone (Wallal aquifer) 

and Broome Sandstone (Broome aquifer). The Wallal aquifer is confined by the Jarlemai 

Siltstone in coastal margins of the Canning Basin. Further inland, where Jarlemai Siltstone is 

absent, the Wallal aquifer is unconfined and receives recharge from direct rainfall and 

infiltration of episodic surface flows during intense rainfall events. The water table is reported 

to be as much as 100 m below the land surface beneath the interior of the Great Sandy 
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Desert (Aquaculture Groundwater Resource Atlas). At the coast and offshore within the 

study area, confinement of groundwater by Jarlemai Siltstone produces artesian pressures 

in the Wallal aquifer of up to 50 m freshwater head. Groundwater discharge from the Wallal 

aquifer to the sea mostly likely occurs as diffuse upward leakage through the Jarlemai 

Siltstone over a large offshore area, which possibly extends more than 100 km beneath the 

sea. 

The Broome aquifer is unconfined and recharged by either direct infiltration of rainfall and 

episodic surface water or percolation through overlying Cenozoic sediments. Groundwater 

flows generally from inland areas toward the coast, which is north to northwest in the study 

area; and eventually discharges to the sea along the shoreline and in the near-shore zone, 

including coastal springs and mud flats. Extensive seawater intrusion is naturally present in 

the Broome aquifer along the coast (Fugro 2011). The water table elevation within the 

aquifer slopes gently upward from mean sea level (0 m AHD) at the coast to around 30 m 

AHD at distances of 20 to 30 km inland. The aquifer can be virtually dry near its inland extent 

where the base of the unit is above the local piezometric head. 

3.3 Aquifer connections 

Local connection between the Wallal aquifer and De Grey River alluvium is evident in the 

west Canning Basin where the groundwater flow direction in the Wallal aquifer is westerly 

toward the lower De Grey River and approximately parallel to the coast. This flow pattern 

and hydraulic head distribution is quite different from the northerly flow direction in the 

overlying Broome aquifer, indicating limited connection between the aquifers except in the 

region directly east of the lower De Grey River between Great Northern Highway and the 

coast. Evidence suggesting a connection between the Wallal aquifer and alluvium in this 

area includes: 

 Hydrological interpretation by Davidson (1975) showing Mesozoic sediments 

subcropping beneath the De Grey River alluvium along the mid section of the De 

Grey River palaeochannel (reproduced from Haig (2009) as Figure 12 and Figure 

13)—see Section Line Q2-GK. Mesozoic deposits were interpreted by Davidson as 

possible west Canning Basin sediments corresponding to Broome Sandstone. 

 Hydrogeological interpretation by Leech (1979) along section Line 1 (reproduced as 

Figure 7) which shows thinning and pinching out the Broome Sandstone and 

Jarlemai Siltstone beneath the De Grey River alluvium and subcrop of the Wallal 

Sandstone beneath the alluvium. 

 Geophysical interpretation by Fugro (2011) along airborne electromagnetic Line 

L1001602 (reproduced as Figure 11) showing direct subcrop of the Wallal Sandstone 

beneath the De Grey River palaeochannel and alluvium. 

 Hydraulic head distribution in the Wallal aquifer that is similar to the water table 

elevation within the alluvium in this area (Leech 1979, Figs.12 and 52). 

Offshore extension of the De Grey river alluvial system beyond the present day shoreline 

and incision of the Broome Sandstone and Jarlemai Siltstone by the De Grey palaeoriver 
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channel is unknown. The base of the palaeochannel alluvium onshore extends to a known 

depth of approximately -120 m AHD (Fugro 2011). The channel is interpreted to cross the 

coast around 50 km southwest of the modern river mouth (Figure 11). No offshore 

connection between the Wallal aquifer and Broome Sandstone or Cenozoic units is assumed 

in this study, although it is possible that such a connection exists. 

Potential connection between the Wallal aquifer and deeper aquifers (Poole Sandstone and 

Grant Group) appears to be limited within the study area by underlying aquitards of early 

Triassic and Permian age (Blina Shale and Nookanbah Formation). Near the onshore 

margins of the west Canning Basin the Grant Group can subcrop at the base of the Wallal 

Sandstone as indicated in Figure 7 (cross section Line 5). No connection between the Wallal 

aquifer and deeper aquifers within the Canning Basin is assumed in this study. 

3.4 Synopsis 

The study area contains a three-layered groundwater system consisting of the Wallal 

aquifer, Jarlemai aquitard and Broome aquifer. The hosting units overlie basement rock and 

deeper sedimentary units of the Canning Basin. The Wallal and Broome aquifers have 

natural geological boundaries onshore (south) and offshore (north) from the study area that 

can be appropriately represented in a numerical groundwater model. Geological boundaries 

of the units to the east and west of the study area are undefined or too distant from the study 

area to be included, and therefore artificial model boundaries are required. The Wallal 

aquifer is recharged by direct rainfall in the interior of the Canning Basin, which drives 

regional groundwater flow from the recharge area toward the coast and offshore Canning 

Basin. In coastal areas and offshore, the Wallal aquifer is confined by the Jarlemai aquitard. 

This produces artesian pressure at the coast and forces offshore groundwater discharge to 

the sea by diffuse upward leakage through the Jarlemai aquitard and overlying Broome 

Sandstone and Cenozoic units. The Broome aquifer is recharged by direct rainfall over its 

onshore extent, has constant zero head at the coast, contains mainly seawater offshore, and 

has extensive natural seawater intrusion. 

The zone of subsea discharge possibly extends a hundred kilometres or more from the 

coast. The weight of seawater above the submarine outcrop of the Wallal Sandstone is 

equivalent to a freshwater head of around 80 to 100 m AHD, and therefore no terrestrial 

groundwater discharge at the subcrop boundary is anticipated. It is expected that the 

position of the seawater interface offshore within the Wallal aquifer, and the zone of upward 

leakage through the Jarlemai aquitard, depend on the vertical resistance of the aquitard and 

the hydraulic head in the overlying unit. The extra weight of sea water above fresher 

groundwater in the offshore portion of the Wallal aquifer acts to increase the hydraulic head 

in the onshore portion and therefore a variable-density flow and mass transport model is 

necessary to simulate this process. 

At the western margin of the west Canning Basin the Broome Sandstone and Jarlemai 

Siltstone pinch out and the Wallal Sandstone subcrops directly beneath the De Grey River 

alluvium. Direct connection between the Wallal Sandstone and alluvium and the upward 

head gradient between the Wallal aquifer and unconfined groundwater drives local upward 

discharge from the Wallal aquifer to the alluvium. The presence of this onshore discharge 
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zone is evident as shore-parallel, east-west groundwater flow in the Wallal aquifer toward 

the lower De grey River. A corresponding connection between the Wallal aquifer and 

unconfined aquifer is required in the numerical groundwater model to simulate this 

behaviour. 

 

 

Figure 5. Longshore cross section of the Canning Basin (Horstman et al. in: JNOC 1988, Fig.6) 
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Figure 6. Interpreted onshore coverage of the hydrostratigraphic units: a. unit subcrop areas and 
b. cross section (

1
Aquaculture Groundwater Resource Atlas) 

  

                                                
1
 http://www.fish.wa.gov.au/docs/pub/AquaGroundWater/west_kimberley_coast.php 

a.

b.
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Figure 7. Onshore geological cross sections (Haig 2009, Fig.34: after Leech 1979) 
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Figure 8. Onshore hydrogeological cross section (Roach 2010, Fig.2.10)  
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Figure 9. NW-SE offshore cross section (JNOC 1988, Fig.14) 
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Figure 10. SW-NE offshore cross section (JNOC 1988, Fig.14) 
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Figure 11. Onshore cross section (Fugro 2011, Fig.4-24, p.57) 
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Figure 12. De Grey River cross section lines (Haig 2009, Fig.29) 
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Figure 13. De Grey River cross sections (Haig 2009, Fig.30) 
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4 NUMERICAL MODEL 

4.1 Choice of modelling software 

The numerical groundwater model described in this report is developed using 2Leapfrog 

Hydro 1.4 and FEFLOW 6.0 (DHI-WASY GmbH. 2010). The three-dimensional 

hydrostratigaphic model built in Leapfrog is exported to the FEFLOW finite element mesh as 

model layers. 

During model development, separate variable-density flow and mass transport models were 

constructed concurrently using the FEFLOW 6.0 and SEAWAT-2000 (Langevin et al. 2003) 

codes. Two models were developed to provide a means for cross checking results and to 

investigate the relative strengths and weaknesses of the codes for the particular conceptual 

model in this study. The FEFLOW model is ultimately adopted for the predictive simulations 

in this report because it is better able to simulate regions where aquifers are dry. The 

SEAWAT-2000 model produces too many dry cells in onshore regions where the aquifers 

subcrop and terminate, resulting in underestimates of groundwater recharge and aquifer 

storage in the Wallal aquifer directly south of the proposed Northstar well field. The FEFLOW 

model employs a movable free surface and the 3BASD method to allow model elements to 

dry and re-wet; however, this technique introduces other challenges with respect to tracking 

the model water balance within hydrostratigraphic units. 

4.2 Leapfrog hydrostratigraphic model 

The Leapfrog Hydro model consists of four hydrostratigraphic units that represent the Wallal 

Sandstone, Jarlemai Siltstone, Broome Sandstone and undifferentiated Cenozoic units. The 

model covers a very large area, more than 200,000 km2, and represents a broad regional 

interpretation of the hydrostratigraphy without local detail. 

Each stratigraphic unit in the Leapfrog model is represented as a three-dimensional object 

that can be continuous or discontinuous within the model domain. The unit thicknesses and 

contact surfaces are based on interpolation and extrapolation of the data sources described 

in Section 2 as well as the stratigraphic relationships between the units that are assigned in 

Leapfrog. Contour maps of the resulting top and bottom surface elevations of the 

stratigraphic units and their thicknesses are shown in Figure 14 and Figure 15. From 

Leapfrog each stratigraphic unit is exported to the FEFLOW finite element mesh, which was 

developed separately. 

The result is given in Figure 16, which shows a map of the model domain and the unit 

subcrop areas; and in Figure 17, which shows a cross section through the hydrostratigraphic 

model. The onshore extent of the model domain is 61,600 km2 and the offshore extent is 

139,300 km2. 

                                                
2
 http://www.leapfroghydro.com/hydro/ 

3
 Best Adaptation to Stratigraphic Data 



  

 

West Canning Basin Groundwater Model: NorthStar Magnetite Project 27 

 
 

4.3 FEFLOW model 

The model simulates three-dimensional, saturated, variable-density flow and mass transport, 

with the uppermost model slice specified as a movable free surface. Fresh water is assigned 

salinity 0 mg/L total dissolved solids (TDS) and sea water is assigned salinity 35,000 mg/L 

TDS. The solute density ratio is set equal to 0.025 such that the density of fresh water is 

1000 kg/m3 and the density of seawater is 1025 kg/m3. Global values of longitudinal 

dispersivity (100 m) and transverse dispersivity (10 m) are assigned for the entire model 

domain; however, they are much smaller than the element dimensions and it follows that 

dispersion is controlled by the mesh resolution rather than the assigned dispersivity values. 

4.4 Model domain and finite element mesh 

Table 4 indicates the relationship between the hydrostratigraphic units and the FEFLOW 

model layers and slices. The model has eleven layers that each has approximately 35,017 

elements; giving 385,187 total elements. The average element area is 5.7 km2. Table 4 

indicates the minimum number of model layers used to represent each hydrostratigraphic 

unit. Although the total number of model layers remains constant during a simulation, the 

individual slice elevations are adjusted at each time step if the water table (uppermost slice) 

elevation falls below a stratigraphic boundary. The number of model layers representing a 

particular unit can therefore increase during the simulation but it can never decrease relative 

to the initial configuration in Table 4. 

The uppermost model layer 1 is a ‘dummy’ layer that is used to represent the ocean over the 

offshore extent of the model. Over the onshore extent of the model, layer 1 is assigned the 

same material properties as the Cenozoic units. 

Table 4. Model layers 

 

4.5 Material properties regions 

The model contains five material property regions that represent the five hydrostratigraphic 

units in Table 4. An additional two property regions are defined in the southwest corner of 

the model domain to represent the De Grey River alluvium, which consists of the older 

palaeochannel alluvium and overlying recent alluvium (Fugro 2011). In this region of the 

model the Jarlemai Siltstone and Broome Sandstone are absent and there is direct 

connection between the Wallal Sandstone and the alluvium. The material property 

distributions for each model layer can be seen in Figure 18. 

Hydrostratographic unit Initial model layer configuration

Wallal Sandstone 11–9

Jarlemai Siltstone 8–6

Broome Sandstone 5–3

Cenozoic units 2

Ocean 1
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Each stratigraphic unit and property region is assigned uniform values for hydraulic 

conductivity, specific storativity and specific yield. Although this situation is improbable for 

such large regional units there is nonetheless a lack of data from which to infer regional 

spatial variation across the study area. 

The value of hydraulic conductivity within the alluvium zones is adjusted during model 

calibration as a way to control the degree of connection between the Wallal aquifer, the 

alluvial aquifer and hydraulic head at the coast. Nevertheless, because the thickness of the 

alluvium is not accurately represented in the model it follows that the resulting values of 

hydraulic conductivity are also not representative. 

4.6 Boundary conditions 

The model has three lateral boundary conditions around the perimeter of the domain and 

additional boundary conditions assigned to the offshore extent of slice 1 (sea surface) and 

slice 2 (sea bed) as shown in Figure 16. A brief description of each is given below. 

Southern lateral boundary 

The southern extent of the model is represented as a no flow boundary that coincides with 

the known physical limit of the Wallal aquifer within the model region. Along the western 

portion of the boundary the Canning Basin pinches out against bed rock of the Pilbara block 

(Figure 7) and along the eastern portion of the boundary the Wallal Sandstone subcrops and 

terminates at the base of the Cretaceous unconformity (Figure 8). 

Eastern lateral boundary 

The model domain is terminated at the eastern boundary along an artificial north-south line 

that is approximately parallel to the subcrop alignments of the Broome Sandstone, Jarlemai 

Siltstone and Wallal Sandstone (Figure 6). A freshwater, constant head boundary condition 

is assigned in the three layers representing the Wallal aquifer, with the prescribed head 

value varying linearly along the boundary from 50 m AHD at the northern end to 100 m AHD 

near the southern end. No flow boundary conditions are assigned in the Jarlemai Siltstone 

and Broome Sandstone. 

Western and northern lateral boundaries 

Both boundaries are aligned with assumed offshore ‘streamlines’ within the Wallal aquifer 

and are represented as no-flow boundary conditions from physical symmetry. The 

boundaries are approximately normal to the present-day shoreline and extend to the inferred 

area of submarine outcrop on the sea bed (Figure 16). This representation assumes that 

regional groundwater drainage in the Wallal aquifer is from onshore to offshore and more or 

less normal to the coast. 

No flow boundaries conditions are also assigned to the overlying units. Onshore, 

groundwater in the Broome Sandstone and Cenozoic sediments drains toward the sea 

approximately normal to the shoreline. Offshore, these units contain predominantly sea 

water and lateral groundwater flow is assumed to be small and of negligible importance to 

flow in the underlying Wallal aquifer. 
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Offshore boundaries 

Offshore from the coast the uppermost model slice (slice 1) represents the sea surface and 

is assigned constant hydraulic head 0 m AHD and constant concentration 35,000 mg/L TDS. 

Slice 2 directly below it represents the sea bed and is also assigned constant concentration 

35,000 mg/L TDS but no head condition is applied. This ensures that sea water is present 

everywhere offshore between the sea bed and sea surface, and that hydraulic head on the 

sea bed is equal to the weight of sea water in the overlying water column. 

4.7 Groundwater recharge 

Uniform groundwater recharge is applied as a fraction of annual rainfall in two zones that 

correspond to the onshore extent of the Broome aquifer and the unconfined extent of the 

Wallal aquifer. No recharge is applied over the subcrop area of the Jarlemai Siltstone 

located between the two recharge areas. The recharge zones are shown in Figure 19. 

For the pre-development simulations a constant groundwater recharge rate of 7 mm/yr is 

used. For the transient post-development and predictive simulations the recharge rate is 

specified as 2.7 percent of the annual rainfall, which results in annual recharge rates 

between 2 and 25 mm/yr over a seventy-two year period from 1970 to 2041. The data are 

graphed in Figure 20. 

Rainfall and recharge rates from 1970 to 2011 are based on the mean of annual rainfall at 

Mandora (BoM Station No. 4019) and Pardoo Station (BoM Station No. 4028). The 

predictive simulations require a future rainfall sequence to generate the future recharge 

sequence. The 30-year rainfall record from 1982 to 2011 was used to generate a future 

rainfall sequence for 2012 to 2041 with similar statistical measures. A summary of the 

historical rainfall and the future rainfall sequences is given in Table 5. 

Table 5. Rainfall statistics 

 

 

  

Measure [mm/yr]
Historical rainfall

1970–2011

Historical rainfall

1982–2011

Future rainfall

2012–2041

Mean 402 413 414

Standard deviation 192 199 196

Rainfall maximum 915 915 817

Rainfall minimum 90 90 70

Historical rainfall is based on the average of the rainfall at the Mandora and Pardoo Station rain gauges
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Figure 14. Interpolated upper and lower surfaces of hydrostratigraphic units  
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Figure 15. Interpolated thicknesses of hydrostratigraphic units  
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Figure 16. FEFLOW model domain and boundary conditions  
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Figure 17. Cross section A-A’ (see Figure 16)  
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Figure 18. Aquifer material property regions  
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Figure 19. Groundwater recharge areas  
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Figure 20. Groundwater recharge derived from annual rainfall 
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5 MODEL CALIBRATION 

5.1 Pre-development simulations 

Pre-development simulations are required to provide suitable initial conditions for the 

predictive simulations. Each pre-development simulation is run for approximately 10,000 

years to achieve a quasi-steady state for flow and mass transport. For a prescribed value of 

the groundwater recharge rate, the pre-development calibration result is controlled by the 

values of hydraulic conductivity assigned to the hydrostratigraphic units. 

Thirty-six wells with discontinuous and non-synchronous water level records are available as 

calibration targets in the Wallal aquifer. The well locations are concentrated within the 

southwest corner of the model domain as can be seen in Figure 21. No additional 

groundwater levels were identified in the Wallal aquifer, including the entire eastern part of 

the model. 

Water levels in around 150 wells in the Broome aquifer are also selected as calibration 

guides for the pre-development simulations. The locations are shown in Figure 22. Very few 

wells in the Broome aquifer have water level measurements that are reduced to Australian 

Height Datum (AHD). A set of approximate water levels in metres AHD are generated by 

subtracting the recorded water table depths from estimates of the local ground surface 

elevation extracted from the SRTM digital elevation model (Table 1). It is expected that these 

estimates contain unknown errors of order of magnitude 1–10 m or greater, and therefore 

they are used only as a guide for simulating sensible water levels in the Broome aquifer. 

5.2 Calibration results 

Reasonable pre-development model calibrations are possible for a range of assumed 

hydraulic conductivity values for the Wallal aquifer. Table 6 summarises results obtained for 

a groundwater recharge rate of 7 mm/yr and values of hydraulic conductivity for the Wallal 

aquifer within the range 40 to 80 m/d. The corresponding calibration plots are presented in 

Figure 23 and Figure 24. 

The calibration parameter sets in Table 6 correspond to the following three cases for the 

Wallal aquifer: 

 Calibration 1 – hydraulic conductivity, specific yield and specific storativity values 

based on the review of previous estimates in Table 3 

 Calibration 2 – as for set 1 but with a larger value for hydraulic conductivity 

 Calibration 3 – hydraulic conductivity and specific storativity based on the aquifer 

pumping test results for NorthStar. 

Values of the storage coefficients do not affect the pre-development calibrations, which are 

run to quasi-steady states; however, they are important in the predictive simulations. 

Observed hydraulic head in the Wallal aquifer in the calibration wells varies in value from a 

maximum of approximately 55 m AHD in the southeast wells to approximately 10 m AHD in 
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the western wells, which lay within the area of connection between the Wallal aquifer and the 

alluvium. This range of values reflects the onshore gradient of hydraulic head, which slopes 

from east to west toward the lower De Grey River. Simulated hydraulic head in the eastern 

wells is controlled mainly by the vertical hydraulic conductivity of the Jarlemai aquitard, with 

a value of order of magnitude 1E-5 [1/m] indicated by the modelling. The aquitard acts to 

resists groundwater discharge at the coast and causes build-up of pressure onshore within 

the Wallal aquifer. Without this controlling effect the head in the Wallal aquifer approaches 

zero at the coast and the onshore head is much lower than observed. 

Table 6. Material properties for the pre-development calibrations 

 

Hydraulic head of approximately 10 m AHD in the western wells is controlled by the value of 

hydraulic head in the overlying alluvium, which depends on the hydraulic conductivity of the 

alluvium and the groundwater recharge rate. The ratio of recharge to hydraulic conductivity 

in the unconfined aquifer determines the slope of the water table, which rises from 0 m AHD 

along the coastline and lower reach of the De Grey River to around 10 m at the well 

locations. For the prescribed pre-development recharge rate of 7 mm/yr a value of hydraulic 

conductivity for the Broome aquifer of around 15 m/d provides a reasonable calibration 

match. Increasing or decreasing the recharge rate requires a proportional adjustment of the 

hydraulic conductivity for the Broome aquifer to maintain a reasonable model calibration. 

The Wallal and Broome aquifers are assumed to be anisotropic. In the absence of real data 

the vertical hydraulic conductivity is assigned as one tenth of the horizontal conductivity. 

Regional patterns of hydraulic head in the Wallal and Broome aquifers depend on horizontal 

flow and are not expected to be sensitive to the anisotropy ratio. Lateral flow within the 

Jarlemai aquitard is negligible compared to the other units and is not an important 

consideration for model calibration. The horizontal hydraulic conductivity of the Jarlemai 

aquitard is therefore set equal to 1.0E-3 m/d and is not varied. 

Kh [m/d] Kv [m/d] Sy [1] Ss [1/m]

1

Cenozoic

Broome

Jarlemai

Wallal

15

15

1E-3

40

1.5

1.5

1.0E-5

4

0.1

0.1

n.a.

0.2

n.a.

n.a.

1.0E-6

3.0E-6

2

Cenozoic

Broome

Jarlemai

Wallal

15

15

1E-3

60

1.5

1.5

1.3E-5

6

0.1

0.1

n.a.

0.2

n.a.

n.a.

1.0E-6

3.0E-6

3

Cenozoic

Broome

Jarlemai

Wallal

15

15

1E-3

80

1.5

1.5

2.5E-5

8

0.1

0.1

n.a.

0.2

n.a.

n.a.

1.0E-6

1.7E-4

Calibration

case

Kh - horizontal hydraulic conductivity; Kv - vertical hydraulic conductivity; Sy - specif ic yield;

Ss - specif ic storativity

Material property
Unit
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5.3 Offshore head and salinity distributions in the Wallal aquifer 

Figure 25 depicts the simulated distributions of equivalent freshwater head and groundwater 

salinity in the Wallal aquifer for each of the calibration cases. It can be seen that the 

groundwater discharge zone of the Wallal aquifer extends up to one hundred kilometres 

offshore from the coast. 

Simulated mass dispersion in the Wallal aquifer reflects the local mesh resolution, which has 

length dimensions much larger than the assigned dispersivity values (see Section 4.3). 

There is insufficient observation data to form a picture of the real salinity distribution 

offshore. Analysis of petroleum well information provided by FMG indicates that groundwater 

salinity in the Wallal aquifer at the coast is 500 to 1000 mg/L (fresh) in the Chirup 1 well. In 

the offshore extent of the aquifer, groundwater salinity is estimated to be 10,000 to 

40,000 mg/L (brackish to saline) in the Keraudren 1 and Phoenix 1 wells, which are located 

approximately 120 km and 150 km from the coast, respectively. The simulated salinity 

distribution appears to be at least qualitatively consistent with these observations. 

East-to-west groundwater flow toward the lower De Grey River is indicated by the onshore 

gradient of hydraulic head. Groundwater flow from offshore in the Wallal aquifer toward this 

discharge zone also occurs in the model simulations. 
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Figure 21. Wallal aquifer calibration targets  
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Figure 22. Broome aquifer calibration guides  
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a. Calibration 1 (Wallal Kh = 40 m/d) 

 
 
 

b. Calibration 2 (Wallal Kh = 60 m/d) 

 
 

c. Calibration 3 (Wallal Kh = 80 m/d) 

 
 

 

Figure 23. Pre-development calibration plots for the Wallal aquifer 
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a. Calibration 1 (Wallal Kh = 40 m/d) 

 
 
 

b. Calibration 2 (Wallal Kh = 60 m/d) 

 
 

c. Calibration 3 (Wallal Kh = 80 m/d) 

 
 

 

Figure 24. Pre-development calibration plots for the Broome aquifer 
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Figure 25. Predicted freshwater head and salinity distribution in the Wallal aquifer  
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6 PREDICTIVE SIMULATIONS 

The result of each transient simulation depends on the parameter set and initial conditions 

adopted from the pre-development simulations, the assumed values of the aquifer storage 

coefficients, and the prescribed rate of groundwater pumping from the NorthStar well field. 

Transient variation of groundwater level also results from annual variation of the 

groundwater recharge rate, which is specified as a fixed fraction of the annual rainfall 

(Section 4.7). Drawdown of hydraulic head caused by the simulated pumping is determined 

by running identical simulations with and without pumping and then computing drawdown as 

the difference in the head distributions at times of interest. Because groundwater recharge is 

the same in both simulations–there are no feedback processes for recharge in the model–

the difference in the head distributions is attributable to the pumping. 

6.1 Proposed NorthStar pumping 

The proposed groundwater extraction schedule for the NorthStar well field is indicated in 

Table 7. It is proposed to increase the pumping in three stages from 7 GL/yr for four years 

using four wells (stage 1) to 15 GL/yr for an additional ten years using eight wells (stage 2) 

to 20 GL/yr for another ten years using twelve wells (stage 3). Pumping rates of 50 to 60 L/s 

per well are feasible based on previous pumping tests. A well spacing of approximately three 

kilometres is proposed with the wells oriented along an east-west line that is approximately 

parallel to the coastline and around twenty-five kilometres south of the Great Northern 

Highway (Figure 1). Wells at the western end would be developed first with eastward 

expansion at each stage. 

Table 7. NorthStar groundwater extraction schedule 

 

6.2 Analytical Theis drawdown estimates 

Context for the predictive simulations is provided by applying an analytical model to estimate 

the potential drawdown of hydraulic head in response to the proposed NorthStar extraction. 

Theis’s (1935) solution for radial flow to a well is commonly used for this purpose. The 

solution applies to a single well with infinitesimally small diameter pumping at a constant rate 

from a homogeneous, confined aquifer with infinite lateral extent. A radial-symmetric 

drawdown ‘cone’ is predicted that grows larger with time at a rate that is dependent on the 

aquifer transmissivity and storage coefficient, and on the pumping rate. Because no 

recharge is assumed, all of the pumping must come from aquifer storage and therefore an 

equilibrium response to the pumping is never reached. Instead the drawdown cone 

continues to grow in time but at an ever decreasing rate. The effect of pumping from multiple 

wells is determined by adding their effects according to the principle of superposition. 

Pumping

stage
Years

Total pumping 

rate [GL/yr]

Number of 

wells

Well pumping 

rate [L/s]

Stage volume 

[GL]

Cumulative 

volume [GL]

1 4 7 4 55 28 28

2 10 15 8 59 150 178

3 10 20 12 53 200 378
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Table 8. Inputs for the Theis analysis 

 

Drawdown in response to the proposed NorthStar pumping is estimated by solving the Theis 

(1935) well solution and superimposing the effects of multiple wells, which commence 

pumping at different times. In this scenario twelve wells are spaced at three kilometre 

intervals along an east-west line and the pumping is scheduled according to Table 7. Four 

wells commence pumping at 55 L/s each at zero years (total pumping 7 GL/yr); an additional 

four wells commence pumping at 63 L/s each after four years (total pumping 15 GL/yr); and 

the final four wells commence pumping at 40 L/s each after fourteen years (total pumping 

20 GL/yr). The inputs used to represent the calibration parameter sets from Table 6 are 

given in Table 8. 

Results are summarised in Table 9, which lists the maximum predicted drawdown at a 

distance of 25 km north of the well field. Contour plots of the drawdown distributions are also 

given in Figure 27 to Figure 29. Maximum drawdown at the end of stage 3 pumping is 

approximately 5 m for calibration 1 and the minimum drawdown is approximately 1 m for 

calibration 3. The smaller drawdown obtained for calibration 3 is the result of larger 

transmissivity and storage in the Wallal aquifer. 

Table 9. Theis drawdown results 

 

Calibration case Material property Value [unit]

1

Aquifer thickness (B)

Hydraulic conductivity (K)

Transmissivity (K x B)

Specific storativity (Ss)

Storage coefficient (Ss x B)

150 [m]

40 [m/d]

6000 [m2/d]

3E-6 [1/m]

4.5E-4

2

Aquifer thickness (B)

Hydraulic conductivity (K)

Transmissivity (K x B)

Specific storativity (Ss)

Storage coefficient (Ss x B)

150 [m]

60 [m/d]

9000 [m2/d]

3E-6 [1/m]

4.5E-4

3

Aquifer thickness (B)

Hydraulic conductivity (K)

Transmissivity (K x B)

Specific storativity (Ss)

Storage coefficient (Ss x B)

150 [m]

80 [m/d]

12000 [m2/d]

1.7E-4 [1/m]

2.6E-2

Calibration

case

End of pumping

stage

Time

[yrs]

Maxium drawdown

at 25 km [m]

Report figure 

reference

1

1

2

3

4

14

24

1.4

3.6

5.1

Fig.27

2

1

2

3

4

14

24

1.0

2.4

3.4

Fig.28

3

1

2

3

4

14

24

0.2

0.7

1.1

Fig.29
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6.3 Model-predicted drawdown estimates 

Predictions of drawdown in the Wallal aquifer obtained from the FEFLOW numerical model 

are compared with the Theis drawdown calculations in Table 10. Plots of head drawdown at 

the end of each stage of pumping are presented in Figure 30 to Figure 38, and observed 

and simulated hydrographs for well WCB 20C are shown in Figure 26. 

For the range of material properties considered in the calibration cases the maximum 

predicted drawdown beneath Great Northern Highway at the end of stage 3 pumping varies 

from 0.36 to 0.8 m. The difference between drawdown estimates from the model simulations 

and the Theis analysis, which are larger, is mainly attributable to the absence of unconfined 

storage in the Theis analysis and lack of recharge. Specifically, the unconfined area of the 

Wallal aquifer releases much more water from storage per unit of drawdown compared to 

the same area of confined aquifer. In calibrations 1 and 2 the specific yield in the Wallal 

aquifer is larger than the confined storage coefficient by a factor of around five hundred, and 

there is roughly six-fold difference in the drawdown predictions from the model simulations 

and Theis analysis. In calibration 3, the specific yield is only about ten times larger than the 

confined storage coefficient and the difference between the drawdown predictions is 

correspondingly smaller. 

Table 10. Modelled drawdown results 

 

6.4 Water balance 

The total volume of groundwater extracted during the pumping simulations is 378 GL, which 

must be balance by one or a combination of the following water balance changes: 

 Increase of groundwater recharge induced by the pumping 

 Decrease of groundwater discharge at the aquifer boundaries 

 Decrease in aquifer storage. 

Prescribed recharge is identical in all simulations and is not changed by the pumping. 

Furthermore, the zone of aquifer depressurisation does not extend to the eastern constant 

head boundary within the time period of the pumping and therefore no additional lateral 

Calibration 

case

End of

pumping stage

Time

[yrs]

Max Theis 

drawdown at Great 

Northern Highway 

[m]

Max model 

drawdown at Great 

Northern Highway 

[m]

Report figure 

reference

1

1

2

3

4

14

24

1.4

3.6

5.1

< 0.1

  0.59

  0.80

Fig.30

Fig.31

Fig.32

2

1

2

3

4

14

24

1.0

2.4

3.4

< 0.1

  0.44

  0.58

Fig.33

Fig.34

Fig.35

3

1

2

3

4

14

24

0.2

0.7

1.1

< 0.1

  0.28

  0.36

Fig.36

Fig.37

Fig.38
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inflow is induced by the pumping. Similarly, there is no decrease in offshore groundwater 

discharge because the zone of depressurisation does not propagate to the sea-floor 

boundary during the simulation period. Table 11 summarises the simulated changes in 

groundwater flow toward the coast and De Grey River at the end of each stage of pumping 

across section lines B and C (e.g., Figure 30). Approximations in the flow estimates are 

evident as small negative reductions in flow toward the De Grey River for calibrations 2 and 

3; however, in general the proposed pumping is predicted to have only a minor impact on 

groundwater discharge from the Wallal aquifer to the De Grey River alluvium. A potential 

reduction of groundwater flow of around 1 GL over 24 years is evident for calibration 1. 

Table 11. Change in flow at the coast and De Grey River induced by pumping 

 

A conceptual water balance for the Wallal aquifer is shown in Figure 39, where: 

 QE  - is lateral inflow from the east Canning Basin 

RW  - is recharge to the unconfined portion of the aquifer 

PW  - is total pumping 

QS  - is offshore discharge to overlying units 

QA  - is onshore discharge to overlying units 

∆SC  - is change in confined storage 

∆SU  - is change in unconfined storage 

Because QE, RW, QS and QA are effectively unchanged by the pumping, the approximate 

water balance equation during the pumping period can be written as follows: 

 PW = ∆SC + ∆SU 

Table 12 contains estimates for ∆SU that are calculated by multiplying the volume of aquifer 

that desaturates during a specified period of pumping by the specific yield of the desaturated 

volume; with the change in confined storage taken as the difference between ∆SU and PW. 

The results of this analysis indicate that after 24 years, approximately 40 to 50 percent of the 

total pumping is balanced by drainage of pore space within the unconfined portion of the 

Wallal aquifer. The corresponding 60 to 50 percent of the pumping is balanced by decrease 

of confined storage within the confined portion of the aquifer. The fraction of total pumping 

Calibration 

case

End of 

pumping 

stage

Time

[yrs]

Cumulative 

pumping 

[GL]

Cumulative flow 

decrease at the

coast beneath

section line B [GL]

Cumulative flow 

decrease toward the 

De Grey River beneath 

section line C [GL]

Report 

figure 

reference

1 4 28 0 0.0 Fig.30

1 2 14 178 15 0.3 Fig.31

3 24 378 36 0.8 Fig.32

1 4 28 1 -0.1 Fig.33

2 2 14 178 20 -0.4 Fig.34

3 24 378 50 0.0 Fig.35

1 4 28 5 -0.2 Fig.36

3 2 14 178 32 -0.7 Fig.37

3 24 378 70 -0.8 Fig.38
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that is balance by decrease of unconfined storage is slightly larger for calibration 1 than for 

calibration cases 2 and 3. Thus, the overall drawdown is slightly less for calibration 1 

notwithstanding larger drawdown at Great Northern Highway. 

Table 12. Change in unconfined and confined storage for calibration cases 

 

6.5 Sensitivity of drawdown to variation of specific yield 

Table 13 summarises the results of a sensitivity analysis to explore change in the predicted 

drawdown in response to variation of specific yield in the Wallal aquifer. The results from 

calibration 2, which uses specific yield 0.2, are compared with results from two identical 

simulations that use specific yield 0.1 and 0.3. The table compares maximum drawdown 

beneath Great Northern Highway for each case. Contour plots of drawdown at the end of 

stage 3 pumping are shown in Figure 40 to Figure 42. A single laboratory measurement of 

specific yield was made by Leech (1979, p.14) who determined a value of 0.284. 

Drawdown of 0.9 m at the highway obtained using specific yield 0.1 is approximately double 

the drawdown of 0.44 m obtained using specific yield 0.3. It is evident that increasing the 

specific yield results in less drawdown for the same volume of pumping because more 

groundwater (three times more in this case) is released from storage per unit drawdown in 

the unconfined portion of the aquifer. 

Water balance estimates for the Wallal aquifer are given in Table 14, which indicates that for 

calibration 3 slightly less water is released from unconfined storage than for cases 1 and 2. 

Notwithstanding this difference, the overall drawdown is much smaller for calibration 3 

because the specific yield is two-thirds and one-third larger, respectively. 

[GL] % pumping [GL] % pumping

1 4 28 5.5 20 23 80

2 14 178 82 46 96 54

3 24 378 193 51 185 49

1 4 28 4.5 16 24 84

2 14 178 73 41 105 59

3 24 378 166 44 212 56

1 4 28 16 57 12 43

2 14 178 75 42 103 58

3 24 378 155 41 223 59

Estimated change in 

unconfined storage

∆Su

Estimated change in 

confined storage

∆Sc

Calibration 

case

End of 

pumping 

stage

Time

[yrs]

Cumulative 

pumping 

[GL]

1

2

3
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Table 13. Results of the sensitivity analysis for specific yield 

 

 

Table 14. Change in unconfined and confined storage for the sensitivity analysis 

 

  

Specific yield of 

Wallal aquifer

End of pumping

stage

Time

[yrs]

Max model 

drawdown at Great 

Northern Highway 

[m]

Report figure 

reference

0.1

1

2

3

4

14

24

< 0.1

  0.61

  0.90

n.a.

n.a.

Fig.35

0.2

1

2

3

4

14

24

< 0.1

  0.44

  0.58

n.a.

n.a.

Fig.39

0.3

1

2

3

4

14

24

< 0.1

  0.35

  0.44

n.a.

n.a.

Fig.40

[GL] % pumping [GL] % pumping

1 4 28 5.2 18 23 82

2 14 178 81 46 97 54

3 24 378 156 41 222 59

1 4 28 4.5 16 24 84

2 14 178 73 41 105 59

3 24 378 166 44 212 56

1 4 28 3.4 12 25 88

2 14 178 67 38 111 62

3 24 378 168 44 210 56

Estimated change in 

confined storage

∆Sc

Calib. case 2

Sy = 0.1

Calib. case 2

Sy = 0.2

Calib. case 2

Sy = 0.3

Simulation

End of 

pumping 

stage

Time

[yrs]

Cumulative 

pumping 

[GL]

Estimated change in 

unconfined storage

∆Su
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a. Calibration 1 

 
 
b. Calibratiopn 2 

 
 
c. Calibration 3 

 
Figure 26. Observed and simulated hydrographs for well WCB 20C 
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   a. End of stage 1 pumping at 4 years 

 
 

   b. End of stage 2 pumping at 14 years 

 

   c. End of stage 3 pumping at 24 years 

 

 

 

Figure 27. Theis drawdown analysis for calibration 1 
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   a. End of stage 1 pumping at 4 years 

 
 

   b. End of stage 2 pumping at 14 years 

 

   c. End of stage 3 pumping at 24 years 

 

 

 

Figure 28. Theis drawdown analysis for calibration 2 

 

  



  

 

West Canning Basin Groundwater Model: NorthStar Magnetite Project 54 

 
 

 

 

   a. End of stage 1 pumping at 4 years 

 
 

   b. End of stage 2 pumping at 14 years 

 

   c. End of stage 3 pumping at 24 years 

 

 

 

Figure 29. Theis drawdown analysis for calibration 3 
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Figure 30. Calibration 1: drawdown in Wallal aquifer at the end of stage 1 pumping 
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Figure 31. Calibration 1: drawdown in Wallal aquifer at the end of stage 2 pumping 
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Figure 32. Calibration 1: drawdown in Wallal aquifer at the end of stage 3 pumping 
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Figure 33. Calibration 2: drawdown in Wallal aquifer at the end of stage 1 pumping 
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Figure 34. Calibration 2: drawdown in Wallal aquifer at the end of stage 2 pumping 
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Figure 35. Calibration 2: drawdown in Wallal aquifer at the end of stage 3 pumping 
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Figure 36. Calibration 3: drawdown in Wallal aquifer at the end of stage 1 pumping 
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Figure 37. Calibration 3: drawdown in Wallal aquifer at the end of stage 2 pumping 
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Figure 38. Calibration 3: drawdown in Wallal aquifer at the end of stage 3 pumping 
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Figure 39. Wallal aquifer conceptual water balance 
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Figure 40. Calibration 2 with specific yield 0.1: drawdown in Wallal aquifer at the end of stage 3 pumping 
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Figure 41. Calibration 2 with specific yield 0.2: drawdown in Wallal aquifer at the end of stage 3 pumping 
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Figure 42. Calibration 2 with specific yield 0.3: drawdown in Wallal aquifer at the end of stage 3 pumping  



  

 

West Canning Basin Groundwater Model: NorthStar Magnetite Project 68 

 
 

7 SUPPLEMENTARY EXTRACTION SCENARIOS 

This section describes three regional groundwater extraction simulations conducted at the 

request of FMG and supplementary to the modelling already described. The three scenarios 

are summarised in Table 15. Pumping schedules for each well field are listed in Table 16 

and the proposed well field locations are shown in Figure 43. 

All three supplementary scenarios are based on calibration case 1 and use the aquifer 

material properties for case 1 as listed in Table 6. 

Table 15. Supplementary simulations based on the pumping schedules in Table 16 

 

7.1 Scenario descriptions 

Scenario 1 

This simulation includes pumping from the proposed NorthStar well field and a potential 

future well field to be operated by Water Corporation. Pumping from the NorthStar well field 

commences at 13 GL/yr for the first five years and increases to 20 GL/yr for the subsequent 

fifteen years. Total extraction is 365 GL over twenty years (2015 to 2034). Well locations are 

the same as for the previous predictive simulations. Pumping from the Water Corporation 

well field is 10 GL/yr for thirty-five years (2016 to 2035) giving a total extraction of 350 GL. 

Wells are spaced at intervals of approximately two kilometres along an east-west line 

located to the west of the NorthStar well field and within the confined part of the Wallal 

aquifer. 

Scenario 2: 

This scenario is the same as scenario 1 with additional pumping for irrigation on Pardoo 

Station and Wallal Station. Proposed pumping for Pardoo Station commences at 2 GL/yr in 

2013 and increases to 10 GL/yr by 2017. Total extraction is 360 GL over thirty-eight years 

(2013 to 2050). The well locations for Pardoo Station are based on the locations used in the 

previous modelling by Aquaterra (2010, Fig. 9.1). Pumping for Wallal Station commences at 

2 GL/yr in 2013 and increases to 8 GL/yr by 2016, with total extraction is 292 GL over thirty-

eight years (2013 to 2050). The pumping wells are spaced at intervals of approximately two 

kilometres along Great Northern Highway and directly east of the intersection with bore line 

road. 

Scenario Calibration case Pumping locations

1 1
NorthStar well field

Water Corporation well field

2 1

NorthStar well field

Water Corporation well field

Pardoo Station irrigations wells

Wallal Station irrigation wells

3 1 Regional well field



  

 

West Canning Basin Groundwater Model: NorthStar Magnetite Project 69 

 
 

Scenario 3 

The third scenario is based on scenario 6 from the previous modelling by Aquaterra (2010, 

p.213). Groundwater is extracted at a rate of 32.4 GL/yr from a single regional well field 

consisting of twenty-six wells at the locations indicated in Fig. 9.2 of Aquaterra (2010). Total 

extraction is 1458 GL over forty-five years. 

Table 16. Pumping schedules for the supplementary scenarios 

 

7.2 Groundwater recharge 

Results from the predictive simulations in Section 6 exhibit very minor variation of hydraulic 

head in response to annual variation of the groundwater recharge rate. The same drawdown 

distribution is expected irrespective of whether a constant recharge rate or annually-varying 

recharge rate is used. The simulations in this section therefore assume a constant average 

annual groundwater recharge rate of 7 mm/yr, which is the same value use for the pre-

development calibration cases, and from which the initial conditions are generated. 

7.3 Results 

A summary of results from the supplementary scenarios is given in Table 17, which lists 

maximum drawdown values at Great Northern Highway. Contour plots of head drawdown at 

the end of each stage of pumping for each scenario are shown in Figure 44 to Figure 53. 

Maximum head drawdown at Great Northern Highway is larger for all three scenarios due to 

increased total pumping and extraction from well fields located closer to the highway. 

Start

year

End

year

Time

[yr]

Total pumping 

rate [GL/yr]

Number of 

wells

Well pumping 

rate [L/s]

Stage

volume [GL]

Cumulative

volume [GL]

2015 2019 5 13 7 59 65 65

2020 2034 15 20 12 53 300 365

2016 2050 35 10 9 35 350 350

2013 2013 1 2 1 63 2 2

2014 2014 1 4 2 63 4 6

2015 2015 1 6 3 63 6 12

2016 2016 1 8 4 63 8 20

2017 2050 34 10 6 53 340 360

2013 2013 1 2 1 63 2 2

2014 2014 1 4 2 63 4 6

2015 2015 1 6 3 63 6 12

2016 2050 35 8 5 51 280 292

2015 2059 45 32.4 26 40 1458 1458

Regional well field (Aquaterra 2010, scenario 6)

NorthStar well field

Water corporation well field

Pardoo Station irrigation wells

Wallal Station irrigation wells
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Pumping of 365 GL from the proposed NorthStar well field is similar to total pumping of 

378 GL in the predictive simulations from Section 6; however, the total extraction from all 

well fields is considerably larger. For scenarios 1, 2 and 3 the total extraction volumes are 

715 GL, 1367 GL and 1458 GL, respectively. 

Drawdown at the proposed Water Corporation well field is larger than at the proposed 

NorthStar well field because the aquifer thickness and transmissivity decrease in a westerly 

direction between these locations. The Wallal Sandstone thins from east to west and 

eventually pinches out beneath the De Grey River alluvium (Figure 15). 

Table 18 provides a comparison of drawdown predicted by the present model and drawdown 

predicted by the existing west Canning Basin model (Aquaterra 2010, Fig.9.24). In both 

cases twenty-six wells pump at 40 L/s each to extract a total of 1458 GL of groundwater from 

the Wallal aquifer over a period of 45 years. The table indicates a difference in predicted 

drawdown of approximately 1 metre between the models, with less drawdown predicted by 

the present model. It is evident that the existing model predicted less drawdown offshore 

from the coast because the hydraulic conductivity of the Wallal aquifer was assigned a 

relatively small value of 2 m/d everywhere offshore. It appears that the restricted release of 

storage from the offshore portion of the aquifer was compensated by flow across the eastern 

model boundary, which did not drawdown due to the constant head boundary condition. 

The maximum predicted drawdown at Great Northern Highway is 5.9 m in 2050 for 

scenario 2. 

Water balance estimates for the Wallal aquifer are contained in Table 19. Because specific 

yield is 0.2 for all simulations the differences in unconfined storage change (∆SU - see 

Section 6.4) correspond to differences in overall drawdown. In each case significant volumes 

of groundwater are released from drainage of pore space in the unconfined portion of the 

Wallal aquifer. 

Table 17. Modelled drawdown for the supplementary scenarios 

 

Pumping

scenario
Date

Time

[yrs]

Max model 

drawdown at Great 

Northern Highway 

[m]

Report figure 

reference

1

1/1/2020

1/1/2035

1/1/2050

5

20

35

2.5

3.0

3.5

Fig.42

Fig.43

Fig.44

2

1/1/2020

1/1/2035

1/1/2050

5

20

35

4.1

5.3

5.9

Fig.45

Fig.46

Fig.47

3

1/1/2020

1/1/2035
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Table 18. Comparison of model predicted drawdowns for scenario 3 

 

 

Table 19. Change in unconfined and confined storage for supplementary scenarios 

 

 

Scenaro 3

(This report, Fig.51)

Existing model

(Aquaterra 2010, Fig. 9.24)

Center of well field 3 4

Great Northern Highway 2 3

Coastline 1.5 2.5

Location

Drawdwown after 45 years

[GL] % pumping [GL] % pumping

1/1/2019 4 28 5.5 20 23 80

1/1/2029 14 178 82 46 96 54

1/1/2039 24 378 193 51 185 49

1/1/2020 6 105 42 40 63 60

1/1/2035 21 555 237 43 318 57

1/1/2050 36 340 271 80 69 20

1/1/2020 6 199 62 31 137 69

1/1/2035 21 919 339 37 580 63

1/1/2050 36 974 444 46 530 54

1/1/2020 6 162 58 36 104 64

1/1/2035 21 648 241 37 407 63

1/1/2050 36 1134 427 38 707 62

1/1/2060 46 1458 522 36 936 64

Estimated change in 

unconfined storage

∆Su

Estimated change in 

confined storage

∆Sc

Calib.

case 1

Supp. 

scenario 1

Supp. 

scenario 2

Simulation Date
Time

[yrs]

Cumulative 

pumping 

[GL]

Supp. 

scenario 3
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Figure 43. Proposed well field locations for the supplementary model runs 
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Figure 44. Scenario 1: drawdown in Wallal aquifer at the end of 2019 
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Figure 45. Scenario 1:  drawdown in Wallal aquifer at the end of 2034 
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Figure 46. Scenario 1:  drawdown in Wallal aquifer at the end of 2050 
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Figure 47. Scenario 2:  drawdown in Wallal aquifer at the end of 2019 
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Figure 48. Scenario 2:  drawdown in Wallal aquifer at the end of 2034 
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Figure 49. Scenario 2:  drawdown in Wallal aquifer at the end of 2050 
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Figure 50. Scenario 3:  drawdown in Wallal aquifer at the end of 2019 
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Figure 51. Scenario 3:  drawdown in Wallal aquifer at the end of 2034 
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Figure 52. Scenario 3:  drawdown in Wallal aquifer at the end of 2050 
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Figure 53. Scenario 3:  drawdown in Wallal aquifer at the end of 2059 (45 years) 
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8 CONCLUSIONS 

Based on the modelling results in this report, proposed groundwater extraction for the 

NorthStar project is unlikely to induce additional groundwater recharge to the Wallal aquifer 

within the simulation period. Similarly, the proposed extraction is unlikely to reduce the rate 

of groundwater discharge to the ocean during the simulation period due to very large 

hydraulic resistance across the offshore extent of the Jarlemai Siltstone and overlying 

formations. As a consequence, almost all of the extracted groundwater volume is expected 

to come from aquifer storage. 

When extraction is predominantly balanced by storage decline, as described above, the 

predicted extent and shape of the region of aquifer depressurisation is almost entirely 

determined by the values of hydraulic conductivity and aquifer storage coefficient assigned 

in the modelling; and their spatial distributions. 

If the value of hydraulic conductivity is made larger in the modelling, then smaller values of 

drawdown are predicted over a larger area, giving similar total drawdown. The reverse also 

applies. Accurate representation of the hydraulic conductivity distribution is therefore 

important for prediction of head change at specific locations rather than predicting the total 

drawdown. 

In contrast, variation of the aquifer storage coefficient changes the amount of water released 

per unit of drawdown, such that a decrease in the assumed value results in greater total 

drawdown for an equivalent volume of pumping; and vice versa. Accurate representation of 

the storage coefficient value and distribution is therefore important for obtaining reliable 

predictions of total drawdown in response to the proposed groundwater extraction. 

In calibration cases 1, 2 and 3 the horizontal hydraulic conductivity is 40, 60 and 80 m/d 

respectively, and the distribution of drawdown varies in each case. Total drawdown is similar 

for cases 1 and 2 because the storage coefficients are the same; however, case 3 has a 

larger confined storage coefficient and total drawdown is therefore smaller. 

In all of the predictive simulations, the zone of aquifer depressurisation extends into the 

southern part of the model domain where the Wallal aquifer is unconfined. Drainage of the 

aquifer pore space in this area releases around 400 to 500 times more water per unit 

drawdown compared to confined storage release. Model predicted drawdown in response to 

pumping is consequently sensitive to the value of specific yield assigned to the Wallal 

aquifer, which is confirmed by the sensitivity analysis. 
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ABOUT THIS REPORT  

NTEC Environmental Technology provides consulting services to the mining and water 

industries, including assessment of the potential environmental impacts of proposed 

projects, often using numerical simulation models to provide quantitative predictions of 

hydrological and other processes. 

NTEC Environmental Technology employs highly qualified staff with expertise in impact 

assessment and simulation methodologies.  As members of professional organisations 

including IEAust, AusIMM, IAH, IAHR, NGWA and AGU, we strive to apply our skills 

diligently, and to maintain our level of skill through continuing professional development. 

Much of our work lies at the interface between the natural and the built environment.  While 

the built environment is designed by engineers, using materials whose properties can be 

controlled during manufacture, the natural environment is fundamentally different.  The 

geometry and properties of the natural environment can never be fully characterised.  

Processes that have occurred in the past and may occur in the future can only be inferred 

from a limited number of uncertain measurements.  The history of previous activities at a 

project site is often poorly documented, adding a further layer of complexity. 

Our work combines analysis and prediction:  analysis of systems based on available 

information, and prediction of the response of those systems to man-made changes.  We are 

skilled in selection and application of methods for sensitivity and uncertainty analysis.  

Uncertainty is inherent in the problems we work on, hence estimating and managing that 

uncertainty is always part of our work. 

This report has been prepared for you, our client: 

 to meet specific requirements discussed with you before and during preparation of 

the report, and 

 using information provided by you and otherwise available in the public domain. 

Before you rely on analyses and predictions contained in this report, we encourage you to 

understand the uncertainties identified within the report and the methodologies we have 

used to address them.  If you remain uncertain about the results, it is your responsibility to 

ask us to clarify.  If you or any other party misinterpret the results, NTEC Environmental 

Technology cannot be held responsible for such misinterpretation. 

This report should not be used for any purpose other than that for which it was intended. 
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EXECUTIVE SUMMARY 

Worley Parsons has been commissioned by Fortescue Metals Group Ltd (FMG) to conduct a 

preliminary pit dewatering assessment for the proposed North Star Magnetite Project (North Star), 

based on a pit design presently being developed by Golder Associates. Dewatering volumes 

expected during pit development are required by FMG as part of project planning and for future 

environmental impact assessment. The purpose of this investigation is to estimate the likely pit 

dewatering volumes that may need to be managed with the development of the North Star mining 

operation. The study was divided into:  

• a desk top study which includes the interpretation of available exploration core data; 

• field work, undertaken to further the understanding of the site characteristics and to devise a 

hydraulic testing program, undertake pump testing and packer testing of selected exploration 

holes; and  

• a groundwater modelling study, undertaken, using data from the hydraulic testing, to estimate 

the potential volume of dewatered groundwater that could be expected from the mining 

program. 

Packer testing was performed on four bores testing country rock (shales) within the hanging wall and 

footwall of a NNE-SSW trending shear zone which intersects the ore body. A lack of flow within test 

sections of country rock and unweathered zones of the BIF indicates that the transmissivity values of 

these rocks are likely very low and thus, they are likely not a significant source of groundwater within 

the area. Transmissivity values calculated within the weathered and/or fractured BIF units ranged 

from 1.26 x 10
-2

 m
2
/day to 3.3 x 10

-1
 m

2
/day, indicating groundwater can be more readily transmitted 

through the weathered BIF, but that the transmissivity values are still very low within this unit.  

Aquifer testing of the alluvial aquifer was also performed at four well bores (GVW06, GVW07, 

Gusboy, Packer). Another aquifer test was performed along a perceived shear zone which runs in a 

north easterly direction on top of the Northstar deposit. Transmissivity values of the alluvial aquifer 

ranged from 0.32 m
2
/d to 2.3 m

2
/d, while the transmissivity of the shear zone was 4.3 m

2
/d.  

Initial hydrogeological conceptualization reveals that a minimal amount of water exists and is perched 

along shear zone which transects the ore deposit in a north easterly direction. Minimal groundwater 

will be encountered through the shear zone, until the second deeper aquifer is encountered. When 

the pit is opened to a point below the regional groundwater elevation, groundwater will more than 

likely enter the pit at these shear locations. The amount of groundwater entering the pits should be 

minimal, and a floating sump pump system delivering water out of the pit should be able to handle the 

nuisance water.  

In order to describe the majority of water entering the pit from the regional groundwater supply, a 

simple modflow model was created. Calculations of dewatering volumes have been estimated using 

Visual Modflow groundwater modelling software and are based on hydraulic parameters obtained 

during packer testing, aquifer testing and a single reserve pit design. Total pit dewatering volume 

estimates calculated for a 25-year pit life, range from 8.2 to 22.1 GL, with a maximum average rate of 
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34.9 L/s (3,013 m
3
/d). A range of hydraulic parameters were used to calibrate and refine the model 

and determine the sensitivity of specific parameters within it.  
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1. INTRODUCTION 

WorleyParsons has been commissioned by Fortescue Metals Group Ltd (FMG) to conduct a 

dewatering assessment for their proposed North Star Magnetite Project (North Star). The design of 

the North Star pit is presently being developed by Golder Associates (Golder), with supporting 

geotechnical investigations previously carried out by Snowden Mining Industry Consultants 

(Snowden). Potential dewatering volumes for various stages of pit development are required by FMG 

for project planning and environmental impact assessment purposes.  

This report provides potential dewatering volumes that have been estimated based on a 

hydrogeological model that was developed using a preliminary pit design from Golder Associates 

(Golder 2011). Additional finalization of this report will be required upon receipt of future pit design 

information from Golder.  

1.1 Background 

The North Star project site is located approximately 100 km south of Port Hedland and 25 km east of 

the existing FMG rail line to Port Hedland (Figure 1-1). North Star is located within exploration 

tenements E45/2510 and E45/2535, in the northern portion of a larger magnetite ore body whose 

southern half is currently being progressed to development as the Glacier Valley Joint Venture 

between FMG and Baosteel.  

The magnetite ore body is hosted by sub-vertically dipping Banded Iron Formation (BIF) of the 

Pincunah Formation and is approximately1 km in width and 3 km to 5 km in length. Preliminary 

exploration work to date has defined the minimum depth extent of the economically mineralized 

portions of the Pincunah BIF as 300 m. FMG is currently planning to develop the project as an open 

pit operation with ore processing on site.  

1.2 Objective and Scope of Work 

The objective of this report is to summarize existing geological and hydrogeological data, relative to 

the feasibility of dewatering during pit development at the North Star site, and to quantify dewatering 

volumes that will need to be managed throughout development of the North Star mining operation.  

The scope of work required to meet the objective was divided into several tasks, consisting of:    

• a detailed geological and hydrogeological desktop review, including interpretation of available 

exploration core data; 
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• a field reconnaissance to gain a further understanding of site characteristics; 

• a field program which involved groundwater hydraulic testing through the use of packers and 

aquifer testing of several boreholes; and 

• development of a Dewatering Assessment Report, including a groundwater modelling study, to 

estimate the potential volume of dewatered groundwater that could be expected during the 

mining program.  

1.3 Information Sources 

Historical reports and data that were provided to WorleyParsons and used within the study of this 

report included: 

• Geotechnical Design Report (Snowden 2010); 

• North Star Phase 1 Study (Golder 2011); 

• Final Feasibility Report (Snowden 2011); 

• Static Water Level measurements recorded between January 2008 and September 2011 

(FMG 2011); 

• Geological logs, where available (FMG 2011); 

• ATV geoprobe data (FMG 2011);  

• 3D pit geometry for the current 10 year design (as of 18 August 2011; Golder); and 

• Pumping test data for NS0128, conducted on 29
th
 September, 2011 (by FMG). 
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2. PIT DESIGN 

At the time of this report compilation, the design for the North Star pit was still in development by 

Golder. The pit location and dimensions used in this study are based on preliminary data supplied by 

email from Golder on 18/08/2011. The pit design is due to be revised in December 2011. Re-

calibration of the dewatering model will be possible upon receipt of the final pit design.  

FMG has created a deposit scale geological block model using Vulcan. Using data from this model 

Golder have produced a Mining Model and a Whittle model in order to create a preliminary pit design 

(Golder 2011). The Whittle model used an optimiser tool which derived an economic pit outline using 

profit maximisation algorithms. This calculation was based on process recovery amount and cost 

estimates and a cut-off grade determined by ore prices current at the time of the analysis (Golder 

2011). Dimensions of each block model are displayed in Table A.  

Table A Block Model Dimensions 

Dimension Orientation FMG Vulcan Model Golder Mine Model Golder Whittle Model 

X (Easting) 0.5 – 2 m 20 20 

Y (Northing) 10 – 50 m 20 20 

Z (RL) 2.5 – 25 m 12.5 12.5 

Number of blocks 10,620,000 5,310,000 5,664,000 

Several pit options resulted from the analysis by Golder for the North Star deposit. The option labelled 

Pit 10, which was equated to an estimated mine life of 30.6 years and a total of 459 Mt, was 

recognised as the optimum pit, based on largest undiscounted cash flow (Golder, 2011). This pit shell 

was adopted by the current dewatering investigation, and is referred to as the reserve pit. The pit is 

shown as a vertical section in Figure  2-1 and a planar map is provided as Figure 2-2.  

The proposed reserve pit is approximately 4.8 km long and 1.2 km wide. The base of the pit is 

approximately -200 mAHD (a maximum depth of approximately 600 m). Figure 2-2 illustrates the 

location of the pit relative to the ore body and existing drill holes. An overall side slope angle of 45º 

was adopted for the pit optimisation, which includes an allowance for ramps. No pit stage geometries 

were provided with the reserve pit and a generalisation of pit progression has been assumed in order 

to complete the current preliminary assessment.  

The basement of the Pincunah Formation will form the western footwall of the initial pit and is 

composed of red and black thinly bedded BIF, layered chert, local felsic tuff and minor shale and 

siltstone. The eastern hanging wall of the initial pit is composed of interbedded shales, mudstones, 

cherts, BIF and quartzite beds (Snowden 2010). 
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Figure  2-1 Draft pit outlines along 7648500 mN (Golder, March 2011). Pit 10 has been adopted 

by this assessment as the proposed reserve pit. 

The pit walls are likely to intersect the upper weathered portion of the deposit and surrounding rock, in 

the early stages of mine life, which may through existing faulting (Figure 1-1) act as a more 

transmissive zone of groundwater flow. This may induce higher rates of inflow to the developing pit, 

especially during high intensity rainfall events. 

Later stages of pit wall development are expected to intersect the shallow alluvial aquifer downslope 

of and surrounding the deposit. Groundwater flow is currently considered to be away from the 

geographic high of the deposit towards the Turner and Shaw Rivers to the east and west; however 

this flow direction may be reversed in the vicinity of the pit as ongoing development may induce a 

groundwater gradient towards the pit. This source of pit inflow must be considered when estimating 

pit inflow volumes over the life of the mine. 

2.1 Proposed Waste Dumps 

The size and location of waste dumps may have an effect on the mine scale groundwater regime, 

related to groundwater mounding under the dumps caused by lithostatic loading and seepage from 

tailings facilities into groundwater. Golder have currently (as of October 2011) progressed waste 

dump planning to a single proposed waste dump location. This area is currently being sterilized as 

part of the exploration program. Golder (2011) have estimated tailings material volumes, based on a 

total predicted mined ore volume of 1,168 Mt (Pit 10), of 709 Mt or 1,180 LCM (loose cubic metres) 

(Mm
3
). Further information regarding tailings would be required to investigate the possible effects 

tailings and other waste material may have on pit seepage.
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3. TOPOGRAPHY, DRAINAGE AND CLIMATE 

3.1 Topography 

The physiography of the region is derived from outcropping hard rock geology (Van Kranendonk 

2000). Greenstones form ridges to a maximum height of 462 m, while large granitoid intrusive domes 

form a weathered flat subdued undulating topography that is locally broken by mesas (areas that are 

resistant to weathering; Van Kranendonk 2000). The area surrounding the North Star project is 

dominated by Greenstone outcrop, with the exception of the Carlindi Granitoid Complex, north of the 

project area which is covered by an extensive alluvial-colluvial plain. The topography of the project 

area is displayed in Figure 3-1.  

3.2 Drainage 

The North Star project site is located on an elevated ridge along a surface water catchment divide 

that divides the Shaw River to the east and the Turner River to the west (Figure 3-1). The western 

edge of the ore body features a steep scarp leading to a relatively flat laterite-capped peneplain. This 

location corresponds with the upper catchment of the Turner River and runoff from the site is directed 

towards a number of minor tributaries that feed the Turner River approximately 8 km to the west. The 

eastern side of the ore body slopes more gradually to a number of ephemeral tributaries that feed the 

Shaw River. The main channel of the Shaw River runs in a northerly direction and is within 20 km of 

North Star at its closest point.  

3.3 Climate 

North Star has an arid climate with very hot summers and mild to warm winters. The mean maximum 

daily temperature recorded at Marble Bar (approximately 90 km to the east) is 35.5ºC. The site 

receives rainfall from both tropical cyclones and isolated thunder storms. Rainfall is seasonal and 

generally highest, during the wet season (December to March). The mean annual rainfall is 354.2 mm 

however this is highly variable with recorded annual rainfall varying between 44.9 mm and 417.4 mm 

and a maximum recorded rainfall of 646.8 mm (Bureau of Meteorology 2011).  

Evaporation at the project site is considered to be representative of evaporation across the Pilbara 

region, which greatly exceeds annual rainfall (Haig, 2009). Mean annual daily evaporation recoded at 

Marble Bar Comparison Site (BoM Site ID4020) located 73 km to the west of the project site was 

8.7 mm (1968 to 1988). Mean annual daily evaporation recorded at Witternoom (BoM Site ID 5026) 

133 km to the south west was 9.1 mm (1967 to 2011). High evaporation rates such as these may also 

limit rainfall recharge to groundwater, with the exception of high intensity rainfall events.  
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4. GEOLOGY  

The North Star deposit is hosted by fine grained metasediments of the Pincunah Hill Formation, which 

is the basal formation of the Achaean George Creek Group, situated within the Pilbara Craton. The 

Pilbara Craton is composed of Archaean granite-greenstone terrain underlying younger sediments at 

the coast and extending inland to where it outcrops around the Chichester and Hamersley Ranges. 

Greenstone sequences comprise meta-sedimentary and volcanic rocks that have been intruded by 

significant volumes of granite and have undergone a complex history of deformation and 

metamorphism (Haig, 2009).  

In order to gain an understanding of the of the lithological and structural controls in the region of the 

proposed North Star pit, an overview of the geology of the deposit and surrounding region has been 

summarised below and a regional geological map has been provided as Figure 4-1.  

4.1 Geological Evolution 

Van Kranendonk (2000) recognised five periods of deformation (D1 to D5) in the Pilbara Supergroup in 

the region of North Star. D1-D2 and D4-D5 pulses of granitoid doming, which resulted in concurrent 

sinking of greenstones during crustal overturn, were separated by transpressional D3 deformation at 

c. 2936 Ma (Van Kranendonk 2000).  

The undated George Creek Group is located within the Pilgangoora Basin, which formed during horst 

and graben faulting concurrent with folding of the Yule Granitoid Complex immediately to the south. 

Wilhelmij and Dunlop (1984; from Van Kranendonk, 2000) described syn-sedimentary faults 

associated with deposition of the George Creek Group, which Van Kranendonk (1997; from Van 

Kranendonk 2000) ascribed to regional deformation. The emplacement and inflation of the Strelley 

Granite directly to the east of the Pilgangoora Basin resulted in synvolcanic growth faults and 

synsedimentary slump folds in the Kangaroo Caves Formation of the Sulphur Springs Group (Van 

Kranendonk 2000). The George Creek Group disconformably overlies the Sulphur Springs Group and 

is unconformably overlain by the De Grey Group. The George Creek Group was later folded and 

faulted during regional transpression (c. 2940 Ma). 
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Code Group Formation
AaD Dalton Suite Dalton Suite
AFhk Fortescue Group Hardey and Kylena Formations
AFr Fortescue Group Mount Roe Basalt
AD De Grey Group De Grey Group
AG Gorge Creek Group Gorge Creek Group
AS Sulphur Springs Group Sulphur Springs Group
ASd Sulphur Springs Group Dolerite
Aj Golden Cockatoo Formation
AWS Warrawoona Group Salgash Subgroup
AWT Warrawoona Group Talga Talga Subgroup
AWs Warrawoona Group Strelley Pool Chert
AWp Warrawoona Group Panorama Formation
AWd Warrawoona Group Duffer Formation
AWr Warrawoona Group Dresser Formation
AO Coonterunah Group Coonterunah Group
Au Unassigned Ultramafic tectonic breccia
Aubs Ultramafic and mafic schist
Ab Metabasalt
AgLut Motherin Monzogranite
AgYgi Gillam Monzogranite
AgYi Interleaved granodiorite, granite, and pegmatite
AgYin Biotite-hornblende gneiss
AgYnu Numbana Monzogranite
AgYpi Pincunah Monzogranite
Agki Keep It Dark Monzogranite
AgL Granitoid rock, unassigned
AgLl Hornblende granite
AgLm Fine-grained biotite monzogranite
AgLwi Wilson Well Gneiss
Agno North Pole Monzogranite
AgS Granitoid rock, unassigned
AgSco Coolyia Creek Tonalite
AgSl Leucogranite and diatexite
AgSmu Mulgandinnah Monzogranite
AgSn Migmatitic orthogneiss
AgSns North Shaw Tonalite
Agst Mainly outer phase
Agstp Inner phase
AgYka Kavir Granodiorite
AgYpe Petroglyph Gneiss
AgYwo Woodstock Monzogranite
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4.2 Stratigraphy 

There are five main stratigraphic groups within the vicinity of the study area, these include; the 

Warrawoona Group, Sulphur Springs Group, George Creek Group, De Grey Group and the Fortescue 

Group. The North Star deposit is located within the north-western portion of the Pincunah Hill 

Formation of the George Creek Group (Figure 4-1).  

The basal part of the Pincunah Hill Formation comprises up to 1 km of red and black banded iron 

formation (BIF; Van Kranendonk, 2000). The BIF component of the unit locally dominates and is fine 

grained, thinly bedded, highly magnetic and has intrafolial isoclinal folds (Blewett and Champion, 

2005). The BIF is commonly interbedded with laminated chert and ferruginous fine grained clastic 

metasediments, including purplish-red to grey shale and siltstone (Van Kranendonk, 2000).  

Overlying the BIF along the northern limb of the Pilgangoora Syncline is a unit of dark red-purple 

ferruginous shale and minor interbedded siltstone, local red and black BIF, thin bedded chert, 

sandstone and conglomerate, which is in faulted contact with the Corboy Formation. Centimetre 

bedded, variegated chert after shale has formed along the northern limb of the Pilgangoora Syncline, 

into high standing ridges silicified by diagenesis (Van Kranendonk, 2000).  

The Corboy Formation is comprised of quartz sandstone, conglomerate, pebbly sandstone and other 

clastic rocks, which conformably overlies the Pincunah Hill Formation. The Corboy Formation to the 

northeast of the orebody is a 500 m thick well sorted, medium grained turbiditic sandstone fining 

upwards to siltstone, and also forms a series of high ridges (402 m AHD) in the southern Pincunah 

greenstone belt.  

The metamorphic grade in the greenstones decreases away from granitoid complexes from middle to 

lower amphibolite facies adjacent to contacts to prehnite-pumpellyite facies (Van Kranendonk, 2000). 

Deformation and metamorphism has been observed to increase in intensity to the north west of the 

George Creek Group (Blewett and Champion, 2005).  

The region hosting the North Star deposit is dominated by outcrop; however, scattered occurrences of 

unconsolidated Cainozoic sand, silt and gravel deposits have formed on outwash fans and on scree 

and talus slopes in small pockets across the rugged greenstone terrain and in the floodplains of 

drainage channels (Van Kranendonk, 2000).  
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4.3 Structure 

The Pincunah Hill Formation is host to the regional Pilgangoora Syncline, a synclinal fold which may 

be related to a set of doubly plunging folds with trends that also parallel the contact of the Yule 

Granitoid Complex (Van Kranendonk, 2000). The North Star deposit is located on the western limb of 

the Pilgangoora Syncline. These folds have curved axial traces and form isolated structures bound by 

sinistral fault splays. This combined with evidence of stratigraphic variation between fault bounded 

blocks indicates that syndepositional horst-graben block architecture influenced the geometry of the 

late deformation (Van Kranendonk, 2000; Figure 4-1). 

Along the hinge of the Pilgangoora Syncline, in the south west of the Pilgangoora Basin, a positive 

flower structure of curviplanar northerly to north-westerly striking sinistral faults exists. The geometry 

of the faults indicate their development was contemporaneous with the folds (Van Kranendonk, 2000). 

Also present are easterly to south-westerly trending folds whose fold axis traces follow the general 

outline of the Carlindi Batholith. 

The most significant fault in the region of the North Star deposit is the Lalla Rookh – Western Shaw 

Fault located 3 to 5 km to the east of the deposit. The Lalla Rookh – Western Shaw Fault is a sinistral 

strike-slip north-northeast to south-southwest curviplanar structure formed during regional 

transpression. The amount of displacement across the fault is estimated to be 18.5 km (Van 

Kranendonk, 2000).  

The Pilgangoora Basin is bounded to the north by the 1 km wide tectonic Mount York Deformation 

Zone and to the south by the tectonic Numerous Scarp Deformation Zone. The Numerous Scarp 

Deformation Zone formed along the trace of a normal fault which separates the Basin from the higher 

grade Yule Granitoid Complex to the south. Along the western edge of the Pincunah greenstone belt 

sheared (mylonitized) schistose rock form narrow outcrops, separating it from the Yule Granitoid 

Complex to the west (Blewett and Champion, 2005). 

4.4 North Star Deposit 

The main BIF member of the Pincunah Hill Formation which hosts the North Star deposit, varies in 

stratigraphic thickness from 350 to 450 m and forms a north-south flat-topped striking ridge 

approximately 500 to 800 m wide and rising approximately 80 to 120 m above the surrounding 

topography (Figure 4-2). FMG exploration has estimated the Pincunah BIF remains open at depth 

with a minimum depth extent of 300 m (FMG 2010). Bedding and strata are sub-vertically dipping and 

strike north-south. Bedding of the fractured Pincunah BIF is closely to very closely spaced (in the 

order of 20 mm to 0.2 m). It is also noted that joints are widely spaced (100 cm to 300 cm) and 

transect the bedding. These joint surfaces are typically planar smooth to planar rough and undulating 

smooth with hard frictional infill and surface staining. Infill widths range from clean to 1.0 mm 

(Snowden 2010). 
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The western footwall sequence of the BIF comprises highly recessive, poorly exposed shales up to 

500 m thick (Figure 4-2). The contact between the shales and the BIF which forms a prominent cliff is 

likely to be sheared or faulted (FMG  2010). The eastern hanging wall sequence of the BIF is over 

400 m thick and is made up of inter-bedded shales, mudstones, cherts, BIF and quartzite typically 

between 1 and 20 m thick. The rocks forming the eastern hanging wall are likely to be more 

competent than those of the footwall. 

The surface of the North Star ore deposit is weathered and oxidized. It is likely that covering of this 

weathered surface may affect rainfall recharge distribution within the deposit. Weathering of the 

deposit is a distinctly light brownish tan colour from about 0 to 50 m, where it terminates abruptly and 

is dark black in colour.   
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5. HYDROGEOLOGY 

Groundwater in the Pilbara region generally occurs in unconfined Quaternary sediments, which may 

be hydraulically connected to underlying weathered-fractured rock aquifers (Haig 2009). Groundwater 

occurrences within granites and greenstones are related to the development of secondary porosity in 

fractured and weathered zones or along bedding planes and joints, the rocks themselves having very 

little primary porosity (Haig 2009). Greenstones have been known to be relatively water productive 

where they are brittle (e.g. chert). In the case of both granites and greenstones, groundwater 

productivity is determined by proximity to drainage lines (Haig 2009).  

Groundwater in the region surrounding the ore deposit is thought to be predominantly hosted by 

primary porosity within overlying shallow unconfined Quaternary sediments hydraulically connected to 

some secondary porosity within the weathered and fractured Archaean basement.  

5.1 Groundwater Recharge 

River flow is a primary source of recharge in the Pilbara and will occur directly where fractured, jointed 

and weathered zones are exposed to river recharge and direct rainfall. In general, recharge occurs in 

the upper reaches of drainages and topographically elevated areas. The direction of flow through the 

aquifer is generally controlled by topography as well as local structures and weathering patterns (Haig 

2009).  

Intense rainfall events, generated by tropical lows forming off the Pilbara coast, may create large 

seasonal variability in groundwater levels. These rainfall periods are critical for groundwater recharge, 

as most recharge to groundwater in the Pilbara region occurs via infiltration of river flow through 

transmissive riverine sediments (Haig 2009). 

Rainfall monitoring is not currently performed at the project site; however, monthly rainfall totals, from 

the three closest Bureau of Meteorology (2011) rainfall stations, were plotted against groundwater 

monitoring data from boreholes at the project site, for the period of January 2008 to July 2011 (Figure 

5-1). The location and approximate distance of these rainfall stations to the site are displayed on 

Table B. Historical groundwater measurements indicate groundwater levels in boreholes at the project 

site fluctuate on the order of approximately 1 m.  

As noted on Figure 5-1, groundwater level fluctuations have remained relatively constant during the 

period from January 2008 through to July 2011. It is also observed that groundwater levels remain 

stable even after large or sudden rainfall events, with a minimal increase in groundwater level (<1 m) 

noted, which provides an indication that rapid infiltration of precipitation into these aquifers is minimal 

and likely not a significant source of recharge. However, within the North Star deposit, and adjacent 

areas, runoff events increase spring discharge along faults which intercept recharge provided by 

infiltration through the upper weathered surface.  
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This data may also indicate that the transmissivity of the groundwater source rock is very low and 

would likely not be susceptible to extremely intensive, short duration rainfall events that have minimal 

infiltration time (Haig 2009). It is likely that instantaneous periods of rainfall occur as runoff events 

instead and are thus not reflected in the hydrographs.  

Figure  5-1 Groundwater Response to Rainfall 

 

Table B Bureau of Meteorology Rainfall Station Properties 

Site Name Site 

Number 

Latitude (°N) Longitude (°W) Approx. Distance to 

North Star (km) 

Wallareenya 4038 -20.7483 118.8172 60 

Hillside Station 4015 -21.7219 119.3989 65 

Marble Bar 4016 -21.1756 119.7497 73 

Groundwater monitoring data was used from four existing boreholes on site (GVW06, GVW07, 

Gusboy and Packer). GVW06 and GVW07 are currently not in use and have not been pumped since 

they were installed. Gusboy and Packer boreholes are currently being used as a source of camp 

water supply and exploration water supply, respectively. Pumping from Gusboy and Packer bores has 

been occurring since 2008, which appears to have had minimal effect on groundwater level 

fluctuations. As noted on Figure  5-1, both pumping and monitoring well groundwater levels decline at 
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roughly the same amount over time since 2008; however, this could also be attributed to an annual 

rainfall decrease from 2006 which was a particularly wet year. 

5.2 Local Hydrogeology 

For the purposes of hydrogeological characterization of the ore body and adjacent catchment areas, 

groundwater occurs from two distinct regions. The first region is the 0-50 m weathered zone of the ore 

body, while the second is the deeper part of the fracture zone which drains the weathered zone of the 

deposit as well as the adjacent upper alluvial catchment of the adjacent groundwater zone. The 

presence of Quaternary sediments has not been noted on ore body, which indicates that a 

Quaternary alluvial aquifer is likely not present on the deposit. The aquifer currently being used for 

exploration water supply is believed to consist of unconfined, unconsolidated material over-lying 

fractured basement and is located on the valleys adjacent to the North Star deposit.  

As noted in Section 5.1, these aquifers are predominantly recharged from infiltration occurring during 

rainfall events. Recharge is therefore limited to the size of the catchment area in which the wells are 

completed (Figure 3-1). There are two existing production wells on site (Gusboy Bore and Packer 

Bore) and two associated monitoring wells (GVW06 and GVW07) which are located within 3 km of the 

ore body (Figure 3-1). Stratigraphic details for the boreholes are currently not available. Estimated 

yields are between 0.5 to 2 L/s.  

Based on the lithological description provided for the formation (low grade metamorphosed/fractured 

BIF, high silica chert and shale) a range of hydraulic conductivity values is likely to be between 

(10
-9

 m/d and 10
-3

 m/d; Freeze and Cherry, 1979). The lower hydraulic conductivity values are 

probably due to ancient silica diagenesis resulting in harder more impermeable rock.  

5.2.1 Geological Controls of Hydraulic Parameters 

The exploration drilling programs conducted to date, on the North Star deposit, have encountered 

little groundwater during drilling. Available groundwater has occurred in the upper weathered zone 

along the NNE fracture zone. It has been observed during drilling that the George Creek BIF, which 

hosts the ore body, as well as the surrounding chert and shale country rock, is extremely tight and 

silicified, which suggests low storage and permeability. 

While the data collected to date suggests groundwater encountered during dewatering was minimal, 

few of the exploration holes have targeted fracture zones which have a higher potential to supply 

groundwater. Fractured rock aquifers are characterised by extreme spatial variability in hydraulic 

conductivity (Cook 2003). High hydraulic conductivity pathways are likely to be provided mainly from 

fracture zones, particularly in hard, brittle lithologies such as BIF, quartzite and chert.  

Flow in fractured aquifers is generally separated into two components, matrix and fracture flow. Matrix 

flow is typically a result of formation permeability and in the case of the North Star deposit, has been 
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diagenetically hardened over time; therefore it is assumed to be insignificant in this case. Fracture 

flow is a result of post depositional and later stage movement of the rocks, resulting in shear zones 

and fractures offering a higher degree of permeability. Fracture flow is generally considered to have a 

certain degree of anisotropy, dependant on the regularity of joint/bedding spacing and orientation and 

a degree of turbulence, dependant on the width of the open joints/bedding (Cook 2003).  

A range of hydraulic parameters is shown on Table C. It is noted that Kruesman and De Ridder 

(1994) have reported typical porosity (n) values for shale of 0-10%, while in comparison, fractured 

basalt range from 5 to 50%. Fractures can increase the hydraulic conductivity of solid rocks by 

several orders of magnitude (Kruesman and de Ridder 1994). For example, flow through a 100 m 

thick cross-section of a porous medium with a hydraulic conductivity of 10
-12

 m/d could, in a fractured 

medium with an impermeable rock matrix, also come from one single fracture only 0.2 mm wide 

(Maini and Hocking 1977 and De Marsily; from Kruesman and de Ridder 1994).  

Table C Typical Hydraulic Parameters, Kruseman and de Ridder (1994) 

Geological Classification Porosity       

(%) 

Hydraulic Conductivity      

(m/d) 

Shale (unfractured) 0-10 10
-7

 

Dense rock --- <10
-5

 

Fractured/weathered rock --- 0 - 10
2
 

Volcanic rock --- 0 - 10
3
 

A significant NNE-SSW trending shear zone which intersects the ore body in its northern portion has 

been identified by FMG during geological mapping (shown as a fault feature on Figure 4-2). Higher 

groundwater inflows with depth were encountered within this shear zone during drilling (pers.comm; 

FMG 2011). Recently drilled RC holes NS0128 and NS0127 are located within this shear zone on the 

eastern side of the deposit. Wells within the footwall and hanging wall located along the shear zone, 

were packer tested in order to obtain information on hydraulic conductivity of the shear zone. Drilling 

encountered significant water in NS0128 in particular, at around 100 m inclined depth (true depth 86.6 

mbgl). This hole was cased and aquifer tested for the purposes of this investigation. The presence of 

this shear zone on pit dewatering volumes are dependent on the continuity of the shear zone to depth 

and its connectivity to significant groundwater storage.  

5.3 Groundwater flow direction 

Groundwater surface elevations were analysed using available groundwater levels measured in 2011 

from bores, piezometers, RC holes and diamond exploration holes on site. Groundwater level data 

was obtained using hand held water level meters (depth from reference RL), operated by FMG and 

WorleyParsons staff, as well as wireline geophysical resistivity analysis (absolute mAHD), operated 
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by Pilbara Wireline Services. At this time, groundwater surface elevation data collected from RC holes 

and diamond exploration holes is not considered to be representative of the formations in which they 

are completed. It is thought that water contained within these holes is likely to be remnant from the 

drilling programs. Water using during the drilling program would not be able to infiltrate through the 

impermeable bedrock beneath and has likely remained stagnant in the holes, providing an artificial 

groundwater surface elevation contour.  

Groundwater level data therefore is limited to the immediate area of the deposit and to readings taken 

from available boreholes and piezometers in the surrounding alluvial overlying fractured basement 

aquifers currently used for exploration water supply. From data collected during the packer testing 

and aquifer tests, it is expected that groundwater would generally follow the topographic high in the 

centre of the deposit and decrease in elevation towards the edges of the deposit. This would indicate 

that regional groundwater follows topography and the direction of groundwater flow is assumed to be 

away from the deposit. It is also noted that there may be two distinct static water levels associated 

with the regional water level and the weathered portions of the deposit. These water levels would 

include the perched weathered zone of the North Star deposit and the other, the alluvial and 

weathered zone of the adjacent lowlands. 

The presence of the NE-SW trending shear zone characterised by FMG is noted as a fault 

intersecting the ore deposit on Figure 5-2. It is currently assumed that the greatest potential for 

groundwater inflows would be where the shear zone intersects the ore deposit. As the pit is mined 

however, other shear zones not discovered during exploration could also allow regional water to enter 

the pit. It is noted that the potential for perched aquifers in the weathered zone may exist at the site, 

due to compartmentalization of groundwater within the sub-vertical bedding. Surface discharge 

features, such as groundwater springs, have been observed northeast of the site which would 

indicate the presence of a perched water table or an aquifer residing above the lower water table.  
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5.4 Packer Testing 

Packer testing was used to determine the permeability of discrete intervals (i.e. at fracture locations) 

within open (uncased) drill holes. Packer testing entailed the isolation of a selected length of the hole 

with one or two expandable rubber packers. Groundwater flow was induced either by injecting 

(Lugeon) into or pumping water out of the test section. The relationship between pressure and flow is 

recorded for each test section. This pressure-flow relationship is then used to calculate hydraulic 

conductivity and transmissivity for a discrete section of borehole. Repeating the procedure at 

incremental depths allows for the development of a hydraulic conductivity-depth profile. 

Packer testing was conducted at North Star from Thursday the 15
th
 of September to Tuesday the 20

th
 

of September. Packer testing was selected for testing the hydraulic properties of the deposit. Packer 

testing was able to be used in existing diamond drill holes which were accurately lithologically logged. 

It was determined that low anticipated groundwater yield meant a testing method which allows 

injection instead of abstraction of groundwater would be the most feasible. Injection testing within 

discrete sections as opposed to the entire length of an open hole, allowed for minimal water to be 

used during testing, which was a mitigating factor to testing at North Star.  

5.4.1 Calculations 

The resultant test data has been analysed to obtain a calculated transmissivity for each test section 

by using a derivation of the Thiem equation (Kruesman and de Ridder, 1994) developed by Royle 

(2002). Equations 1 and 2 were used to calculate transmissivities and hydraulic conductivity values 

for each test section: 

 

� �
�∙��	�

	


�
�

�∙��
      Equation 1 

Where: 

T = transmissivity (m
2
/d) 

Q = injection rate (m
3
/d) 

R = radius of influence (m) 

rb = radius of borehole (m) 
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�� �	�� � �� � �� � ��     Equation 2 

Pi = net injection pressure (m) 

Pg = gauge pressure (m) 

hg = height of gauge above ground level (m) 

hs = depth to pre-test water level (m) 

hf = friction losses (m) 

Equation 1 gives a single uniform transmissivity in all directions for the length of the test section, 

which in turn gives a uniform isotropic hydraulic conductivity value (K). Circumstances in which 

vertical and horizontal hydraulic conductivities are significantly anisotropic may need to be further 

assessed by using observation bores drilled in specific locations in conjunction with packer tests to 

ascertain an accurate anisotropic ratio.  

5.4.2 Results 

Packer testing was proposed for four inclined diamond drill holes (NSD004, NSD006, NSD010 and 

NSD011) that were originally drilled for resource identification and geotechnical purposes, with four 

test intervals proposed for each hole. However, on-site conditions resulted in changes to the final drill 

holes selected for testing. The final drill holes that were tested included: NSD010, NSD006, NSD005 

and NSD011. 

A complete methodology of the package testing program and raw data results obtained from each 

borehole are provided in Appendix 1. A summary of the calculated results obtained are provided in 

Table D. 
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Table D Summary of Hydraulic Parameters, Packer Tests 

Bore ID CL 

Depth
1
 

(m) 

Lithology Length 

(m) 

Depth to SWL      

(mbgl) 

Q 

(m
3
/d) 

(L/s) 

K      

(m/d)  

T      

(m
2
/d)  

    Pre-Test Post Test    

Ssaxddd

dc 

NSD010 

        

   Test 01 330 Shale (FW) 2.43 72.47 32.72 0 0 0 

   Test 02 289.5 Fractured shale 

(FW) 

2.43 72.47 
32.72 

0 0 0 

   Test 03 267 Fractured shale 

(FW) 

2.43 
72.47 32.72 

0 0 0 

   Test 04 189 Fractured chert 2.43 
72.47 32.72 

0 0 0 

   Test 05 181 Fractured chert 2.43 
72.47 32.72 

0 0 0 

   Test 06 139 Fractured BIF 2.43 
72.47 32.72 

0 0 0 

NSD006         

   Test 01 54 Fractured/ 

Mineralized BIF 

4.06 49.7 Unknown 6.18 

(0.07) 

3.1x10
-3

 1.26x10
-2

 

   Test 02 185 Fractured/ 

Weathered BIF 

4.06 49.7 Unknown 0 0 0 

NSD005         

   Test 01 36 Weathered BIF 4.06 45.64 Unknown 36.73 

(0.43) 

8.1x10
-2

 3.3x10
-1

 

NSD011         

   Test 01 55 Cherty fractured 

BIF 

4.06 35.7 Unknown 0 0 0 

   Test 02 171 Country rock 

shale 

4.06 35.7 Unknown 0 0 0 

Notes: 
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Bore ID CL 

Depth
1
 

(m) 

Lithology Length 

(m) 

Depth to SWL      

(mbgl) 

Q 

(m
3
/d) 

(L/s) 

K      

(m/d)  

T      

(m
2
/d)  

1) Centre line depths are based on inclined holes 

5.4.3 Discussion 

SHALE COUNTRY ROCK (FOOTWALL)  

The shale country rock within the footwall was tested at well NSD010, which is located on the west 

side of the deposit and intersects at the location of the currently planned reserved pit west wall. Four 

test sections, each 2.43 m in length, were performed from inclined centre line (CL) depths of 330 , 

289.5 m, 267.08 m and 181 m within the country rock. All four test sections failed to accept flow up to 

an injected pressure of 1,500 kPa. An additional test at a CL depth of 181 m was also performed and 

also failed to accept any flow up to 1,000 kPa (Table D).  

The initial water level (pre-test) at NSD010 was 72.47 metres below ground level (mbgl), whereas the 

water level remaining in the bore approximately 24 hours after packer testing was 32.72 mbgl, 

indicating the water injected during the testing had remained within the bore and had not entered the 

formation.  

SHALE COUNTRY ROCK (HANGING WALL)  

One well (NSD011) was selected to test the shale country rock within the eastern hanging wall. Unlike 

the western footwall sequence (NSD010), a sharp contact between the country (waste) rock and the 

mineralized BIF does not exist in the eastern hanging wall sequence. One test section (4.06 m in 

length) was performed at a CL depth of 171 m in the country rock shale. This test section was 

selected at a depth within the country rock that showed multiple brittle bedding-parallel fractures 

which may be open within the formation or may have opened within the core sample during drilling; 

however, no fluid flow entrance occurred during the packer testing. The country rock intersected by 

NSD011 appears to be very competent and does not show evidence of open fractures that would 

allow a significant amount of groundwater flow.  

BANDED IRON FORM ATION (BIF) 

The BIF, consisting of weathered and non-weathered rock, hosts mineralisation, strikes roughly north-

south and dips to the east. The weathered portion of the Banded Iron Formation (BIF) was tested at 

wells NSD006 and NSD005. NSD006 is located on the east side of the BIF on the north side of the 

Site, whereas NSD005 is located centrally within the BIF, in the southern half of the North Star 

deposit (Figure 4-2).  
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The first test performed on the weather BIF was in well NSD006, at a CL depth of 54 m. This was the 

shallowest depth below solid casing that the formation could be safely packer tested. Fractures noted 

within this section of core displayed light tan coloured oxidation features, which is indicative of fluid 

flow through this section (Appendix 1). It is assumed that this section is representative of the base of 

the weathered zone, which is thought to be the most permeable zone within the deposit.  

At a pressure of 800 kPa (80 m pressure head), the formation began accepting flow at an average 

rate of 2 m
3
/d. A formal test was then conducted where the pressure was increased then decreased in 

five stages from 600 to 1000 kPa and the pressure versus flow relationship was recorded (Figure 5-3; 

Table D).  

The pressure vs. flow relationship (Figure 5-3) shows an increase in flow during recovery when 

compared to the same applied pressure during the initial increasing pressure phases. This indicates 

permeability of the formation has likely increased with pumping, indicating the fractures may have 

been cleaned or hydraulically opened during injection. Calculated transmissivities increase from 

9.8 x 10
-3

 m
2
/d at the beginning of testing to 2.9 x 10

-2
 m

2
/d at the end of testing, which is generally 

within an order of magnitude and is not considered significant. Based on an aquifer thickness of 

4.06 m, a transmissivity value of 1.26 x 10
-2

 m
2
/d was calculated from the hydraulic conductivity value 

of 3.1 x 10
-3 

m/d for this test section (Table D).  

 

Figure  5-3 Water injection pressures used during testing of NSD006, Test Section 1 

A second test of the weathered BIF was performed at well NSD005, at a CL depth of 36 m. An initial 
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corresponding flow of 6.2 m
3
/d. Water supply issues meant the test had to be abandoned and re-

started. The first injection pressure after the re-start was 100 kPa which resulted in a flow of 

17.28 m
3
/d. Increases in flow with time are also observed during the second test, as is shown in 

Figure 5-4. 

 

Figure  5-4 Water injection pressures used during testing of NSD005, Test Section 1 

Based on an aquifer thickness of 4.06 m, an average hydraulic conductivity value of 8.1 x 10
-2

 m/d 

and a transmissivity value of 3.3 x 10
-1

 m
2
/d were calculated for this test section. The transmissivity 

value obtained is slightly higher than the value noted at NSD006 (1.2 x 10
-2

 m
2
/d). Higher 

transmissivities were encountered in this test section which may indicate that the permeability of the 

weathered BIF zone increases with decreasing depth; however, this would need to be confirmed with 

further testing. As well, due to the shallow weathered zone being cased in all packer testing holes, an 

upper limit of transmissivity was not able to be fully evaluated. The test was also conducted above the 

water table, which may have contributed to higher rates of flow. 

Packer testing was also performed on unweathered zones of the BIF at wells NSD010, NSD006 and 

NSD011. Test sections were performed on NSD010 at a CL depth of 139 m, NSD006 at a CL depth 

of 185 m and NSD011 at a CL depth of 55 m; however all of these test sections failed to accept any 

flow up to a pressure of 1,000 kPa. The lack of flow into the unweathered BIF zone provides 

supporting data that indicates the unweathered BIF zone is comprised of a low permeability material 

that does not readily transmit water and likely does not contain a significant volume of groundwater.    
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5.5 Aquifer Testing 

Aquifer testing was conducted using four existing bores (GWV06, GWV07, Gusboy and Packer) 

completed within the alluvial and weathered aquifer, as shown on Figure 3-1. GVW06 and Packer 

bore are aligned with the inferred north eastern extension of the NE-SW trending shear zone, as 

identified by FMG, which transects the northern section of the ore deposit. These bores were tested 

to obtain data on possible groundwater within the weathered zone which may eventually supply the 

shear zone. In addition, NS0128, which is situated within the shear zone and was reported to have 

produced significant groundwater flow during drilling, was cased and an aquifer test was also 

conducted on this bore.  

Hydraulic parameters of transmissivity and hydraulic conductivity were calculated based on recorded 

drawdown in the pumping bores; however, observation wells were not available for any of the 

boreholes tested, therefore storativity calculations have not been performed, but have been assumed 

based on literature values for the purposes of the groundwater model. Drilling information (i.e. 

lithology) was not available for the boreholes; therefore for the purposes of this assessment (e.g. 

calculation of aquifer thicknesses), it has been assumed that the bores fully penetrate the depth of the 

alluvial aquifer. It is also assumed that the weathered zone of the catchment recharge zone is similar 

to the mineralized deposit. Available bore construction details are shown on Figures 5-5 and 5-6.  

Atmospheric pressure was estimated to remain relatively constant during testing based on pressure 

recordings taken by the pressure transducer (Schlumberger Diver
TM

) before and after the Diver was 

lowered into the bores for testing. PVC piping was extended approximately 60 m from the well in a 

down slope direction to prevent discharge contributing to recharge of the well being tested.  

Transmissivity values were obtained from primarily the recovery portion of the pumping tests. The 

intent of the exercise was to gain readily available information from existing wells in order to have a 

relatively realistic transmissivity value for subsequent input into a simple groundwater flow model.  
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5.5.1 Results 

Aquifer properties calculated through the use of the analytical solutions are provided in Table E. 

Those deemed to be most reflective of the alluvial aquifer with regards to each pumping test have 

been summarized under each respective heading. A complete methodology of the aquifer testing 

program and raw data results obtained at each borehole are provided in Appendix 2 and a description 

of the analyses and results of each test are provided below.  

Table E Summary of Hydraulic Parameters, Aquifer Tests 

Bore ID Depth
1
 (m) Q      

(m
3
/d) 

Q      

(L/s) 

b         

(m) 

T      

(m
2
/d) 

K      

(m/d) 

Comments 

GVW06 54.7 17.3 0.20 42 0.32 7.92x10
-3

  

GVW07 69.7 30.2 0.35 58 0.79 1.35x10
-2

  

Gusboy 29.6 61.3 0.71 30 0.70 2.13x10
-2

 Existing camp water supply 

Packer 37.5 58.8 0.68 42 2.30 5.48x10
-2

 Existing exploration water supply 

NS0128 119.5 --- --- --- 4.30 2.11x10
-2

  

Notes:  

1) Depth is based on inclined depth of borehole 

5.5.2 Discussion 

The alluvial/weathered aquifer is interpreted to range from a thickness of 30 m (Gusboy) up to 58 m 

(GVW07) across the northern portion of the North Star site. Existing bores GVW06 and Packer, along 

the east side of the ore deposit, identified an alluvial aquifer thickness of approximately 42 m. Prior to 

the pumping tests commencing, step-drawdown tests were conducted to estimate the appropriate 

pumping rates for the eight hour pumping tests. The average rate of pumping was between 0.2 L/s 

and 0.7 L/s.  

Pumping test data have been analyzed with the AQTESOLV software package (Version 4.5; 

HydroSOLVE Inc. 2007), using the methods of Theis (1935), Cooper-Jacob (1946) and Neuman for 

an unconfined aquifer. All analytical solutions consider unsteady-state conditions and the assumption 

that the aquifer of an infinite areal extent; however, the assumption of the analytical solutions is 

somewhat compromised with respect to the assumption of infinite extent. In light of this limitation, 

hydraulic parameters have been estimated using only the initial portion of the pumping test data (mid-

time data), collected prior to the drawdown cone impending upon and responding to an aquifer 

boundary.  
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For each well, drawdowns versus time graphs on a logarithmic scale have been provided as Figures 

5-7 to 5-10.  

Figure 5-7 Log-log plot of constant rate test results for GVW06 

 

Figure  5-8 Log-log plot of time drawdown data for GVW07 
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Figure  5-9 Log-log plot of time drawdown data for Gusboy Bore 

 

 

Figure  5-10 Log-log plot of time drawdown data for Packer Bore 
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In bores GVW06 and Gusboy, drawdown appears to increase at 180 minutes and 100 minutes, 

respectively, suggesting that an aquifer boundary (or impermeable formation) may have been 

reached at this time. As such, fitting of the analytical solutions has been performed prior to these 

times.  

The pumping tests performed at GVW06, GWV07 and Gusboy yielded similar transmissivity values 

(0.32, 079 and 0.70 m
2
/day), while the transmissivity values calculated at Packer (2.30 m

2
/day) and 

NS0128 (4.30 m
2
/day) were an order of magnitude higher. Hydraulic conductivity (K) values 

calculated from transmissivity values and aquifer thicknesses, ranged from 7.92 x 10
-3

 to 

5.48 x 10
-2

 m/d. These resultant transmissivity values are considered to be very low and provide an 

indication that groundwater flow through the alluvial aquifer is likely to be considered low. It is noted 

that the highest transmissivity value (4.3 m
2
/day) was reported at NS0128, a bore located along a 

shear zone, which could be a potential source of groundwater. These hydraulic parameters were 

used to define groundwater parameters within the groundwater model. The purpose of developing the 

model was to quantify potential recharge from the alluvial/weathered zone relative to the shear zone.  

5.6 Groundwater Modelling 

Originally a Feflow slice model was used to evaluate pit inflow; however, it was later determined that 

for the purpose of this investigation, a simpler Modflow model would suffice.  The reserve pit was 

reported by Golder (2011) to have a life of 30.6 years and is estimated to have a surface area of 

393.5 ha. Based on the estimated mine life of 25 years it was assumed this pit represented the 25 

year pit stage. Two interim pit stages were added to model simulations at 5 years and 15 years by 

subdividing the depth of the pit into even fractions.  

5.6.1 Conceptual Model Overview 

A conceptual hydrogeological cross section through the orebody was created using lithological data 

obtained from exploration RC and diamond drilling conducted by FMG (Figure 6-1). Geological data 

to the east and west of the deposit has been supplemented using data from the 1:100 000 map sheet 

(Van Kranendonk, 1999). This section extends from west to east along northing 7648800 mN 

(MGA50), as shown on Figure 6-1.  
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Figure 6-1 Cross section though 7648800 mN 
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Originally it was considered that the difference in competency in the mineralised BIF of the North Star 

deposit and the surrounding country rock would yield different transmissivity readings for these units; 

however, packer testing results noted there was minimal transmissivity in the mineralised BIF, the 

eastern wall shale and the western wall chert. As a result, all unweathered basement units were 

modelled as a single unit. For the purposes of the model simulation, unweathered basement was 

given a range of conductivities based on literature values of fractured and un-fractured igneous and 

metamorphic rock (Freeze and Cherry 1979). 

The depth of the alluvial aquifer is unknown as bore logs were not available from bores drilled within 

the aquifer at the time of the investigation; therefore, the alluvials were estimated to be approximately 

60 m deep, based on the final depth of the bores. Static groundwater level measurements from the 

weathered zone, displayed on the conceptual cross section (Figure 6-1), vary in height over a 

relatively short distance, which may indicate groundwater in the weathered zone is 

compartmentalised by sub-vertical bedding planes causing the water to be perched at the base of the 

weathered zone. The connectivity of the alluvial aquifer to the weathered zone of the deposit is 

unknown but suspected. A connection between the two zones was simulated by the modelling in 

order to achieve a conservative estimate of pit inflow. 

The NNE-SSW trending shear zone, which intersects the ore body in the northern portion of the site, 

is a potential source of groundwater drainage for the weathered BIF zone and adjacent alluvial 

deposits. The connection between the shear zone, weathered BIF and alluvial deposits was 

incorporated into the model to allow for potential hydraulic connectivity between these units and 

estimate potential pit inflow volumes as a result.  

5.6.2 Visual Modflow: 3D Block Model 

Visual Modflow was used to create a simplified 3D block model with three layers which represented 

the weathered zone, the alluvial aquifer and the basement. The extents of the model were 

709960 mE to 716160 mE and 7646590 mN to 7653690 mN.  

A baseline set of parameters, which reflected values obtained from packer and pumping test results, 

were first tested. Sensitivity testing was then performed on the model to assess various parameters 

including, hydraulic conductivity, specific yield and recharge. Storage values were estimated, using 

literature values (Freeze and Cherry 1979), for the model and a range of unconfined storage values 

were applied to the model in order to calculate a likely range of resulting pit inflows. A detailed 

summary of the hydraulic parameters used during the sensitivity testing and a summary of the 

resulting pit inflow volumes are provided as Table F. 

A complete description of the 3D block model construction, including boundary/initial conditions, 

calibration and sensitivity testing, is provided in Appendix 3. A cross-section along 7648823 mN in the 

3D block model is shown as Figure 6-2.  
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Figure 6-2 Visual Modflow 3D block model in cross section (along 7648823 mN)  
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Table F Modelled Hydraulic Parameters and Resulting Total Pit Inflow Volumes 

 

 

Total Volume Total Volume Total Volume

Weathered Alluivials Basement Shear Zone Weathered Alluivials Basement Shear Zone Weathered Alluivials Basement Shear Zone L/s m
3
/d GL L/s m

3
/d GL L/s m

3
/d GL

1. Baseline 0.08 0.02 1.00E-09 1.00E-09 0.008 0.002 1.00E-09 1.00E-09 0.03 0.03 0.003 0.003 0.0001 0.2 16.7 (5%) 19 1605 2.93 12 1061 5.81 10 902 8.23

2. Kbasement = Kalluvials 0.08 0.02 0.02 0.02 0.008 0.002 0.002 0.002 0.03 0.03 0.003 0.003 0.0001 0.2 16.7 (5%) 21 1792 3.27 15 1261 6.90 13 1112 10.15

3. Kweathered zone x 10 0.8 0.02 1.00E-09 1.00E-09 0.08 0.002 1.00E-09 1.00E-09 0.03 0.03 0.003 0.003 0.0001 0.2 16.7 (5%) 42 3588 6.55 24 2097 11.48 19 1661 15.16

4. Kweathered zone x 100 8 0.02 1.00E-09 1.00E-09 0.8 0.002 1.00E-09 1.00E-09 0.03 0.03 0.003 0.003 0.0001 0.2 16.7 (5%) 64 5489 10.02 34 2958 16.20 25 2139 19.51

5. Kalluvials x 10 0.08 0.2 1.00E-09 1.00E-09 0.008 0.02 1.00E-09 1.00E-09 0.03 0.03 0.003 0.003 0.0001 0.2 16.7 (5%) 28 2389 4.36 16 1401 7.67 13 1092 9.97

6. Sy x 10 0.08 0.02 1.00E-09 1.00E-09 0.008 0.002 1.00E-09 1.00E-09 0.3 0.3 0.03 0.03 0.0001 0.2 16.7 (5%) 61 5253 9.59 35 3013 16.50 27 2333 21.29

7. Shear Zone 0.08 0.02 1.00E-09 0.021 0.008 0.002 1.00E-09 0.0021 0.03 0.03 0.003 0.003 0.0001 0.2 16.7 (5%) 20 1700 3.10 12 1072 5.87 11 910 8.30

8. Increased Recharge 0.08 0.02 1.00E-09 1.00E-09 0.008 0.002 1.00E-09 1.00E-09 0.03 0.03 0.003 0.003 0.0001 0.2 83.5 (25%) 26 2240 4.09 25 2143 11.73 28 2421 22.09

Ss (1/m)
Effective 

Porosity

Recharge 

Rate 

(mm/yr)

Sensitivity Analysis Kh (m/d) Kv (m/d) Sy Average Rate Average Rate Average Rate

Up to 25 yearsUp to 15 yearsUp to 5 years
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Table G contains a summary of the ranges of hydraulic parameters used in the groundwater model to 

derive pit inflow volumes. 

Table G Modelled hydraulic parameters and resulting total pit inflow volumes 

 Conductivity Kh 

(m/d) 

Conductivity Kv 

(m/d) 

Specific 

Yield (Sy) 

Recharge 

(mm/yr) 

Weathered Rock 8 to 0.08 0.8 to 0.008 0.3 to 0.03 16.7 to 83.5 

Alluvial Sediments 0.2 to 0.02 0.02 to 0.002 0.3 to 0.03 16.7 to 83.5 

Fractured Rock 0.02 to 1x10-9 0.002 to 1x10-9 0.03 to 0.003 16.7 to 83.5 

Shear Zone 0.021 0.0021 0.003 16.7 

Rainfall recharge to the weathered zone of the deposit and the surrounding unconsolidated alluvial 

aquifer was assumed to be uniform across the site, including the pit. A range of recharge percentage 

values relative to rainfall, of 5% (16.7 mm/yr) to 25% (83.5 mm/yr), were used. Annual rainfall 

estimates were derived from averaging three of the closest rainfall stations in a given year.  

5.6.3 Results and Discussion 

A summary of modelling results from the Visual Modflow model are presented in Table H, while a full 

list of iteration parameters and results from each iteration is presented in Appendix 3. 

Table H Estimated Pit Inflow Volumes, based on 3D Block Model 

 Pit Stages 

 Stage 1 

(5 yr) 

Stage 2 

(15 yr) 

Stage 3 

(25 yr) 

Average Rate (L/s) 19 to 64 12 to 35 10 to 28 

Average Rate (m
3
/d) 1,605 to 5,489 1,061 to 3,013 902 to 2,421 

Cumulative Total (GL) 2.9 to 10.0 5.8 to 16.5 8.2 to 22.09 

Baseline parameters resulted in an average rate of discharge to the pit over the life of the mine (25 

years) of 0.3 GL/annum. An increase in hydraulic conductivity of each layer was sensitivity tested. 

Increases in hydraulic conductivity within the weathered zone (up to 3 orders of magnitude greater) 

resulted in the largest comparative pit discharge volumes (i.e. from 0.3 GL/annum to 0.78 GL/annum), 

while a significant increase in conductivity in the basement (by 7 orders of magnitude) resulted in a 

comparatively low increase in pit inflow volume (8.2 GL to 10.2 GL) over the 25 year life span.  
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The range of specific yield values tested over a single order of magnitude resulted in a significant 

increase in pit inflow volumes (8.2 GL to 21.3 GL over a 25 year period). This indicates the 

groundwater system is very sensitive to storage. It should be noted that storage values were based 

on literature values and that further aquifer testing would be required to obtain more accurate values 

for site conditions.  

Simulation of the shear zone intersecting the pit was done by creating a 100 m wide section of high 

hydraulic conductivity material through the basement layer continuing to depth, which was in contact 

with the overlying weathered zone and the alluvial aquifer. A hydraulic conductivity value for the shear 

zone of 0.021 m/d was obtained from pumping test results from NS0128. The simulation of the shear 

zone resulted in an increase in total pit inflow volume from 8.2 GL to 8.3 GL over a period of 25 years, 

indicating an overall pit inflow volumes may not be particularly sensitive to the presence of a high 

hydraulic conductivity zone intersecting the pit.  

Varying the recharge to the model domain from 5% to 25% of annual average rainfall resulted in an 

increase in pit inflow volume from 8.2 GL to 22.1 GL, indicating inflow calculation estimates are 

recharge volume dependant. Long term rainfall and groundwater monitoring data is required to 

accurately estimate the volume of recharge which is contributed annually to pit inflows.  

Calculations of dewatering volumes have been estimated using two separate groundwater modelling 

software programs and have been based on hydraulic parameters obtained during packer testing, 

aquifer testing and a single reserve pit. The 3D block model (developed in Visual Modflow) most 

accurates represents site conditions (i.e. unconfined aquifer) and was used to estimate total pit 

dewatering volumes. Total pit dewatering volume estimates calculated for the reserve pit, for a 25-

year pit life, range from 8.2 to a conservative estimate of 22.1 GL, with a maximum average rate of 

3,013 m
3
/day (approximately 35 L/s). It is assumed that this volume of water can likely be managed 

using sump pumps.  
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

A groundwater field program was conducted to estimate hydraulic parameters for various geological 

units within the North Star site. Packer testing was performed on country rock (shales) within the 

hanging wall and footwall of a NNE-SSW trending shear zone which intersects the ore body, as well 

as weathered and unweathered zones of the BIF adjacent to the ore body. A lack of flow within test 

sections of country rock and unweathered zones of the BIF indicates that the transmissivity values of 

these rocks are likely very low and thus, they are likely not a significant source of groundwater within 

the area. Transmissivity values calculated within the weathered BIF units ranged from 1.26 x 10
-2

 

m
2
/day to 3.3 x 10

-1 
m

2
/day, indicating groundwater can be more readily transmitted through the 

weathered BIF, but that the transmissivity values are still very low within this unit.  

Aquifer testing of the alluvial/weathered aquifer was also performed at five well bores (GVW06, 

GVW07, Gusboy, Packer and NS0128). Calculated transmissivity values from the aquifer testing 

program ranged from 0.32 to 4.3, generally a magnitude or two higher than the results obtained from 

the packer testing, but overall still considered to be low transmissivity values. It is noted that the 

highest transmissivity value was calculated at bore NS0128, located within 100 m of the shear zone 

which is considered to be a potential source of groundwater.  

Calculations of dewatering volumes have been estimated using Visual Modflow groundwater 

modelling software and are based on hydraulic parameters obtained during packer testing, aquifer 

testing and a single reserve pit. Total pit dewatering volume estimates calculated for the reserve pit, 

for a 25-year pit life, range from 8.2 to 22.1 GL, with a maximum average rate of 3,013 m
3
/day 

(approximately 35 L/s). A range of hydraulic parameters were used to refine the model and determine 

the sensitivity of specific parameters within it.  

Based on the calculated volumes of water expected, groundwater availability from the permeable 

country rock that hosts the ore deposit and overlying alluvial aquifer is likely to be minimal. Nuisance 

water at the pit can likely be maintained through the use of sump pumps during mining operations. 

Small excavated areas located at areas along the pit wall which yield groundwater from fractured 

zones, developed with a floating sump pump, capable of discharging up to 40 L/s to the pit surface 

should be adequate. Should a major structure be encountered within the rock mass (e.g. faults or joint 

swarms), significant local groundwater inflows may be possible; however it is expected that this 

increase in inflow would be temporary and could be still be controlled through the use of a sump 

pump system. 

In the future, to accurately design a groundwater system that meets the specific needs of the mine, 

more detailed information would be required, including a finalized pit design plan (i.e. known 

dimensions of specific areas to be dewatered and depths to which water levels must be lowered 
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during particular phases of mining), plans for disposal of groundwater removed (including temporary 

storage, if required) and geochemistry data to evaluate the water quality of the dewatered 

groundwater.  

6.2 Recommendations 

Based on the field data collected to date, the following recommendations have been made:  

• rainfall monitoring equipment should be installed to provide local precipitation data and 

installation of pressure transducers within select monitoring wells to enable monitoring of static 

water levels and correlation with precipitation data; 

• a multi-day aquifer test (e.g. 48-hours), including observation wells is required to obtain 

reasonable estimates of storage for the deposit and surrounding alluvial aquifer; 

• further groundwater testing may be conducted within the deposit and at faulting locations that 

intersect the deposit to determine the anisotropy of vertical and hydraulic conductivity created by 

the fractures and bedding orientation, if required; 

• the effects of the development of the TSF and any other significant waste storage material 

facilities over the course of the pit development should be simulated to determine potential 

impacts of seepage and elevated groundwater levels in the vicinity of the TSF on pit inflow;  

• Existing groundwater sampling analysis should be examined and further water chemistry sampling 

should also be carried out to assess the quality of water discharge which may be encountered during 

pit dewatering. Additional geochemistry testing could be conducted to estimate areas of recharge, 

discharge and mixing zones; and 

• pit inflow estimations were based on a single reserve pit geometry. Pit inflow estimates should be 

revised during more advanced stages of pit planning.  

6.3 Data Limitations 

Several limitations exist with regards to available data and data collected during the field program. 

Where such limitations occur, and where applicable, the most conservative values or estimates have 

been used. Groundwater levels within the weathered-fractured zone of the deposit may fluctuate 

significantly in response to direct rainfall; however, no long term monitoring data from within the 

deposit is available to evaluate potential fluctuations.  

Inherent limitations exist with regards to the packer and aquifer testing methods used and data 

obtained from these field programs. The packer testing was undertaken using existing available 

diamond drill holes. Upon commencement of packer testing, it was apparent development of the 
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diamond drill holes had not been sufficient to remove considerable amounts of grease from the walls 

of the formation within the drill holes. It is unclear what effect, if any, the presence of this grease had 

on the packer testing results; however, it should be taken into consideration when assessing the 

ability of the data to represent a full range of hydraulic conductivities for the deposit.  

The Packer test itself presents further limitations. Packer tests are spatially limited as they only test 

the formation immediately surrounding the test section, within a radius approximately three times the 

length of the test section (Bliss and Rushton, 1984). Further the anisotropy of conductivity and 

compartmentalisation of groundwater flow, possibly consequential of preferential flow though fracture 

zones and sub-parallel bedding planes, cannot be detected by taking readings from an injection test 

on a single drill hole. Further investigation, involving observations in multiple drill holes, could be 

required to ascertain a ratio of anisotropy resulting from preferential flow and the uniformity of 

anisotropy through the formation.  
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Appendix 1 Packer Testing Methodology and Results 
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Methodology 

The procedure for packer testing typically consists of three to five ascending pressure steps followed 

by two to four recovery pressure steps. At each step the injection pressure is held constant until 

steady-state flow conditions are achieved. The choice between using three or five ascending pressure 

steps will depend on the capacity of the pump system, the permeability of the formation and the 

adopted pressure increments. Typically a three step test will be adopted initially which can be 

increased to five during the test if there is sufficient range left in the pump.  
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Raw Data 

NSD010 

Easting:   713242.08 m  

Northing:  7648000.05 m 

RL:   395.21 mAHD 

Depth:  334.13 m 

Dip/Azimuth: -60/270 

Diameter:  140 mm (PQ) 

Casing Depth:  90 m 

 

 

NSD010 is located on the western side of the deposit and intersects at the location of the currently 

planned reserve pit western wall. The diamond hole intersects the weathered zone, the underlying 

fractured BIF and the shale country rock, which shares a sharp contact with the BIF oriented parallel 

to bedding. This hole was selected for testing because of its location in the proposed footwall. 

Four test sections were initially proposed for NSD010 in order to evaluate the hydraulic properties of 

the fractured BIF of the deposit and the shale of the footwall sequence. Due to difficulties 

encountered during drilling the hole was cased to a depth of 90 m, which is past the weathered zone 

contact at 75.4 m. Subsequently hydraulic properties of the weathered zone were not able to be 

tested in NSD010.  

The test sections were each 2.43 m long and centred at; 330 m, 289.5 m, 267.08 m and 189 m. 

These four test sections failed to accept flow up to an injected pressure of 1500 kPa. Two additional 

test sections were then nominated at 181 m and 139 m. Both of these test sections also failed to 

accept any flow up to 1000 kPa. 

A complete lack of flow is unusual and indicates either the formation is impermeable and accepts no 

flow through the rock matrix or the fractures or that the drill hole is dirty/has not been properly 

developed, and fractures in the walls of the drillhole have become clogged with debris during drilling. 

When the packer assembly was retrieved from the hole a considerable amount of grease used during 

drilling was found on the outside. This indicates the hole was not able to be cleaned properly after 

 NSD010 
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drilling and the cleaning process may have forced grease and other dirt into the fractures, preventing 

them from accepting flow.  

TEST SECTION 1 

Depth (Centre): 330 m  

Lithology:  Shale (footwall) 

Length of Section: 2.43 m 

Depth to SWL 

Pre-test: 72.47 mbgl (inclined) 

Post-test: 32.72 mbgl (inclined) 

 

Average Discharge (Q) = 0 m
3
/d 

Conductivity (K) =  0 m/d 

Transmissivity (T) =  0 m
2
/d 

 

Test section 1 was selected to represent typical shale of the footwall sequence, which shows 
evidence of ductile deformation and minor brittle fracturing/jointing. The test section accepted no flow 
up to an injection pressure of 1000 kPa and was abandoned. 

TEST SECTION 2 

Depth (Centre): 289.5 m  

Lithology: Fractured shale (footwall) 

Length of Section: 2.43 m 

Depth to SWL 

Pre-test: 72.47 mbgl (inclined) 

Post-test: 32.72 mbgl (inclined) 

Average Discharge (Q) = 0 m
3
/d 
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Conductivity (K) =  0 m/d 

Transmissivity (T) =  0 m
2
/d 

 

 

This test section was selected to represent a fractured section of the country rock shale. The lithology 
in this section appears to be more friable, however fractures within this section, as in the rest of the 
hole, may be predominantly caused from drilling action. Intact fractures do not appear to have large 
apertures. The test section accepted no flow up to an injection pressure of 1500 kPa and was 
abandoned. 
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TEST SECTION 3 

Depth (Centre): 267 m  

Lithology: Fractured shale (footwall) 

Length of Section: 2.43 m 

Depth to SWL 

Pre-test: 72.47 mbgl (inclined) 

Post-test: 32.72 mbgl (inclined) 

 

Average Discharge (Q) = 0 m
3
/d 

Conductivity (K) =  0 m/d 

Transmissivity (T) =  0 m
2
/d 

This test section was chosen within another fractured section of the country rock shale, which 
displayed fractured bedding planes. The test section accepted no flow up to an injection pressure of 
1500 kPa and was abandoned. 

TEST SECTION 4 

Depth (Centre): 189 m  

Lithology: Fractured chert 

Length of Section: 2.43 m 

Depth to SWL 

Pre-test: 72.47 mbgl (inclined) 

Post-test: 32.72 mbgl (inclined) 

 

Average Discharge (Q) = 0 m
3
/d 

Conductivity (K) =  0 m/d 
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Transmissivity (T) =  0 m
2
/d 

 

This test section is above the footwall shale contact, within a fractured portion of chert which is found 
through the deposit interbedded with mineralised BIF. The test section accepted no flow up to an 
injection pressure of 1500 kPa and was abandoned. 
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TEST SECTION 5 

Depth (Centre): 181 m  

Lithology: Fractured chert 

Length of Section: 2.43 m 

Depth to SWL 

Pre-test: 72.47 mbgl (inclined) 

Post-test: 32.72 mbgl (inclined) 

 

Average Discharge (Q) = 0 m
3
/d 

Conductivity (K) =  0 m/d 

Transmissivity (T) =  0 m
2
/d 

 

This test section is again within a fractured portion of chert. This section displayed some open 
fractures possibly caused by dissolution of the rock matrix . These fractures which may convey 
groundwater flow. The test section accepted no flow up to an injection pressure of 700 kPa and was 
abandoned. 

TEST SECTION 6 

Depth (Centre): 139 m  

Lithology: Fractured BIF 

Length of Section: 2.43 m 

Depth to SWL 

Pre-test: 72.47 mbgl (inclined) 

Post-test: 32.72 mbgl (inclined) 
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Average Discharge (Q) = 0 m
3
/d 

Conductivity (K) =  0 m/d 

Transmissivity (T) =  0 m
2
/d 

 This section was selected as a representative section of fractured BIF which hosts mineralisation. 

These fractures which may convey groundwater flow. The test section accepted no flow up to an 

injection pressure of 200 kPa and was abandoned. NSD010 was dipped the day after packer tests 

were completed. The groundwater level at that time was 32.7 mbgl, indicating the water injected 

during testing had remained within the hole and had not entered the formation. The lack of flow into 

the formation may be a characteristic of the formation, which is supported by the lack of significant 

open fracturing observed in the drill core. The formation was fouled with grease however, which may 

have reduced the permeability of the units tested. Modelling therefore was used to test a possible 

range of hydraulic properties for the units tested, in order to determine the sensitivity of dewatering 

estimates to permeability of the mineralised BIF and the footwall shale.  
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NSD006 

Easting:   713191.72 m  

Northing:  7649192.17 m 

RL:   388.21 mAHD 

Depth:  263 m 

Dip/Azimuth: -60/270 

Diameter:  140 mm (PQ) 

Casing Depth:  36 m 

NSD006 is located on the east of the BIF unit which hosts mineralisation and is inclined to the west. 

Following the lack of success achieved in packer testing NSD010 it was concluded that it should 

initially be determined if any section of NSD006 would accept water before individual sections were 

tested. A single packer assembly was placed just below the solid casing of NSD006 and water was 

injected into the hole for duration of three hours to ensure water was entering the formation and not 

just filing the drill hole. The casing of NSD006 was again fouled with drilling grease, which prohibited 

the dipper being used to dip water levels within the hole. Water level readings were taken in the 

adjacent RC hole NS0126. Groundwater levels in NS0126 did not rise during the initial whole of hole 

injection test. After three hours it was determined flow was entering the formation and the testing of 

individual sections was commenced.  

TEST SECTION 1 

Depth (Centre): 54 m  

Lithology: Fractured/weathered BIF 

Length of Section: 4.06 m 

Depth to SWL (NS0126) 

Pre-test: 49.7 mbgl (inclined) 

Post-test: ? 

 

Average Discharge (Q) =  6.18 m
3
/d 

 NSD006 

 NS0126 
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Conductivity (K) =    3.1 x 10
-3

 m/d 

Transmissivity (T) =  1.26 x 10
-2

 m
2
/d 

 

This section was selected at the shallowest depth below the solid casing that the formation could be 

safely packer tested. Fractures seen in the core of this section display oxidation, which is an 

indication of significant fluid flow through this section. It can be assumed this section is a 

representative of the base of the weathered zone, which is estimated to be the most permeable zone 

within the deposit.  

An initial injection pressure of 200 kPa (20 m pressure head) was initially injected into the formation. 

At this pressure no flow was accepted by the formation. Before the test was abandoned the pressure 

was increased to 800 kPa (80 m pressure head). At this pressure the formation began accepting flow 

at an average rate of 2 m
3
/d. A formal test was then conducted where the pressure was increased 

then decreased in five stages from 600 to 1000 kPa and the pressure vs. flow relationship was 

recorded (displayed in Figure A).  

The pressure vs. flow relationship (Figure A) shows an increase in flow during recovery than for the 

same applied pressure during the initial increasing pressure phases. This indicates permeability of the 

formation has increased with pumping, indicating the fractures may have been cleaned or 

hydraulically opened during injection. Calculated transimssivities increase from 9.8 x 10
-3

 m
2
/d at the 

beginning of testing to 2.9 x 10
-2

 m
2
/d at the end of testing, which was determined not to be a 

significant increase. An average transmissivity of 1.26 x 10
-2

 m
2
/d was calculated for this test section.  
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Figure A  Water injection pressures used during testing of NSD006, Test Section 1 

 

 

TEST SECTION 2 

Depth (Centre): 185 m  

Lithology: Fractured/mineralised BIF 

Length of Section: 4.06 m 

Depth to SWL (NS0126) 

Pre-test: 49.7 mbgl (inclined) 

Post-test:  

 

Average Discharge (Q) = 0 m
3
/d 

Conductivity (K) =    0 m/d 
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Transmissivity (T) = 0 m
2
/d 

 

The rest of the core for NSD006 appeared highly competent. This section was selected as 

representative of fractured mineralised BIF which contained quartz veins and fractures infilled with 

fine grained material, which could possibly indicate movement along the fracture and/or chemical 

replacement of fracture infill.  

Injection pressures were increased in four stages from 600 kPa to 1500 kPa. No flow was accepted 

by the formation at any testing stage and the test was abandoned. 

Throughout the injection testing groundwater levels were taken in NS0126, the adjacent RC hole. 

Water levels did not increase in NS0126, indicating either low transmissivity within the test sections or 

flow from NSD006 to NS0126 was impeded during or subsequent to drilling.  
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NSD005 

Easting:   713098.86 m  

Northing:  7648800 m 

RL:   385.58 mAHD 

Depth:  300 m 

Dip/Azimuth: -60/270 

Diameter:  140 mm (PQ) 

Casing Depth:  30 m 

Initially NSD004 was selected to be the next tested hole and was desirable as a tested hole as it is 

not cased through the entire weathered zone. Inspection of this hole however determined that it was 

unstable and prone to collapse and was subsequently not tested. The next nominated hole for testing 

was NSD009. Upon inspection it was determined this hole was extremely fouled with drilling grease 

and was therefore not tested. It was determined NSD005 which has been used as a geophysics 

testing control would be the cleanest and therefore most successful hole to test.  

NSD005 is located in the southern half of the North Star deposit central to the mineralisation hosting 

BIF unit and is inclined to the west. As time was limited it was determined it would be more beneficial 

to test only one section in NSD005 in order to move onto NSD011, which intersects units that will 

make up the proposed eastern hanging wall of the reserve pit. NSD005 was not able to be dipped 

due to the presence of grease on the inside of the casing preventing the dipper being lowered past 

46 m depth. A test section was selected within the weathered zone, above the water table.  

TEST SECTION 1 

Depth (Centre): 36 m  

Lithology: Weathered BIF 

Length of Section: 4.06 m 

Depth to SWL 

Pre-test: +45.64 mbgl (inclined) 

Post-test: ? 

 NSD005 
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Average Discharge (Q) = 36.73 m
3
/d 

Conductivity (K) = 8.1 x 10
-2

 m/d 

Transmissivity (T) = 3.3 x 10
-1

 m
2
/d 

An initial test was performed on this section with a starting injection pressure of 400 kPa which had a 

corresponding flow of 6.2 m
3
/d. The pressure was then increased to 800 kPa and then decreased in 

five stages. Water supply issues meant the test had to be abandoned and re-started. The first 

injection pressure after the re-start was 100 kPa which resulted in a flow of 17.28 m
3
/d. Flow 

increased considerably between tests, indicating the drillhole was developed or cleaned and/or 

fractures were hydraulically opened during injection testing. Increases in flow with time are also 

observed during the second test, as is shown in Figure B. 

 

Figure B  Water injection pressures used during testing of NSD005, Test Section 1 

Higher transmissivites were encountered in this test section indicating the permeability may increase 

with decreasing depth within the weathered zone. Due to the shallow weathered zone being cased in 

all packer testing holes, an upper limit of transmissivity was not able to be fully evaluated. The test 

was also conducted above the water table, which may have contributed to higher resultant 

transimssivities. 
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NSD011 

Easting:   713267.29 m  

Northing:  7648809.85 m 

RL:   384.2 mAHD 

Depth:  354 m 

Dip/Azimuth: -70/90 

Diameter:  140 mm (PQ) 

Casing Depth:  41 m 

 

 

NSD011 was selected for testing as it is the only drillhole which intersects units that will make up the 

proposed eastern hanging wall sequence of the reserve pit. In the eastern hanging wall sequence 

there is no sharp contact between country (waste) rock and mineralised BIF as in the western footwall 

sequence (NSD010). Two test sections were chosen for NSD011, one located at depth within the 

country (waste) rock and one shallow fractured test section just below the end of the casing. 

TEST SECTION 1 

Depth (Centre): 55 m  

Lithology: Cherty Fractured BIF 

Length of Section: 4.06 m 

Depth to SWL 

Pre-test: 35.7 mbgl (inclined) 

Post-test: ? 

 

Average Discharge (Q) = 0 m
3
/d 
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Conductivity (K) = 0 m/d 

Transmissivity (T) = 0 m
2
/d 

 

This test section was selected as a representative shallow fractured section within the host BIF, as 

the hole was cased through the weathered zone. Injection pressures were increased from 400 kPa to 

1000 kPa. As the formation took no water the test was then abandoned. 

TEST SECTION 2 

Depth (Centre): 171 m  

Lithology: Country rock shale 

Length of Section: 4.06 m 

Depth to SWL 

Pre-test: 35.7 mbgl (inclined) 

Post-test: ? 

 

Average Discharge (Q) = 0 m
3
/d 

Conductivity (K) = 0 m/d 

Transmissivity (T) = 0 m
2
/d 

This test section was selected at a depth within the country rock which showed multiple brittle 

bedding-parallel fractures which may be open within the formation or may have opened within the 

core sample during drilling. The country rock intersected by NSD011 appears to be very competent 

and does not show evidence of open fractures that would allow a significant amount of groundwater 

flow.  
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Appendix 2 Aquifer Testing Results 
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Raw Data 

GVW06 

Easting:   714862 m    

Northing:  7650008 m 

RL:   317 mAHD (GPS) 

Depth:  60.1 m 

Dip/Azimuth: -90/0 

Diameter:  100 mm (4') 

Pump Depth: 54.7 mbgl 

 

GVW06 is located on the north eastern side of the deposit within an alluvial basin, adjacent to a small 

natural drainage channel. GVW06 is the closest bore/piezometer to the deposit and is near the 

predicted alignment of the shear zone which transects the deposit identified by FMG. A step 

drawdown test was performed on GVW06 to find an appropriate rate to use for the constant rate test, 

which was determined to be 0.2 L/s.  

GVW06 

WP009 
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Figure A Log-log plot of constant rate test results for GVW06 (initial phase of interrupted test) 

 

Figure B Log-log plot of constant rate test results for GVW06 (second phase after re-start)  
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GVW06 was pumped for 1 hour and 20 mins before pumping was interrupted and a recovery test was 

performed. After the groundwater level had returned to within 5% of drawdown, pumping was 

recommenced and continued for another 6 hours before final recovery was recorded. The log-log plot 

for the constant rate test is displayed in Figure B.  

Looking at the second phase after the re-start results it appears the initial trend of constant rate 

pumping test shows greater drawdown at the beginning of the test than during the later time 

drawdown period. There is then a levelled out period where the bore may be supplied with water from 

storage (indicates delayed yield typical of the curve produced by an unconfined aquifer). Later time 

drawdown data on this curve shows an increase in drawdown rate (may be due to an impermeable 

boundary effect). Pumping was terminated at 8 hours at which time the water level was 10 m above 

the pump.   

Figure B also shows drawdown measurements from dipped levels from the vertical unnamed bore 

adjacent to GVW06 (labelled WP009 for this report) which appears to be open below 2 m depth. 

Casing construction/lithology/depth details are not available for this hole, so any drawdown results 

from this hole are not reliable. Assuming the bore is open through the same section of the aquifer as 

GVW06, the lack of significant drawdown in response to pumping of GVW06 3.5 m to the east-

southeast may indicate transimssivities are very low (which would result in a steep, narrow cone of 

depression) and/or the aquifer is unconfined (which would result in a slow propagation of the cone of 

depression) at this location. A slowly propagating cone of depression may also be due in part to the 

very low pumping rate (0.2 L/s).  

The best curve fitting was achieved using a Neuman type curve. Early time data gave the most 

consistent results.  
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GVW07 

Easting:   711334 m  
  

Northing:  7653700 m 

RL:   247 mAHD (GPS) 

Depth:  77.6 m 

Dip/Azimuth: -90/0 

Diameter:  100 mm (4') 

Pump Depth: 69.7 mbgl 

 

GVW07 was pumped for a period of 8 hours at a rate of 0.25 L/s. The log-log plot of time drawdown 

data from constant rate pumping test is displayed in Figure C. 

 

Figure C  Log-log plot of time drawdown data for GVW07 

The early time curve resembles that of an unconfined homogeneous aquifer with a delayed yield. The 

late time drawdown appears to be supressed possibly due to flow to the bore being induced from the 
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overlying unconfined aquifer. Insufficient late time data existed for analysis. The best curve fitting was 

achieved using the early time data using a Neuman type curve. 

GUSBOY BORE  

Easting:   712811 m    

Northing:  7654859 m 

RL:   263 mAHD (GPS) 

Depth:  63.8 m 

Dip/Azimuth: -90/0 

Diameter:  100 mm (4') 

Pump Depth: 29.56 mbgl 

Gusboy bore was pumped for 22 hours at a rate of 0.3 L/s at which time drawdown appeared to have 

reached pseudo-steady state at 2.3 m. The log-log plot of time drawdown data from constant rate 

pumping test is displayed in Figure D. The best curve fitting was achieved using a Neuman type curve 

for unconfined aquifers with delayed yield, with good agreement between early and late time data. 

 

Figure D  Log-log plot of time drawdown data for Gusboy Bore 
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PACKER BORE  

Easting:   716904 m    

Northing:  7653454 m 

RL:   237 mAHD (GPS) 

Depth:  46 m 

Dip/Azimuth: -90/0 

Diameter:  100 mm (4') 

Pump Depth: 37.5 mbgl 

Packer Bore was pumped for a period of 8 hours at a constant rate of 0.7 L/s. The log-log plot of time 

drawdown data from constant rate pumping test is displayed in Figure E.  

 

Figure E  Log-log plot of time drawdown data for Packer Bore 

Groundwater levels recover momentarily after 5 minutes, at which time a pseudo-steady state of 

groundwater flow appears to be reached. Overall drawdown reached 2.4 m after 8 hours of pumping. 

The best curve fitting was achieved using a Neuman type curve for unconfined aquifers with delayed 

yield, with good agreement between early and late time data. 
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NS0128 

Easting:   712694.71 m    

Northing:  7649782.88 m 

RL:   379.33 mAHD (GPS) 

Depth:  280 m 

Dip/Azimuth: -60/270 

Diameter:  140 mm 

Pump Depth: 119.5 mbgl 

NS0128 was pumped for a period of 24 hours at a constant rate of 0.8 L/s. The log-log plot of time 

drawdown data from constant rate pumping test is displayed in Figure F. Drawdown in NS0128 

appears to match a typical Neuman and Theis type curves for unconfined aquifers, having similar 

early and late time drawdown tends with a minor delayed yield response seen after approximately 10 

hours of pumping.  

 

Figure F  Log-log plot of time drawdown data for NS0128 
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Appendix 3 Groundwater Modelling Report 
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Groundwater Modelling Methodology 

A conceptual hydrogeological cross section through the orebody was created using lithological data 

obtained from exploration RC and diamond drilling conducted by FMG (Figure A). Geological data to 

the east and west of the deposit has been supplemented using data from the 1:100 000 map sheet 

(Van Kranendonk, 1999). This section extends from east to west along northing 7648800 mN 

(MGA50).  

 

Figure A  Cross section though 7648800 m 

Originally it was considered the difference in competency in the mineralised BIF and the surrounding 

country rock would yield different transmissivity readings for these units. Packer testing results 

displayed zero transmissivity in the mineralised BIF, the eastern wall shale and the western wall 

chert. As a result unweathered basement units were modelled as a single unit. As a conductivity 

equal to zero cannot be simulated, unweathered basement was given a range of conductivities based 

on literature values of fractured and unfractured igneous and metamorphic rock (Freeze and Cherry, 

1979). 

The depth of the alluvial aquifer is unknown as bore logs were not available from bores drilled within 

the aquifer (shown in green) at the time of the investigation. The alluvials were estimated to be 

approximately 60 m deep, based on the final depth of the bores and thickness of weather profiles 

determined for the deposit. A connection between the two zones was simulated by the modelling in 

order to achieve a conservative estimate of pit inflow. 
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Sensitivity Testing 

Groundwater hydraulic modelling was used to assess the sensitivity to increases in conductivity from 

the values acquired from the analysis of testing data. Storage values were estimated for the model 

and a range of unconfined storage values were applied to the model in order to calculate a likely 

range of resulting pit inflows.  

Rainfall recharge to the weathered zone of the deposit and the surrounding unconsolidated alluvial 

aquifer was assumed to be uniform across the site, including the pit. A range of recharge values were 

given which were from 5% (16.7 mm/yr) to 25% (83.5 mm/yr) of average annual rainfall estimated 

from the three closest rainfall stations.  

Table 1 contains the ranges of hydraulic groundwater parameters used in the modelling to derive pit 

inflow volumes.  

Table 1 Modelled hydraulic parameters and resulting total pit inflow volumes 

 Conductivity Kh 

(m/d) 

Conductivity Kv 

(m/d) 

Specific 

Yield (Sy) 

Recharge 

(mm/yr) 

Weathered Rock 8 to 0.08 0.8 to 0.008 0.3 to 0.03 16.7 to 83.5 

Alluvial Sediments 0.2 to 0.02 0.02 to 0.002 0.3 to 0.03 16.7 to 83.5 

Fractured Rock 0.02 to 1x10-9 0.002 to 1x10-9 0.03 to 0.003 16.7 to 83.5 

Shear Zone 0.021 0.0021 0.003 16.7 

2D Vertical Slice Model 

A 2-dimensional slice model was initially created in FEFLOW 6.0. Feflow (Version 6.0) is a finite 

element model which simulates flow and transport processes in porous media in 2D and 3D. A 2D 

vertical slice model was selected for this assessment to represent a typical east-west section through 

the formation. The simplified deposit hydrogeology presented in Section 4.4 was represented in a 

vertical section. This type of model was selected to simplify simulation of the entire deposit by 

undertaking a pit inflow calculation across a single cross section, which assumes the deposit 

hydrogeology is uniform from its northern to its southern extent.  

A complete description of the 2D vertical slice model construction, including boundary conditions, is 

provided in Appendix 3.  
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MODEL CONSTRUCTION  

The Feflow 2D vertical model is shown in Figure B The weathered zone (shown in red) has been 

connected by a significant thickness to the adjacent alluvial sediments (shown in blue). The basement 

(displayed in purple) has been amalgamated and given homogeneous hydraulic parameters.  

 

Figure B  Feflow 2D vertical slice model - close up of pit area 

BOUNDARY / INIT IAL CONDIT IONS  

The 2D cross section model assumes groundwater flow is parallel to the long edge of the cross 

section. The deposit is a topographic high and the local groundwater regime has been assumed to be 

radial with a strong component of flow towards the north west. Therefore the assumption that flow is 

parallel to the long edge of the model may be a conservative overestimate of flows to the pit. 

Contoured groundwater levels which were developed based on 2011 data and were used set initial 

heads for the 2D vertical model. Where there was a lack of data the closest reading was extrapolated 

to the edge of the model.  

The weathered and fractured parts of the deposit (referred to as weathered and fractured basement 

respectively) and the surrounding unconsolidated alluvial aquifer is assumed to be unconfined, based 

on observations made during field testing. By default Feflow 6.0 simulates vertical 2D sections as 

confined systems. Unconfined conditions may be represented using the unsaturated mode available, 

which employs the Richards equation, which is based on the Dupuit assumption that states 
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groundwater discharge in an unconfined aquifer is proportional to the saturated aquifer thickness 

(Diersch, 2009). 

Pit dewatering was represented by removing the section of the mesh above pit stage year 5 and 

inserting seepage nodes along the face of the pit, which allowed outflow from the pit. These seepage 

faces are active when the hydraulic head is higher than the elevation of the seepage face node and 

become inactive as the groundwater level drops below that elevation. The seepage faces were 

constrained to only allow outflow from the model. 

RESULTS  

Using the unsaturated mode in Feflow, the initial pit stage of 5 years was modelled and sensitivity 

tested for different values of conductivity and storage (Sy). A range of total outflow values at year 5 

was obtained from 1 to 55 GLhttp://www.learn-to-row.com.au/our-courses; however, it was concluded 

that Feflow may be limited in its estimation of pit induced drawdown in an unconfined system. Upon 

development of the Feflow model, it was determined that results could not be considered reliable 

because the pseudo-unconfined (i.e. unsaturated) representation of the system could not be applied 

successfully to this groundwater system. Therefore, in order to validate the outputs from the 2D 

Feflow model, a simple Modflow model was created.  

A 2-dimensional slice model as specified in the original proposal was initially created in FEFLOW 6.0. 

Feflow (Version 6.0) is a finite element model which simulates flow and transport processes in porous 

media in 2D and 3D. A 2D vertical slice model was selected for this assessment to represent a typical 

east-west section through the formation. The simplified deposit hydrogeology previously presented 

was represented in a vertical section. This type of model was selected to simplify simulation of the 

entire deposit by undertaking a pit inflow calculation across a single cross section, which assumes the 

deposit hydrogeology is uniform from its northern to its southern extent.  

3D Block Model 

MODEL CONSTRUCTION  

The model grid is 100 m by 100 m in the horizontal plane. The drain module was used to simulate the 

pit progression from year 0 to year 25. A representative cross section of the 3D block model is 

displayed in Figure C. The weathered zone is dark blue, the alluvial sediment is light green and the 

underlying basement is dark green.  
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Figure C Visual Modflow 3D block model in cross section (along 7648823 mN)  

All layers were given uniform conductivity and storage values. Layer 1 representing the weathered 

zone was given a minimum thickness of 1 m where it overlies the alluvial aquifer and an overall 

thickness which varied between 50 and 80 m. The alluvial aquifer (Layer 2) was given a maximum 

thickness of 60 m based on the total depth of the bores drilled in this aquifer. Where this layer 

underlies the weathered zone it was given a minimum thickness of 1 m.  

BOUNDARY / INIT IAL CONDIT IONS  

The contoured groundwater levels measured in 2011 were again used to set initial hydraulic heads in 

the 3D model. To prevent heads being greater than the ground elevation of the model, in areas where 

groundwater level data did not exist initial heads were assumed to be 10 m below unconsolidated 

alluvials and 50 m below weathered basement. Constant head boundaries were applied to the model 

boundary and a steady state model was run. The steady state model boundaries were adjusted until 

the resultant heads showed a good comparison with the initial heads. This was done to ensure the 

model was not storage limited by a lack of regional groundwater flow through the model, as little 

information exists to constrain this parameter. These resultant steady state heads were used as the 

initial heads for the transient model.  

Three pit stages were simulated using the 3D model, at 5 years, 15 years and 25 years (the reserve 

pit). The pits were simulated in the model simplistically using the drain boundary condition, which 

allows outflow from the model based on the hydraulic head, a rate determined by the properties of the 

drain, as well as the model cells. Drain cells in Layer 1 and 2 were given equivalent hydraulic 

conductivities to the baseline Kh of Layers 1 and 2. Drain cells in Layer 3 (basement) were given 

vertical conductivity 5 orders of magnitude higher than the baseline values in order to achieve 

conservative results; however the drain material was only 1 m thick, so these effects are considered 

to be minimal.  

SENSIT IVITY TESTING /RESULTS  

A baseline set of parameters, which reflected values obtained from packer and pumping test results, 

were first tested. These values are displayed in Table 2. These parameters resulted in an average 

rate of discharge to the pit over the life of the mine (25 years) of 0.33 GL/annum. 
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Table 2 Baseline parameters 

 

Conductivity  

(Kh m/d) 

Conductivity  

(Kv m/d) 
Ss (1/m) Sy Eff Por 

Recharge 

(mm/yr) 

Weathered 0.08 0.008 0.0001 0.03 0.2 

16.7 Alluvials 0.02 0.002 0.0001 0.03 0.2 

Basement 1.00E-09 1.00E-09 0.0001 0.003 0.2 



  

FORTESCUE METALS GROUP LTD 

NORTH STAR 

DEWATERING ASSESSMENT 

i:\projects\301012-01426 - dewatering, ard and surface water hydrology phase 1\2.0 reports\dewatering\rev0\north star dewatering 
assessment_rev0.docx 

 Page 85 301012-01426 : Rev 0 : 16 January 2012 

 

 

Appendix 4 Field Data and Raw Data 
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Results

HoleID GVW06

Easting 714862

Northing 7650008

RL 317 (GPS)

Stickup 0.27 magl

Ref Elev (WL) 0.44 magl

Start 25/09/2011 7:40

General values

b 42 m Aquifer saturated thickness (use watertable to base of hole)

Q 0.2 l/s Average for estimate

r 0.05 m

Test 1 - Predominantly early flow data

Visual matching using Cooper-Jacob in Aqtesolv

T 0.45 m2/day

S 3.60E-01

Hand calculation using Neuman (1975) - A Hand calculation using Neuman (1975) - B

β 0.001 A No late time data so not possible to calculate this

T 0.32 m2/day

S 3.90E-01

Kh 7.62E-03 m/day

Visual matching using Neuman (1975) in Aqtesolv - A

β 0.001 A

T 0.35 m2/day

S 4.10E-01

Kh 8.33E-03

Notes



No late time data so no Type B analysis undertaken

Test 2

Visual matching using Cooper-Jacob in Aqtesolv

T 0.45 m2/day

S 3.60E-01

Hand calculation using Neuman (1975) - A Hand calculation using Neuman (1975) - B

β 0.001 A β 0.001 B

T 0.34 m2/day T 0.65 m2/day

S 4.20E-01 Sy 5.80E-02

Kh 8.10E-03 m/day Kv 5.70E+00 m/day

Visual matching using Neuman (1975) in Aqtesolv - A Visual matching using Neuman (1975) in Aqtesolv - B

β 0.001 A β 0.001 B

T 0.32 m2/day T 0.63 m2/day

S 4.20E-01 Sy 4.80E-02

Kh 7.62E-03 m/day Kv 5.38E+00

Notes

Excluded end data in test 2 which suggests some sort of barrier effect

Calcs are pretty consistent but once more the vertical K is significantly larger.
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Results

HoleID GVW07

Easting 711334

Northing 7653700

RL 247 (GPS)

Stickup 0.345 magl

Ref Elev (WL) 0.47 magl

Start 7:30am 23/9/11

General values

b 58 m Aquifer saturated thickness (use slotted thickness)

Q 0.35 l/s Average for estimate

r 0.05 m GUESS

Visual matching (using Cooper-Jacob) in Aqtesolv on late time data 

Majority of late time data Last bit of late time data

T 13.13 m2/day T 8.1 m2/day

S 9.20E-10 S 1.60E-05

Hand calculation using Neuman (1975) - A curve Hand calculation using Neuman (1975) - B curve

β 1.5 A - early time data β 1.5 B - late time data

T 0.12 m2/day T 0.1 m2/day

S 2.70E-01 Sy 2.32E+02 ????

Kh 2.07E-03 m/day Kv 4.18E+03 ????

Seems that vertical hydraulic conductivity is significantly greater than horizontal.

Visual matching using Neuman (1975) in Aqtesolv (A curve) Visual matching using Neuman (1975) in Aqtesolv (B curve)

β 0.001 A - early time data β 0.001 B - late time data

T 0.32 m2/day T 2.6 m2/day

S 6.30E-01 Sy 1.90E+00

Kh 5.52E-03 m/day Kv 7.42E+00

Again vertical hydraulic conductivity is greater.  Also larger T than in hand calcs in the B calc

Notes
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Results

HoleID Gusboy

Easting 712811

Northing 7654859

RL 256.4 (GPS)

Stickup 0.44 magl

Ref Elev (WL) 0.44 magl

Start 22/09/2011 8:35

General values

b 30 m Aquifer saturated thickness (use slotted thickness)

Q 0.71 l/s Average for estimate

r 0.0575 m

Visual matching using Cooper-Jacob in Aqtesolv Looking at late time data

T 24 m2/day

S 2.90E-01

Hand calculation using Neuman (1975) - A Hand calculation using Neuman (1975) - B

β 1.5 β 1.5

T 0.49 m2/day T 0.7 m2/day

S 4.10E-01 Sy 2.52E+02 ???

Kh 0.017 m/day Kv 6.94E+03 m/d ???

Not sure if this makes sense, but suggests that assumption of predominantly horizontal flow is incorrect.

Visual matching using Neuman (1975) in Aqtesolv - A Visual matching using Neuman (1975) in Aqtesolv - B

β 1.5 Can't get it to work properly.

T 0.73 m2/day

S 9.20E-01

K (Kh) 0.024333333 m/day

Is not dissimilar from hand calculation
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Results

HoleID Packer

Easting 716904

Northing 7653454

RL 237 (GPS)

Stickup 0.28 magl

Ref Elev (WL) 0.512 magl

General values

b 42 m Aquifer saturated thickness (use slotted thickness)

r 0.05 m GUESS

Packer -Test 3

Start 28/09/2011 7:20

Q 0.68 l/s Average for estimate

Visual matching (using Cooper-Jacob) in Aqtesolv on late time data 

Majority of late time data

T 256 m2/day

S 2.10E-51 ~0

Hand calculation using Neuman (1975) - A curve Hand calculation using Neuman (1975) - B curve

β 0.2 A - early time data β 0.2 A - early time data

T 2.3 m2/day T 2.3 m2/day

S 3.90E-01 Sy 2.60E+03 ???

Kh 5.48E-02 m/day Kv 7.73E+03 m/day

Suggests Kv is much higher than horizontal

Visual matching using Neuman (1975) in Aqtesolv (A curve) Visual matching using Neuman (1975) in Aqtesolv (B curve)

β A - early time data β 0.2 A - early time data

T m2/day T 2.2 m2/day

S Sy 2.00E+03 ????

Kh m/day Kv m/day

Notes

Not very consistent results. Alternative assessment may be preferable



HoleID NSD005

Easting 713100 m

Northing 7648800 m

RL 380 mAHD

Total Depth 300 m

Casing Depth 30 m

Casign Stickup (vert) 0.28 magl

Casing Stickup (inc) 0.36 magl

Depth to SWL pre-test 46+ mbtoc Could not dip past 46m - testing above water table

Depth to SWL post-test ? mbtoc

Comments Hole filled with grease

Used GW from Packer Bore

Testing above water table

Test Sections CL Depth mbtoc CL Depth mAHD Q Max (m
3
/d) Q Max (L/s) T (m

2
/d) K (m\d)

1 36 348.82 133.30 1.54 3.30E-01 8.13E-02



Pipe Headloss

Flow Rate (L/s) Head Loss (kPa/m)

0 0.0

0.1 0.0

0.2 0.1

0.3 0.2

0.4 0.3

0.5 0.5

0.6 0.7

0.7 0.9

0.8 1.2

0.9 1.5

1 1.8

1.1 2.2

1.2 2.6

1.3 3.0

1.4 3.4

1.5 4.0



Hole ID NSD005

Date and Time 19/09/11 am sometime Pressure Q (m
3
/d)

CL of Test Section 36 mbtoc 100 17.28

Depth From 34.03 mbtoc 300 36

Depth To 38.03 mbtoc 500 61.92

Length TS 4.06 m 300 41.76

Diam TS 122.6 mm 100 23.04

Depth to SWL pre-test 0 mbtoc

Depth to SWL post-test ? mbtoc

Gauge Ht 0 magl

Depth of Hole 300 m

Depth of Casing 30 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 3100 kPa

Friction Loss m

Max Q (m
3
/d)

Average T (m
2
/d) 3.30E-01

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 400 25870.4

0.5 400 25870.9 0.5 40 1.44 2.12E-02 0.00 0.00

1.0 400 25872.8 1.9 40 5.47 8.07E-02 0.10 0.00

2.0 400 25876.9 4.1 40 5.90 8.71E-02 0.10 0.00

3.0 400 25881.0 4.1 40 5.90 8.71E-02 0.10 0.00

4.0 400 25885.1 4.1 40 5.90 8.71E-02 0.10 0.00

5.0 400 25889.3 4.2 40 6.05 8.92E-02 0.10 0.00

6.0 400 25893.5 4.2 40 6.05 8.92E-02 0.10 0.00

7.0 400 25897.7 4.2 40 6.05 8.92E-02 0.10 0.00

8.0 400 25901.9 4.2 40 6.05 8.92E-02 0.10 0.00

9.0 400 25906.1 4.2 40 6.05 8.92E-02 0.10 0.00

10.0 400 25910.4 4.3 40 6.19 9.14E-02 0.10 0.00

Stage2 0.00

10.75 600 25914.9 4.5 60 8.64 8.50E-02 0.10 0.00

11.0 600 25918.1 3.2 59.6497 18.43 1.82E-01 0.20 0.35

12.0 600 25938.4 20.3 59.2994 29.23 2.91E-01 0.30 0.70

13.0 600 25962.3 23.9 58.9491 34.42 3.45E-01 0.40 1.05

14.0 600 25988.6 26.3 58.9491 37.87 3.79E-01 0.40 1.05

15.0 600 26014.4 25.8 58.9491 37.15 3.72E-01 0.40 1.05

16.0 600 26039.6 25.2 58.9491 36.29 3.63E-01 0.40 1.05

17.0 600 26065.1 25.5 58.9491 36.72 3.68E-01 0.40 1.05

18.0 600 26090.4 25.3 58.9491 36.43 3.65E-01 0.40 1.05

19.0 600 26116.0 25.6 58.9491 36.86 3.69E-01 0.40 1.05

20.0 600 26140.8 24.8 58.9491 35.71 3.58E-01 0.40 1.05

20.5 600 26166.3 25.5 54.7455 73.44 7.92E-01 0.90 5.25 UNRELIABLE

Stage3 0 0.00

21.3 800 26177.9 11.6 79.6497 20.88 1.55E-01 0.20 0.35

21.5 800 26175.4 -2.5 -0.20 UNRELIABLE

22.0 800 26212.9 35.0 70.8922 72.00 5.99E-01 1.20 9.11

23.0 800 26268.9 56 74.7455 80.64 6.37E-01 0.90 5.25

24.0 800 26325.5 56.6 74.7455 81.50 6.44E-01 0.90 5.25

25.0 800 26382.0 56.5 74.7455 81.36 6.42E-01 0.90 5.25

26.0 800 26438.4 56.4 74.7455 81.22 6.41E-01 0.90 5.25

27.0 800 26495.0 56.6 74.7455 81.50 6.44E-01 0.90 5.25

28.0 800 26551.0 56 74.7455 80.64 6.37E-01 0.90 5.25

29.0 800 26608.1 57.1 73.6946 82.22 6.58E-01 1.00 6.31

30.0 800

PUMP STOPPED - RAN OUT OF WATER - TEST RECOMMENCED AT START OF 800kPa 

Stage4

35.3 0 26705.5

35.4 800 26733.0 80 0.00 0.00

36.0 800 26787.0 54 65.988 133.30 1.19E+00 1.50 14.01

37.0 800 26864.8 77.8 69.491 112.03 9.51E-01 1.30 10.51

38.0 800 26944.5 79.7 69.491 114.77 9.75E-01 1.30 10.51

39.0 800 27024.5 80 69.491 115.20 9.78E-01 1.30 10.51

40.0 800 27105.0 80.5 69.491 115.92 9.85E-01 1.30 10.51

41.0 800 27186.9 81.9 68.0898 117.94 1.02E+00 1.40 11.91

42.0 800 27268.0 81.1 68.0898 116.78 1.01E+00 1.40 11.91

43.0 800 27350.0 82 68.0898 118.08 1.02E+00 1.40 11.91

44.0 800 27431.1 81.1 68.0898 116.78 1.01E+00 1.40 11.91

Stage5 0 0.00

44.5 600 27468.9 37.8 60 108.86 1.07E+00 0.00

45.0 600 27503.5 34.6 50.8922 99.65 1.16E+00 1.20 9.11

600 27563.3 59.8 60 0.00 0.00

46.3 400 27601.5 98.0 40 108.55 1.60E+00 0.00 0.00

47.0 400 27613.0 11.5 39.2994 23.66 3.55E-01 0.30 0.70

47.5 400 27634.1 21.1 36.8473 60.77 9.73E-01 0.70 3.15

48.0 400 27654.0 19.9 36.8473 57.31 9.18E-01 0.70 3.15

RAN OUT OF WATER - COULD NOT COMPLETE TEST

TEST REPEATED IN SAME TEST SECTION

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 0 29451.0
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0.0 100 29487.0 36

0.5 100 29494.0 7 9.6497 20.16 1.23E+00 0.20 0.35

1.0 100 29500.0 6 9.6497 17.28 1.06E+00 0.20 0.35

2.0 100 29513.0 13 9.6497 18.72 1.14E+00 0.20 0.35

3.5 100 29531.0 18 9.6497 17.28 1.06E+00 0.20 0.35

4.0 100 29536.0 5 9.6497 14.40 8.81E-01 0.20 0.35

5.0 100 29550.0 14 9.6497 20.16 1.23E+00 0.20 0.35

6.0 100 29562.0 12 9.6497 17.28 1.06E+00 0.20 0.35

7.0 100 29574.0 12 9.6497 17.28 1.06E+00 0.20 0.35

8.0 100 29585.0 11 9.6497 15.84 9.69E-01 0.20 0.35

9.0 100 29597.0 12 9.6497 17.28 1.06E+00 0.20 0.35

10.0 100 29609.0 12 9.6497 17.28 1.06E+00 0.20 0.35

Stage2

13.5 300 29681.0 72.0 29.2994 29.62 5.97E-01 0.30 0.70

14.0 300 29694.0 13 28.9491 37.44 7.63E-01 0.40 1.05

15.0 300 29720.0 26 28.9491 37.44 7.63E-01 0.40 1.05

16.0 300 29746.0 26 28.9491 37.44 7.63E-01 0.40 1.05

17.0 300 29771.0 25 28.9491 36.00 7.34E-01 0.40 1.05

18.0 300 29796.0 25 28.9491 36.00 7.34E-01 0.40 1.05

19.0 300 29822.0 26 28.9491 37.44 7.63E-01 0.40 1.05

20.0 300 29847.0 25 28.9491 36.00 7.34E-01 0.40 1.05

Stage3

20.4 500 29856.0 9.0 48.9491 35.35 4.26E-01 0.40 1.05

20.5 500 29864.0 8 43.6946 86.40 1.17E+00 1.00 6.31

21.0 500 29885.0 21 46.8473 60.48 7.62E-01 0.70 3.15

22.0 500 29929.0 44 46.8473 63.36 7.98E-01 0.70 3.15

23.0 500 29973.0 44 46.8473 63.36 7.98E-01 0.70 3.15

24.0 500 30018.0 45 45.7964 64.80 8.35E-01 0.80 4.20

25.0 500 30060.0 42 46.8473 60.48 7.62E-01 0.70 3.15

26.0 500 30104.0 44 46.8473 63.36 7.98E-01 0.70 3.15

27.0 500 30146.0 42 46.8473 60.48 7.62E-01 0.70 3.15

28.0 500 30190.0 44 46.8473 63.36 7.98E-01 0.70 3.15

29.0 500 30233.0 43 46.8473 61.92 7.80E-01 0.70 3.15

30.0 500 30276.0 43 46.8473 61.92 7.80E-01 0.70 3.15

Stage4

30.2 300 30284.0 8.0 26.8473 57.60 1.27E+00 0.70 3.15

30.5 300 30292.0 8 28.9491 38.40 7.83E-01 0.40 1.05

31.0 300 30307.0 15 28.2485 43.20 9.03E-01 0.50 1.75

32.0 300 30337.0 30 28.2485 43.20 9.03E-01 0.50 1.75

33.0 300 30366.0 29 28.2485 41.76 8.72E-01 0.50 1.75

34.0 300 30394.0 28 28.2485 40.32 8.42E-01 0.50 1.75

35.0 300 30426.0 32 28.2485 46.08 9.63E-01 0.50 1.75

36.0 300 30455.0 29 28.2485 41.76 8.72E-01 0.50 1.75

37.0 300 30484.0 29 28.2485 41.76 8.72E-01 0.50 1.75

38.0 300 30514.0 30 28.2485 43.20 9.03E-01 0.50 1.75

39.0 300 30543.0 29 28.2485 41.76 8.72E-01 0.50 1.75

40.0 300 30572.0 29 28.2485 41.76 8.72E-01 0.50 1.75

Stage5

40.3 100 30576.0 4 9.2994 23.04 1.46E+00 0.30 0.70

40.5 100 30580.0 4 9.2994 23.04 1.46E+00 0.30 0.70

41.0 100 30588.0 8 9.2994 23.04 1.46E+00 0.30 0.70

42.0 100 30604.0 16 9.2994 23.04 1.46E+00 0.30 0.70

43.0 100 30619.0 15 9.2994 21.60 1.37E+00 0.30 0.70

44.0 100 30635.0 16 9.2994 23.04 1.46E+00 0.30 0.70

45.0 100 30651.0 16 9.2994 23.04 1.46E+00 0.30 0.70

46.0 100 30667.0 16 9.2994 23.04 1.46E+00 0.30 0.70

47.0 100 30682.0 15 9.2994 21.60 1.37E+00 0.30 0.70

48.0 100 30698.0 16 9.2994 23.04 1.46E+00 0.30 0.70

49.0 100 30714.0 16 9.2994 23.04 1.46E+00 0.30 0.70

50.0 100 30730.0 16 9.2994 23.04 1.46E+00 0.30 0.70



HoleID NSD006

Easting 713200 m Could not dip NSD006 - dipped twin RC hole NS0126 (280m deep) which is approx 2m away

Northing 7649200 m Also could not dip NS0086 (282m deep) or NS0087 Pipe Headloss

RL 389 mAHD - lost dipper probe down unmarked hole 10m west of NSD006 Flow Rate (L/s) Head Loss (kPa/m)

Total Depth 263 m 0 0.0

Casing Depth 36 m Steel 0.1 0.0

Casign Stickup (vert) 0.3 magl NS0126 0.22 magl 0.2 0.1

Casing Stickup (inc) 0.31 magl 0.43 magl 0.3 0.2

Depth to SWL pre-test 50.14 mbtoc at 12:12pm 17/09 0.4 0.3

Depth to SWL post-test mbtoc 0.5 0.5

0.6 0.7

0.7 0.9

Comments Hole filled with grease 0.8 1.2

Used GW from Packer Bore 0.9 1.5

Attempted initial test on whole of hole - could not fill hole to test - moved on to test sections 1 1.8

Constantly monitored water level in NS0126 to see if it intersected/was affected by NSD006 1.1 2.2

1.2 2.6

Test Sections CL Depth mbtoc CL Depth mAHD Q Ave (m
3
/d) T (m

2
/d) K (m\d) 1.3 3.0

1 54 342.23 1.26E-02 3.11E-03 1.4 3.4

2 185 228.79 0 0 0.00E+00 1.5 4.0

Initial filling hole test

Flow approx 0.5L/s

Pumped down hole for 3hrs Depth (mbtoc) Time

Dipped NSD0126: Start 11:55am

50.16 12:21pm

50.16 12:42pm

50.14 1:04pm

50.14 1:30pm

50.14 1:50pm

50.14 2:50pm

Stopped 3:15pm



Hole ID NSD006

Date and Time 17/09/11 4:20 PM Gauge (kPa) Q (m
3
/d)

CL of Test Section 54 mbtoc 600 4.464

Depth From 52.03 mbtoc 800 5.90

Depth To 56.03 mbtoc 1000 8.064

Length TS 4.06 m 800 6.768

Diam TS 122.6 mm 600 5.472

Depth to SWL pre-test 50.14 mbtoc APPROX

Depth to SWL post-test ? mbtoc

Gauge Ht 0 magl

Depth of Hole 263 m

Depth of Casing 36 m

Casing Diam 0.133 mm

Test Type Straddle

Packer Inflation 3000 kPa

Friction Loss m

Max Q (m
3
/d)

Average T (m
2
/d) 1.26E-02

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 0 25433.80

0.5 200 25433.90 0.1 70.14 0.14 1.17E-03 0.00 0.00

1.0 200 25433.90 0 70.14 0.00 0.00E+00 0.00 0.00

1.5 0.00 0.00

2.0 200 25433.90 0 70.14 0.00 0.00E+00 0.00 0.00

3.0 200 25433.90 0 70.14 0.00 0.00E+00 0.00 0.00

4.0 200 25433.90 0 70.14 0.00 0.00E+00 0.00 0.00

5.0 200 25433.90 0 70.14 0.00 0.00E+00 0.00 0.00

5.5 200 25433.90 0 70.14 0.00 0.00E+00 0.00 0.00

Stage2

6.0 800 25434.10 0.2 130.14 0.58 2.61E-03

6.5 800 25434.80 0.7 130.14 2.02 9.14E-03 0.00 0.00

7.0 800 25435.60 0.8 130.14 2.30 1.04E-02 0.00 0.00

8.0 800 25437.10 1.5 130.14 2.16 9.80E-03 0.00 0.00

9.0 800 25438.90 1.8 130.14 2.59 1.18E-02 0.00 0.00

10.0 800 25440.40 1.5 130.14 2.16 9.80E-03 0.00 0.00

11.0 800 25442.00 1.6 130.14 2.30 1.04E-02 0.00 0.00

12.0 800 25443.50 1.5 130.14 2.16 9.80E-03 0.00 0.00

13.0 800 25445.00 1.5 130.14 2.16 9.80E-03 0.00 0.00

14.0 800 25446.60 1.6 130.14 2.30 1.04E-02 0.00 0.00

15.0 800 25448.10 1.5 130.14 2.16 9.80E-03 0.00 0.00

Stage3 15.5

15.5 1000 25448.60 0.5 150.14 1.44 5.66E-03

16.0 1000 25450.10 1.5 150.14 4.32 1.70E-02 0.10 0.00

17.0 1000 25452.30 2.2 150.14 3.17 1.25E-02 0.00 0.00

18.0 1000 25455.60 3.3 150.14 4.75 1.87E-02 0.10 0.00

19.0 1000 25460.30 4.7 150.14 6.77 2.66E-02 0.10 0.00

20.0 1000 25465.10 4.8 150.14 6.91 2.72E-02 0.10 0.00

21.0 1000 25470.00 4.9 150.14 7.06 2.77E-02 0.10 0.00

22.0 1000 25475.00 5 150.14 7.20 2.83E-02 0.10 0.00

23.0 1000 25479.90 4.9 150.14 7.06 2.77E-02 0.10 0.00

24.0 1000 25484.80 4.9 150.14 7.06 2.77E-02 0.10 0.00

25.0 1000 25489.70 4.9 150.14 7.06 2.77E-02 0.10 0.00

26.0 1000 25494.70 5 150.14 7.20 2.83E-02 0.10 0.00

Stage4

27.0 400 25497.30 2.6 90.14 3.74 2.45E-02 0.00 0.00

28.0

TEST FINISHED - RAN OUT OF TIME

TEST REPEATED AT 7:50am 18/09

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d)

0.0 600 25524.0

0.5 600 25526.2 2.2 110.14 6.34 3.40E-02 0.10 0.00

1.0 600 25528.0 1.8 110.14 5.18 2.78E-02 0.10 0.00

1.5 600 25529.4 1.4 110.14 4.03 2.16E-02 0.00 0.00

2.0 600 25531.5 2.1 110.14 6.05 3.24E-02 0.10 0.00

3.0 600 25534.8 3.3 110.14 4.75 2.55E-02 0.10 0.00

4.0 600 25537.8 3 110.14 4.32 2.31E-02 0.10 0.00

5.0 600 25540.8 3 110.14 4.32 2.31E-02 0.10 0.00

6.0 600 25543.8 3 110.14 4.32 2.31E-02 0.10 0.00

7.0 600 25546.8 3 110.14 4.32 2.31E-02 0.10 0.00

8.0 600 25549.8 3 110.14 4.32 2.31E-02 0.10 0.00

9.0 600 25552.9 3.1 110.14 4.46 2.39E-02 0.10 0.00

10.0 600 25556.0 3.1 110.14 4.46 2.39E-02 0.10 0.00

Stage2

10.5 800 25558.5 2.5 130.14 7.20 3.27E-02

11.0 800 25560.5 2 130.14 5.76 2.61E-02 0.10 0.00

11.5 800 25562.6 2.1 130.14 6.05 2.74E-02 0.10 0.00

12.0 800 25564.5 1.9 130.14 5.47 2.48E-02 0.10 0.00

13.0 800 25568.6 4.1 130.14 5.90 2.68E-02 0.10 0.00

14.0 800 25572.6 4 130.14 5.76 2.61E-02 0.10 0.00

15.0 800 25576.7 4.1 130.14 5.90 2.68E-02 0.10 0.00

16.0 800 25580.8 4.1 130.14 5.90 2.68E-02 0.10 0.00

MISSED
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17.0 800 25584.8 4 130.14 5.76 2.61E-02 0.10 0.00

18.0 800 25589.0 4.2 130.14 6.05 2.74E-02 0.10 0.00

19.0 800 25593.1 4.1 130.14 5.90 2.68E-02 0.10 0.00

20.0 800 25597.2 4.1 130.14 5.90 2.68E-02 0.10 0.00

Stage3 20.25 25599.0

20.5 1000 25599.9 2.7 150.14 7.78 3.06E-02

21.0 1000 25602.5 2.6 150.14 7.49 2.94E-02 0.10 0.00

21.5 1000 25605.2 2.7 150.14 7.78 3.06E-02 0.10 0.00

22.0 1000 25607.9 2.7 150.14 7.78 3.06E-02 0.10 0.00

23.0 1000 25613.3 5.4 150.14 7.78 3.06E-02 0.10 0.00

24.0 1000 25618.8 5.5 150.14 7.92 3.11E-02 0.10 0.00

25.0 1000 25624.3 5.5 150.14 7.92 3.11E-02 0.10 0.00

26.0 1000 25629.9 5.6 150.14 8.06 3.17E-02 0.10 0.00

27.0 1000 25635.5 5.6 150.14 8.06 3.17E-02 0.10 0.00

28.0 1000 25641.1 5.6 150.14 8.06 3.17E-02 0.10 0.00

29.0 1000 25646.8 5.7 150.14 8.21 3.23E-02 0.10 0.00

30.0 1000 25652.4 5.6 150.14 8.06 3.17E-02 0.10 0.00

Stage4 30.27 25653.9

30.5 800 25654.7 2.3 130.14 6.62 3.00E-02

31.0 800 25657.1 2.4 130.14 6.91 3.13E-02 0.10 0.00

31.5 800 25659.4 2.3 130.14 6.62 3.00E-02 0.10 0.00

32.0 800 25661.7 2.3 130.14 6.62 3.00E-02 0.10 0.00

33.0 800 25666.5 4.8 130.14 6.91 3.13E-02 0.10 0.00

34.0 800 25671.1 4.6 130.14 6.62 3.00E-02 0.10 0.00

35.0 800 25675.8 4.7 130.14 6.77 3.07E-02 0.10 0.00

36.0 800 25680.4 4.6 130.14 6.62 3.00E-02 0.10 0.00

37.0 800 25685.0 4.6 130.14 6.62 3.00E-02 0.10 0.00

38.0 800 25689.6 4.6 130.14 6.62 3.00E-02 0.10 0.00

39.0 800 25694.2 4.6 130.14 6.62 3.00E-02 0.10 0.00

40.0 800 25698.9 4.7 130.14 6.77 3.07E-02 0.10 0.00

Stage5 40.33 25700.2

40.5 600 MISSED 110.14

41.0 600 25702.6 110.14 0.00 0.00

41.5 600 25704.6 2 110.14 5.76 3.09E-02 0.10 0.00

42.0 600 25706.5 1.9 110.14 5.47 2.93E-02 0.10 0.00

43.0 600 25710.3 3.8 110.14 5.47 2.93E-02 0.10 0.00

44.0 600 25714.1 3.8 110.14 5.47 2.93E-02 0.10 0.00

45.0 600 25718.0 3.9 110.14 5.62 3.01E-02 0.10 0.00

46.0 600 25721.7 3.7 110.14 5.33 2.86E-02 0.10 0.00

47.0 600 25725.5 3.8 110.14 5.47 2.93E-02 0.10 0.00

48.0 600 25729.3 3.8 110.14 5.47 2.93E-02 0.10 0.00

49.0 600 25733.0 3.7 110.14 5.33 2.86E-02 0.10 0.00

50.0 600 25736.8 3.8 110.14 5.47 2.93E-02 0.10 0.00

END OF TEST

Dipped NS0126 at 8:45am 50.14mbtoc



Hole ID NSD006

Date and Time 18-Sep

CL of Test Section 185 mbtoc

Depth From 183.03 mbtoc

Depth To 187.03 mbtoc

Length TS 4.06 m

Diam TS 122.6 mm

Depth to SWL pre-test 50.14 mbtoc

Depth to SWL post-test ? mbtoc

Gauge Ht 0 magl

Depth of Hole 263 m

Depth of Casing 36 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 4000 kPa

Friction Loss m

Average Q (m
3
/d) 0

Average T (m
2
/d) 0

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 400 25769.0

0.5 400 25769.1 0.1 90.14 0.29 1.89E-03 0.00 0.00

1.0 400 25769.1 0 90.14 0.00 0.00E+00 0.00 0.00

1.5 400 25769.1 0 90.14 0.00 0.00E+00 0.00 0.00

2.0 400 25769.1 0 90.14 0.00 0.00E+00 0.00 0.00

3.0 400 25769.1 0 90.14 0.00 0.00E+00 0.00 0.00

4.0 400 25769.1 0 90.14 0.00 0.00E+00 0.00 0.00

5.0 400 25769.1 0 90.14 0.00 0.00E+00 0.00 0.00

Stage2

5.5 600 25769.1 0 110.14 0.00 0.00E+00

6.0 600 25769.1 0 110.14 0.00 0.00E+00 0.00 0.00

6.5 600 25769.1 0 110.14 0.00 0.00E+00 0.00 0.00

7.0 600 25769.1 0 110.14 0.00 0.00E+00 0.00 0.00

8.0 600 25769.1 0 110.14 0.00 0.00E+00 0.00 0.00

9.0 600 25769.1 0 110.14 0.00 0.00E+00 0.00 0.00

10.0 600 25769.1 0 110.14 0.00 0.00E+00 0.00 0.00

Stage3

11.0 1000 25769.1 0 150.14 0.00 0.00E+00

12.0 1000 25769.1 0 150.14 0.00 0.00E+00 0.00 0.00

13.0 1000 25769.1 0 150.14 0.00 0.00E+00 0.00 0.00

14.0 1000 25769.1 0 150.14 0.00 0.00E+00 0.00 0.00

15.0 1000 25769.1 0 150.14 0.00 0.00E+00 0.00 0.00

Stage4

16.0 1500 25769.1 0 200.14 0.00 0.00E+00

17.0 1500 25769.1 0 200.14 0.00 0.00E+00 0.00 0.00

18.0 1500 25769.1 0 200.14 0.00 0.00E+00 0.00 0.00

19.0 1500 25769.1 0 200.14 0.00 0.00E+00 0.00 0.00

20.0 1500 25769.1 0 200.14 0.00 0.00E+00 0.00 0.00

TEST FINISHED

NSD0126 Dipped at 11:14am 50.14mbtoc



HoleID NSD010

Easting m

Northing m Pipe Headloss

RL mAHD Flow Rate (L/s) Head Loss (kPa/m)

Total Depth 334.13 m 0 0.0

Casing Depth 90 m 0.1 0.0

Casign Stickup (vert) 0.32 magl 0.2 0.1

Casing Stickup (inc) 0.38 magl 0.3 0.2

Depth to SWL pre-test 72.85 mbtoc at 7:52am 15/09 0.4 0.3

Depth to SWL post-test 33.1 mbtoc at 5:03pm 16/09 0.5 0.5

61.35 mbtoc at 7:36am 17/09 0.6 0.7

0.7 0.9

Comments Hole filled with grease 0.8 1.2

Dipped SWL difficult to get as dipper was stuck to greasy casing wall 0.9 1.5

Used water from Perth 1 1.8

1.1 2.2

Test Sections CL Depth mbtoc CL Depth mAHD Q Ave (m
3
/d) T (m

2
/d) K (m\d) 1.2 2.6

1 330 108.21 0 0 0.00E+00 1.3 3.0

2 289.5 143.29 0 0 0.00E+00 1.4 3.4

3 267 162.77 0 0 0.00E+00 1.5 4.0

4 189 230.32 0 0 0.00E+00

5 139 273.62 0 0 0.00E+00

6 181 237.25 0 0 0.00E+00



Hole ID NSD010

Date and Time 15/09/11 5:00 PM

CL of Test Section 330 mbtoc

Depth From 328.785 mbtoc

Depth To 331.215 mbtoc

Length TS 2.43 m

Diam TS 122.6 mm

Depth to SWL pre-test 72.85 mbtoc

Depth to SWL post-test 33.1 mbtoc

Gauge Ht 0 magl

Depth of Hole 334.13 m

Depth of Casing 90 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 5000 kPa

Friction Loss m

Average Q (m
3
/d) 0

Average T (m
2
/d) 0

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 0 26230

0.5 350 26230 0 107.85 0.00 0.00E+00 0.00 0.00

1.0 1000 26230 0 172.85 0.00 0.00E+00 0.00 0.00

1.5 TEST ABANDONED

2.0



Hole ID NSD010

Date and Time 16/09/11 7:30 AM

CL of Test Section 289.5 mbtoc

Depth From 288.285 mbtoc

Depth To 290.715 mbtoc

Length TS 2.43 m

Diam TS 122.6 mm

Depth to SWL pre-test 72.85 mbtoc

Depth to SWL post-test 33.1 mbtoc

Gauge Ht 0 magl

Depth of Hole 334.13 m

Depth of Casing 90 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 5000 kPa

Friction Loss m

Average Q (m
3
/d) 0

Average T (m
2
/d) 0

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 350 26280

0.5 500 26280 0 122.85 0.00 0.00E+00 0.00 0.00

1.0 700 26280 0 142.85 0.00 0.00E+00 0.00 0.00

1.5 1000 26280 0 172.85 0.00 0.00E+00 0.00 0.00

2.0

2.5

3.0 200 26280 0 92.85 0.00 0.00E+00 0.00 0.00

4.0 200 26280 0 92.85 0.00 0.00E+00 0.00 0.00

5.0 200 26280 0 92.85 0.00 0.00E+00 0.00 0.00

6.0 1500 26280 0 222.85 0.00 0.00E+00 0.00 0.00

7.0 TEST ABANDONED

8.0

9.0

10.0



Hole ID NSD010

Date and Time 16/09/11 9:33 AM

CL of Test Section 267 mbtoc

Depth From 265.785 mbtoc

Depth To 268.215 mbtoc

Length TS 2.43 m

Diam TS 122.6 mm

Depth to SWL pre-test 72.85 mbtoc

Depth to SWL post-test 33.1 mbtoc

Gauge Ht 0 magl

Depth of Hole 334.13 m

Depth of Casing 90 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 4600 kPa

Friction Loss m

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 200 25250

0.5 200 25250 0 92.85 0.00 0.00E+00 0.00 0.00

1.0 200 25250 0 92.85 0.00 0.00E+00 0.00 0.00

1.5 200 25250 0 92.85 0.00 0.00E+00 0.00 0.00

Stage2

2.0 400 25250 0 112.85 0.00 0.00E+00 0.00 0.00

3.0 400 25250 0 112.85 0.00 0.00E+00 0.00 0.00

4.0 400 25250 0 112.85 0.00 0.00E+00 0.00 0.00

Stage3

4.5 600 25250 0 132.85 0.00 0.00E+00 0.00 0.00

5.0 600 25250 0 132.85 0.00 0.00E+00 0.00 0.00

6.0 600 25250 0 132.85 0.00 0.00E+00 0.00 0.00

7.0 600 25250 0 132.85 0.00 0.00E+00 0.00 0.00

Stage4

7.4 1500 25250 0 222.85 0.00 0.00E+00 0.00 0.00

TEST ABANDONED



Hole ID NSD010

Date and Time 16/09/11 11:30 AM

CL of Test Section 189 mbtoc

Depth From 187.785 mbtoc

Depth To 190.215 mbtoc

Length TS 2.43 m

Diam TS 122.6 mm

Depth to SWL pre-test 72.85 mbtoc

Depth to SWL post-test 33.1 mbtoc

Gauge Ht 0 magl

Depth of Hole 334.13 m

Depth of Casing 90 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 4600 kPa

Friction Loss m

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 200 25295

0.5 200 25295 0 92.85 0.00 0.00E+00 0.00 0.00

1.0 200 25295 0 92.85 0.00 0.00E+00 0.00 0.00

2.0 200 25295 0 92.85 0.00 0.00E+00 0.00 0.00

3.0 200 25295 0 92.85 0.00 0.00E+00 0.00 0.00

4.0 200 25295 0 92.85 0.00 0.00E+00 0.00 0.00

Stage2

6.0 500 25295 0 122.85 0.00 0.00E+00 0.00 0.00

7.0 500 25295 0 122.85 0.00 0.00E+00 0.00 0.00

8.0 500 25295 0 122.85 0.00 0.00E+00 0.00 0.00

Stage3

8.5 1500 25295 0 222.85 0.00 0.00E+00 0.00 0.00

9.0 1500 25295 0 222.85 0.00 0.00E+00 0.00 0.00

TEST ABANDONED



Hole ID NSD010

Date and Time 16/09/11

CL of Test Section 139 mbtoc

Depth From 137.785 mbtoc

Depth To 140.215 mbtoc

Length TS 2.43 m

Diam TS 122.6 mm

Depth to SWL pre-test 72.85 mbtoc

Depth to SWL post-test 33.1 mbtoc

Gauge Ht 0 magl

Depth of Hole 334.13 m

Depth of Casing 90 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 4500 kPa

Friction Loss m

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d)

0.0 200 25355

0.5 200 25355 0 92.85 0.00

1.0 200 25355 0 92.85 0.00

2.0 200 25355 0 92.85 0.00

3.0 200 25355 0 92.85 0.00

Stage2

3.3 100 25355 0 82.85 0.00

4.0 100 25355 0 82.85 0.00

5.0 100 25355 0 82.85 0.00

6.0 100 25355 0 82.85 0.00

TEST ABANDONED



T (m
2
/d) Q (L/s) Friction Loss (m)

0.00E+00 0.00 0.00

0.00E+00 0.00 0.00

0.00E+00 0.00 0.00

0.00E+00 0.00 0.00

0.00E+00 0.00 0.00

0.00E+00 0.00 0.00

0.00E+00 0.00 0.00

0.00E+00 0.00 0.00



Hole ID NSD010

Date and Time 16/09/11

CL of Test Section 181 mbtoc

Depth From 182.215 mbtoc

Depth To 179.785 mbtoc

Length TS 2.43 m

Diam TS 122.6 mm

Depth to SWL pre-test 72.85 mbtoc

Depth to SWL post-test 33.1 mbtoc

Gauge Ht 0 magl

Depth of Hole 334.13 m

Depth of Casing 90 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation 4000 kPa

Friction Loss m

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 200 25391.6

0.5 200 25391.7 0.1 92.85 0.29 1.83E-03 0.00 0.00

1.0 200 25391.7 0 92.85 0.00 0.00E+00 0.00 0.00

2.0 200 25391.7 0 92.85 0.00 0.00E+00 0.00 0.00

3.0 200 25391.7 0 92.85 0.00 0.00E+00 0.00 0.00

4.0 200 25391.7 0 92.85 0.00 0.00E+00 0.00 0.00

5.0 200 25391.7 0 92.85 0.00 0.00E+00 0.00 0.00

Stage2

5.3 500 25391.8 0.3 122.85 1.44 6.92E-03 0.00 0.00

6.0 500 25391.85 0.05 122.85 0.10 4.94E-04 0.00 0.00

7.0 500 25391.85 0 122.85 0.00 0.00E+00 0.00 0.00

8.0 500 25391.85 0 122.85 0.00 0.00E+00 0.00 0.00

Stage3

8.5 700 25391.85 0 142.85 0.00 0.00E+00 0.00 0.00

9.0 700 25391.85 0 142.85 0.00 0.00E+00 0.00 0.00

TEST ABANDONED



HoleID NSD011

Easting 713280 m

Northing 7648800 m Pipe Headloss

RL 387 mAHD Flow Rate (L/s) Head Loss (kPa/m)

Total Depth 354 m 0 0.0

Casing Depth 41 m 0.1 0.0

Casign Stickup (vert) magl 0.2 0.1

Casing Stickup (inc) magl 0.3 0.2

Depth to SWL pre-test 36.1 mbtoc 0.4 0.3

Depth to SWL post-test ? mbtoc Could not dip post-test - dipper stuck to side of casing 0.5 0.5

0.6 0.7

0.7 0.9

Comments Hole filled with grease 0.8 1.2

Used GW from Packer Bore 0.9 1.5

Testing in country rock shale - if no flow taken will test shallow section just below casing 1 1.8

1.1 2.2

1.2 2.6

Test Sections CL Depth mbtoc CL Depth mAHD Q Ave (m
3
/d) T (m

2
/d) K (m\d) 1.3 3.0

1 171 226.31 0 0 0.00E+00 1.4 3.4

2 55 335.32 0 0 0.00E+00 1.5 4.0



Hole ID NSD011

Date and Time 20/09/11 9:15am am sometime

CL of Test Section 171 mbtoc

Depth From 169.03 mbtoc

Depth To 173.03 mbtoc

Length TS 4.06 m

Diam TS 122.6 mm

Depth to SWL pre-test 36.1 mbtoc

Depth to SWL post-test mbtoc

Gauge Ht 0 magl

Depth of Hole 354 m

Depth of Casing 41 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation kPa

Friction Loss m

Max Q (m
3
/d) 0

Average T (m
2
/d) 0

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 400 30821.8

0.5 400 30821.8 0 76.1 0.00 0.00E+00 0.00 0.00

1.0 400 30821.8 0 76.1 0.00 0.00E+00 0.00 0.00

2.0 400 30821.8 0 76.1 0.00 0.00E+00 0.00 0.00

3.0 400 30821.8 0 76.1 0.00 0.00E+00 0.00 0.00

4.0 400 30821.8 0 76.1 0.00 0.00E+00 0.00 0.00

5.0 400 30821.8 0 76.1 0.00 0.00E+00 0.00 0.00

Stage2

5.3 600 30821.8 0 96.1 0.00 0.00E+00

5.5 600 30821.8 0 96.1 0.00 0.00E+00 0.00 0.00

6.0 600 30821.8 0 96.1 0.00 0.00E+00 0.00 0.00

7.0 600 30821.8 0 96.1 0.00 0.00E+00 0.00 0.00

8.0 600 30821.8 0 96.1 0.00 0.00E+00 0.00 0.00

9.0 600 30821.8 0 96.1 0.00 0.00E+00 0.00 0.00

10.0 600 30821.8 0 96.1 0.00 0.00E+00 0.00 0.00

Stage3

10.3 800 30821.85 0.05 116.1 0.23 1.16E-03

10.5 800 30821.85 0 116.1 0.00 0.00E+00 0.00 0.00

11.0 800 30821.85 0 116.1 0.00 0.00E+00 0.00 0.00

12.0 800 30821.85 0 116.1 0.00 0.00E+00 0.00 0.00

13.0 800 30821.85 0 116.1 0.00 0.00E+00 0.00 0.00

14.0 800 30821.85 0 116.1 0.00 0.00E+00 0.00 0.00

15.0 800 30821.85 0 116.1 0.00 0.00E+00 0.00 0.00

Stage4

15.3 1000 30821.85 0 136.1 0.00 0.00E+00

15.5 1000 30821.9 0.05 136.1 0.43 1.87E-03 0.00 0.00

16.0 1000 30821.9 0 136.1 0.00 0.00E+00 0.00 0.00

17.0 1000 30821.9 0 136.1 0.00 0.00E+00 0.00 0.00

18.0 1000 30821.9 0 136.1 0.00 0.00E+00 0.00 0.00

19.0 1000 30821.9 0 136.1 0.00 0.00E+00 0.00 0.00

20.0 1000 30821.9 0 136.1 0.00 0.00E+00 0.00 0.00

TEST FINISHED



Hole ID NSD011

Date and Time 20/09/11 9:15am am sometime

CL of Test Section 55 mbtoc

Depth From 53.03 mbtoc

Depth To 57.03 mbtoc

Length TS 4.06 m

Diam TS 122.6 mm

Depth to SWL pre-test 36.1 mbtoc

Depth to SWL post-test ? mbtoc

Gauge Ht 0 magl

Depth of Hole 354 m

Depth of Casing 41 m

Casing Diam 133 mm

Test Type Straddle

Packer Inflation kPa

Friction Loss m

Max Q (m
3
/d) 0

Average T (m
2
/d) 0

Stage1

Time (mins) Gauge (kPa) Flowmeter (L) Water Taken (L) Pi (m) Q (m
3
/d) T (m

2
/d) Q (L/s) Friction Loss (m)

0.0 400 30845.2 76.1

0.5 400 30845.2 0 76.1 0.00 0.00E+00 0.00 0.00

1.0 400 30845.2 0 76.1 0.00 0.00E+00 0.00 0.00

2.0 400 30845.2 0 76.1 0.00 0.00E+00 0.00 0.00

3.0 400 30845.2 0 76.1 0.00 0.00E+00 0.00 0.00

4.0 400 30845.2 0 76.1 0.00 0.00E+00 0.00 0.00

5.0 400 30845.2 0 76.1 0.00 0.00E+00 0.00 0.00

Stage2

5.3 600 30845.2 0 96.1 0.00 0.00E+00

5.5 600 30845.2 0 96.1 0.00 0.00E+00 0.00 0.00

6.0 600 30845.2 0 96.1 0.00 0.00E+00 0.00 0.00

7.0 600 30845.2 0 96.1 0.00 0.00E+00 0.00 0.00

8.0 600 30845.2 0 96.1 0.00 0.00E+00 0.00 0.00

9.0 600 30845.2 0 96.1 0.00 0.00E+00 0.00 0.00

10.0 600 30845.2 0 96.1 0.00 0.00E+00 0.00 0.00

Stage3

10.4 800 30845.2 0 116.1 0.00 0.00E+00

10.5 800 30845.2 0 116.1 0.00 0.00E+00 0.00 0.00

11.0 800 30845.2 0 116.1 0.00 0.00E+00 0.00 0.00

12.0 800 30845.2 0 116.1 0.00 0.00E+00 0.00 0.00

13.0 800 30845.2 0 116.1 0.00 0.00E+00 0.00 0.00

14.0 800 30845.2 0 116.1 0.00 0.00E+00 0.00 0.00

15.0 800 30845.2 0 116.1 0.00 0.00E+00 0.00 0.00

Stage4

15.3 1000 30845.25 0.05 136.1 0.29 1.25E-03

15.5 1000 30845.25 0 136.1 0.00 0.00E+00 0.00 0.00

16.0 1000 30845.25 0 136.1 0.00 0.00E+00 0.00 0.00

17.0 1000 30845.25 0 136.1 0.00 0.00E+00 0.00 0.00

18.0 1000 30845.25 0 136.1 0.00 0.00E+00 0.00 0.00

19.0 1000 30845.25 0 136.1 0.00 0.00E+00 0.00 0.00

20.0 1000 30845.25 0 136.1 0.00 0.00E+00 0.00 0.00

TEST FINISHED
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EXECUTIVE SUMMARY 

WorleyParsons and Hydrobiology were commissioned by Fortescue Metals Group (FMG) to 
examine the possibility of a pit lake forming in the final void associated with the proposed 
North Star mine in the Pilbara, Western Australia.  The pit will be located in a region where 
the potential evaporation greatly exceeds the annual average rainfall.  This report contains 
estimates of the water level and predicts the chemical composition and possible chemical 
precipitates in the pit lake. 

A range of possible climates and groundwater inflows pit lakes were assessed for the pit 
produced by the mining at North Star.  The most conservative scenario of no groundwater 
inflow and evaporation equivalent to the average pan evaporation indicates that there will be 
a pit lake formed in the void. The best estimate of the inflows shows that the water levels 
will stabilise after about 200 years with a depth of around 200 m at approximately 400 m 
below the current land surface. 

Geochemical speciation modelling and comparison of evaporation effects on final pit lake 
water quality (to 1000 years) indicates that ecotoxicity risk is low, including that to 
livestock, if ingress to the pit area occurs. Calcium/magnesium carbonate minerals are likely 
to be the predominant precipitates from the pit waters. 

It is recommended that in order to better understand the water levels and chemistry of a pit 
lake within the North Star Mine void, the following actions should occur: 

 Water levels in the vicinity of the pit are monitored during the mine life to ascertain 
whether there is any interaction with regional aquifers; 

 Rates of dewatering from abstraction bores and sumps within the pit are recorded; and 

 Observations are made of groundwater seepage rates and periodically seepage water 
samples are taken to ascertain seepage chemistry. It is important to take these 
observations both in dry periods and after large events. 
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1. INTRODUCTION 

WorleyParsons has been commissioned by Fortescue Metals Group (FMG) to examine the 
water balance of the final void associated with the proposed North Star mine in the Pilbara, 
Western Australia.  The pit will be located in a region where the potential evaporation 
greatly exceeds the annual average rainfall.  This report provides estimates of the position 
of the water level in the lake relative to the local watertable and predicts the chemical 
composition and possible chemical precipitates within the void. 

1.1  Background 

The North Star project site is located approximately 100 km south of Port Hedland and 25 
km east of the existing FMG rail line to Port Hedland (Figure 1- 1). The Project is located 
within mining tenement M45/1226. 

The magnetite ore body is hosted by sub- vertically dipping Banded Iron Formation (BIF) of 
the Pincunah Formation and is approximately 1 km in width and 3 to 5 km in length. 
Exploration work to date has defined the minimum depth extent of the economically 
mineralised portions of the Pincunah BIF as 500 m. FMG (2013) has prepared a Public 
Environmental Review (PER) document for an open pit operation with ore processing on site. 

1.2  Objective and Scope of Work 

The scope for this investigation is to support the environmental approval process for the 
project and includes: 

 Creating a water balance model of the pit (WorleyParsons); 

 Systematically investigating the sensitivity of the water balance to various inputs 
(WorleyParsons); and 

 Examining the chemistry of the pit lake water for any hydrogeochemical changes 
(Hydrobiology). 

 



KARRATHA
MARBLE BAR

PORT HEDLAND

HONEYEATER CREEK

SH
AW

 R
IVE

R

TURNER RIVER

SH
AW

 RIVER

TURNER RIVER WEST

TURNER RIVER

GREAT NORTHERN HWY

BHPFMG

680000

680000

700000

700000

720000

720000

740000

74000076
20

00
0

76
20

00
0

76
40

00
0

76
40

00
0

76
60

00
0

76
60

00
0

DRG NO

TITLE

CHKDRN

CLIENT

DATE

FMG NORTH STAR WATER SUPPLY
NORTHSTAR PRELIMINARY AMD ASSESSMENT

FIGURE 1 - LOCATION MAP

A
REV

REV REVISION DESCRIPTION

LOCALITY

A FOR INFORMATION ONLY

±

P
ro

d
u

ce
d

 b
y 

M
ic

h
a

e
l.R

o
u

se
@

W
o

rl
e

yP
a

rs
on

s.
co

m
  

   
G

e
o

m
a

tic
s 

W
e

st
e

rn
 O

pe
ra

tio
n

s

NOTES

WORLEYPARSONS PROJECT

DATUM

SCALE

301012-01425
Path: I:\Projects\301012-01426 - Dewatering, ARD and Surface Water Hydrology Phase 1\10.0 Engineering\Geomatics\03Project\Workspace\_SKT\301012-01426-GM-DSK-002.mxd

GDA 1994 MGA Zone 50
301012-01426-GM-DSK-002

5 0 5 10 152.5

Kilometers

- A31:250,000 MR 18-08-2011

LEGEND

BHP RAILWAY LINE

FMG RAILAWAY LINE

IRON ORE BODY

MAIN HIGHWAYS

MAJOR ROADS

ROADS (UNSEALED)

DRAINAGE

1) Imagery sourced from Google Earth and Landgate.

LS

ORE BODY - SAMPLING LOCATION



  

FORTESCUE METALS GROUP (FMG) 

NORTH STAR MINE PIT LAKE ASSESSMENT 

WATER AND SOLUTE MODELLING 

i:\projects\301012- 01773 north star pit lake assessment\5_engineering\hg- hydrogeology\reporting\rev 1\301012- 01773 north 
star mine pit lake assessment rev 1_adb.doc 
 Page 3 301012- 01773 :  Rev 1 : 04 July 2013 

2. PROJECT SETTING 

2.1  Location 

The North Star project site is located approximately 100 km south of Port Hedland and 
25 km east of the existing FMG rail line to Port Hedland (Figure 1- 1). North Star is located 
within mining tenement M45/1226. 

The magnetite ore body is hosted by sub- vertically dipping Banded Iron Formation (BIF) of 
the Pincunah Formation and is approximately 1 km in width and 3 km to 5 km in length. 
Preliminary exploration work to date has defined the minimum depth extent of the 
economically mineralised portions of the Pincunah BIF as 500 m. FMG is planning to develop 
the project as an open pit operation with ore processing on site. 

There are a number of pools in the vicinity of the mine (Figure 2- 1). The surface water 
impact on these pools has been assessed to be minimal, with only two pools affected by the 
mining operation (WorleyParsons 2012b). The closest pool to the mine void is Fig Pool, 
approximately 250 m from the open void. 

The groundwater levels in the neighbouring production bores (Gusboy Bore and Packer Bore) 
and the monitoring bores (GVW07 and GVW06) are lower, ranging from 297.1 m Australian 
Height Datum (AHD) (GVW06) to 226.4 m AHD (Packer Bore). The standing water levels 
within the ore body vary between 319.9 m AHD and 395.2 m AHD (variation in levels may, 
however, be an artefact of remnant drilling water). 

 



  

FORTESCUE METALS GROUP (FMG) 

NORTH STAR MINE PIT LAKE ASSESSMENT 

WATER AND SOLUTE MODELLING 

i:\projects\301012- 01773 north star pit lake assessment\5_engineering\hg- hydrogeology\reporting\rev 1\301012- 01773 north 
star mine pit lake assessment rev 1_adb.doc 
 Page 4 301012- 01773 :  Rev 1 : 04 July 2013 

 

Figure 2-1 Contour map of FMG's North Star Pit and nearby bores and pools 
superimposed on an elevation map of the vicinity.  

2.2  Climate 

Daily rainfall data was available from the site for the period 10 March 2011 to 1 March 
2012.  Additional daily rainfall and average monthly evaporation data was sourced from the 
Bureau of Meteorology as summarised in Table 2- 1. 
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Table 2-1 Rainfall and evaporation data for the vicinity of North Star available from 
Bureau of Meteorology 

Station 
ID 

Station Name Rainfall 
start 

Rainfall 
final 

% 
Days 

% 
Months 

Order Evaporation 

4000 Abydos 1917 1974 69.73 69.57 1  

4045 Abydos 
Woodstock 

1901 1997 67.56 67.18 2  

4074 Goldsworthy 1966 1992 99.89 99.68 12  

4015 Hillside Station 1917 2013 80.74 82.97 3  

4106 Marble Bar 2000 2013 94.91 84.00 6  

4020 Marble Bar 
Comparison 

1895 2006 97.01 96.85 5 Yes 

5015 Mulga Downs 
Station 

1897 2012 90.62 90.36 8  

4027 Nullagine 1897 2004 85.33 84.78 11  

4043 Redmont 1925 2012 50.58 50.34 4  

4035 Roebourne 1887 2013 90.85 90.75 13  

4038 Wallareenya 1908 2013 72.24 71.68 7  

5026 Wittenoom 1950 2013 93.28 93.23 9 Yes 

5055 Wittenoom 
Aero 

1975 2010 98.47 97.64 10  

Continuous daily and monthly rainfall records were compiled from available data. The data 
from the Project was used as the base, with missing data progressively infilled based on the 
proximity of the observation location to the Project (order column in Table 2- 1). 

An annual (calendar year) rainfall record was then compiled from the monthly rainfall 
record.  The calculated average annual rainfall between 1902 and 2012 was 344 mm. The 
annual rainfall and the cumulative deviation from the average rainfall are shown in Figure 
2- 2. The cumulative deviation plot shows dry periods as a downward trend, average rainfall 
as horizontal trends and increasing rainfall as a rising trend.  Thus the rainfall in the vicinity 
of North Star mine seems to exhibit a slow drying trend between 1902 and 1942, and then a 
faster drying trend between 1942 and 1970. Between 1970 and 1982 the climate became 
wetter, then a period of average rainfall to the mid- 1990s, followed by a period of above 
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average rainfall to 2000.  Since 2000 there has been approximately average rainfall, as 
shown on Figure 2- 2. 
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Figure 2-2 Annual rainfall and cumulative deviation from the mean for the period 1902-
2012. 

2.2.1  Climate Change 

Adaptive Futures (2011) provided climate change projections for risk assessment for key 
FMG projects. They produced three predictions for potential climate change; low (B1), 
medium (A1B) and high (A1FI). They did not produce any definitive projection for increase in 
rainfall.  The B1, A1B and A1FI predictions are based on International Panel on Climate 
Change (IPCC) scenarios. The relevant scenarios are summarised below: 

A1: The A1 scenario family includes rapid economic growth, global population that peaks 
around 2050 and then declines, and rapid introduction of new and more efficient scenarios. 
The scenario is subdivided into 3 groups – A1FI has a technical emphasis on fossil intensive 
technologies, A1T has non- fossil energy sources and A1B has a mix of fossil intensive and 
non- fossil sources. 

B1: The B1 scenario family has the same population dynamics as A1 but with rapid 
economic changes towards service and information economy with a reduction in material 
intensity and new clean and fuel- efficient technology. 

Adaptive Futures (2011) did not specify any changes to average rainfall, but did list 
expected changes to rainfall intensity and evaporation.  The Australian Government 
Department of Climate Change and Energy Efficiency (2013) in conjunction with Bureau of 
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Meteorology and CSIRO released figures of projected range of changes in rainfall for the 
whole of Australia. 

The climate changes expected are shown in Table 2- 2.  These changes are relative to the 
average between 1980 and 1999 with a representative year of 1990. These changes indicate 
an overall drying climate with increased evaporation and decreased rainfall.  Adaptive 
Futures (2011) indicate, however, even though the rainfall is predicted to decrease along 
with the number of major rain events (cyclones), the rainfall associated with these major 
events is likely to be more intense. 

As the working mine life is expected to be 45 years and assuming mining starts in 2014, 
then the earliest the post- mining void will start filling is 2059. The future climate post pit 
void development will be closest to the climate scenarios associated with 2070; as such the 
predicted climate change for 2070 will be used for the water balance modelling.  As the 
values in the table for projected changes in climate are given as ranges, and the ranges for 
the low (B1) and medium (A1B) are the same for both evaporation and rainfall for 2070, the 
smallest change in the range will be used for the low climate change scenario, the largest 
change in the range will be used for the medium climate change scenario and for the high 
climate change scenario, the central value from the range will be adopted. 

 

Table 2-2 Predicted changes in average rainfall and evaporation for different climate 
scenarios and years (Australian Government Department of Climate Change and 
Energy Efficiency 2013) 

Quantity Climate 
Scenario 

2030 
(%) 

2050 
(%) 

2070 
(%) 

Used 
(%) 

Evaporation B1 (low) 0 2- 4 4 -  8 4 

Evaporation A1B 
(medium) 

2 -  4 4 -  8 4 -  8 8 

Evaporation A1FI (high) 4 -  8 4 -  8 8 -  12 10 

Rainfall B1 (low) - 2 -  - 5 - 2 -  - 5 - 5 -  - 10 - 5 

Rainfall A1B 
(medium) 

- 2 -  - 5 - 5 -  - 10 - 5 -  - 10 - 10 

Rainfall A1FI (high) - 2 -  - 5 - 5 -  - 10 - 10 -  - 20 - 15 
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2.3  Geology 

The North Star deposit is hosted by fine grained metasediments of the Pincunah Hill 
Formation, which is the basal formation of the Achaean George Creek Group, situated within 
the Pilbara Craton. The Pilbara Craton is composed of Archaean granite- greenstone terrain 
underlying younger sediments at the coast and extending inland to where it outcrops 
around the Chichester and Hamersley Ranges. Greenstone sequences comprise meta-
sedimentary and volcanic rocks that have been intruded by significant volumes of granite 
and have undergone a complex history of deformation and metamorphism (Haig, 2009).  

There are five main stratigraphic groups within the vicinity of the study area, these include; 
the Warrawoona Group, Sulphur Springs Group, George Creek Group, De Grey Group and the 
Fortescue Group. The North Star deposit is located within the north- western portion of the 
Pincunah Hill Formation of the George Creek Group. 

The region hosting the North Star deposit is dominated by outcrop; however, scattered 
occurrences of unconsolidated Cainozoic sand, silt and gravel deposits have formed on 
outwash fans and on scree and talus slopes in small pockets across the rugged greenstone 
terrain and in the floodplains of drainage channels (Van Kranendonk, 2000). 

A more detailed description of the geology in the vicinity of the North Star Mine is in 
WorleyParsons (2012a). 

2.4  Hydrogeology 

Groundwater in the Pilbara region generally occurs in unconfined Quaternary sediments, 
which may be hydraulically connected to underlying weathered- fractured rock aquifers (Haig 
2009). Groundwater occurrences within granites and greenstones are related to the 
development of secondary porosity in fractured and weathered zones or along bedding 
planes and joints, the rocks themselves having very little primary porosity (Haig 2009). 
Greenstones have been known to be relatively water productive where they are brittle (e.g. 
chert). In the case of both granites and greenstones, groundwater productivity is determined 
by proximity to drainage lines (Haig 2009).  

Groundwater in the region surrounding the ore deposit is thought to be predominantly 
hosted by primary porosity within overlying shallow unconfined Quaternary sediments 
hydraulically connected to some secondary porosity within the weathered and fractured 
Archaean basement (WorleyParsons 2012a). 

2.5  Pit Inflows  

WorleyParsons (2012a) used a groundwater model (MODFLOW 2000 (Harbaugh et al. 2000)) 
to calculate the groundwater inflow at three stages of the pit. This evaluated the inflow into 
the pit at 5, 15 and 25 (final) years. A simple sensitivity test was undertaken by varying 
parameters such as hydraulic conductivity, specific yield and recharge. The results from 
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these sensitivity tests were used to estimate a maximum inflow rate for the pit.  These 
values are shown in Table 2- 3. These show that the expected inflow rates are between 10 
and 20 L/s (0.3 – 0.6 GL/a) with maximum inflow rates of between 30 and 65 L/s (0.9 – 2.0 
GL/a). Over the years, as the pit depth increases, it is expected that inflow rates will 
decrease due to drainage of the shallow surficial aquifers.  

Table 2-3 Modelled groundwater inflows to the pit during mining (WorleyParsons 
2012a) 

Stage (Year of Operation) Expected Inflow (L/s) Maximum Inflow (L/s) 

1 (5) 19 64 

2 (15) 12 35 

3 (25) 10 28 

2.6  Pit Lake 

The shape of the pit was supplied as a DXF file (M. Dowling, FMG personal communication 
2 May 2013).  This defined the pit between elevations of - 200 m AHD and 400 m AHD at 
various bench heights.  The DXF file was analysed to determine the height, area and volume 
relationships of the pit. The change of surface area and volume with water level in the lake 
are shown in Figure 2- 3. 
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Figure 2-3 Surface area and volume of North Star pit lake as a function of level 

2.7  Surface flows 

There is the possibility of flows from the eastern side to enter the pit (WorleyParsons, 
2012b). There is a recommendation to divert this drainage from entering the pit through the 
use of a bund.  It is assumed that such a bund will be constructed and the flow will not 
enter the pit void. 

The waste dump to the east of the pit may alter the flow directions in this vicinity.  The 
southern portions of the waste dump and the pit are relatively close together and surface 
flow may occur from the waste towards the pit. 

The PER for the North Star Mine (FMG, 2013) includes a reference to construction of a levee 
around the pit to prevent inflows up to a 1:100 year Average Recurrence Interval (ARI) 
rainfall event. 

2.8  Groundwater 

Groundwater levels observed in bores in the pit area have ranged between 319.9 m AHD 
and 395.2 m AHD (36 to 72 m below ground level (bgl)).  It is thought that some of these 
levels reflect localised perched aquifers in the material and are not representative of a 
regional groundwater level.  The perched aquifers in the pit area will be removed during the 
mining process.  

Packer testing (WorleyParsons 2012a) at four sites within the pit area showed that the 
unweathered BIF had very low permeability and was unlikely to readily transmit water, 
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whereas the weathered BIF at a depth of 36 m bgl had an observed flux of 0.4 L/s under a 
400 kPa applied pressure (40 m pressure head) and a fractured/mineralised BIF at 54 m bgl 
had an observed flux of 0.07 L/s under an 800 kPa applied pressure. 

The groundwater levels in nearby production bores (Gusboy Bore and Packer Bore) and 
monitoring bores (GVW07 and GVW06) are lower, ranging from 297 m AHD (18 m bgl) 
(GVW06) to 226 m AHD (7 m bgl) (Packer Bore). The yield of these production bores is 
estimated to be between 0.5 and 2 L/s (WorleyParsons, 2012b). 
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3. PIT LAKE WATER BALANCE 

3.1  Model Selection 

WSIBal (Barr et al. 2000; Barr and Turner 2000) was the model chosen to perform the water 
balance.  It uses a bucket model approach and is capable of modelling water, solute and 
environmental isotope balances within a surface water body and can include chemical 
precipitation. 

3.1.1  Model Description 

A simple water balance approach has been used in WSIBal.  As density variations in the 
water are ignored, the volume and the mass of water can be used interchangeably.  The 
model operates on a specified time period, simulating the changes in volume within a water 
body due to specified or calculated inflows and outflows. 

For a well- mixed water body, calculating the mass balance of a number of solutes in the 
water body can provide additional constraints for the water balance of the water body.  The 
measured quantity for a mass balance is the concentration of the solute in the water body. 
Fluxes into the water body have specified concentrations and outflow fluxes, with the 
exception of evaporation, have the same concentration as the water body.  The 
concentration multiplied by the volume of water gives the solute mass within the water 
body. 

In this report a water balance and a conservative salt balance will be used to assess the 
evolution of the water level and salt concentration in the void remaining after the mining in 
the North Star pit is completed. 

3.2  Time Dependence 

A single simulation was run with annual, monthly and daily time steps for the rainfall and 
evaporation.  These simulations were run with the same conditions to examine the effects of 
time step discretisation on the model.  The simulations used the 111 years of rainfall 
records from 1902- 2012 and the average monthly (or annual) evaporation with a pan- to-
lake factor of 0.5 and no groundwater inflow.  A comparison of the pit water levels over the 
period are shown in Figure 3- 1.  This plot also includes an average simulation which uses 
the average rainfall for the period in conjunction with annual time steps. The figure shows 
that there is very little difference in the long- term to the time step chosen, although there 
may be some minor differences when high intensity events occur. This gives confidence that 
the long- term results in the model can be modelled simply with any time step. The 
subsequent water balance modelling reported in this document uses annual time steps.  
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Some discrepancies were noted in the simulations between those that used observed 
climatic data in comparison to the simulations that used average climatic data. The 
discrepancies are closely related to the cumulative rainfall deviation over the period as 
shown in Figure 2- 2, with lower water levels in the simulations using the real data when the 
cumulative deviation was low and higher water levels in the 2000s when higher rainfall was 
observed.  The proximity of the curves for observed and average data gives confidence for 
using average climatic data for the scenario simulations. 
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Figure 3-1 Comparison of simulated pit lake response using different time steps in 
WSIBal 

3.3  Scenarios 

To represent possible pit lake genesis in the North Star pit, three scenarios were modelled.  
These scenarios are: 

1. No groundwater inflow and full (100%) evaporation; 

2. Groundwater inflow of 20 L/s and 70% evaporation; and 

3. Groundwater inflow at 64 L/s and 70% evaporation 

Scenario 1 represents the minimum inflow (rain over the pit shell and no groundwater 
inflow) and maximum outflow (100% of evaporation).  This scenario will indicate the 
minimum level of water in the pit lake that is likely to eventuate.  It is possible that rainfall 
will form pools on benches not directly in the pit, but as major rainfall events (>10 mm/day) 
constitute over 80% of the rainfall, this is likely to have only a small effect. 
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Scenario 2 represents the maximum expected groundwater inflow (up to 20 L/s) calculated 
by WorleyParsons (2012a) for groundwater inflow into the pit, together with a commonly 
used factor of 0.7 (Kohler et al. 1955) for converting pan evaporation to evaporation from 
an open water body. 

Scenario 3 represents the maximum possible groundwater inflow (up to 64 L/s) calculated 
by WorleyParsons (2012a) for groundwater inflow into the pit, together with the same pan-
to- lake factor as Scenario 2. 

3.4  Solutes 

For the purposes of this exercise, the rainfall in the area is assumed to have a salt 
concentration of 10 mg/L and the groundwater is assumed to have the maximum recorded 
concentration in the vicinity of 1750 mg/L.  Evaporation is assumed to contain no salt and 
no precipitation is assumed to occur.  Table 3- 1 summarises the specified quantities of 
water and salt entering the pit each year.  It shows that the water inflow into the pit lake in 
these scenarios can be dominated by either the rainfall or groundwater inflows, but where 
groundwater inflows occur, they dominate the solute contribution. 

 

Table 3-1 Specified inputs of water and salt to the model for each scenario 

Scenario Volume 
Rain  

(GL/a) 

Mass Salt 
Rain 

(kg/a) 

Volume 
Groundwater 

(GL/a) 

Mass Salt 
Groundwater 

(kg/a) 

Rain 
% Inflow 

Rain 
% Salt 

1 1.36 16300 0 0 100 100 

2 1.36 16300 0.63 1.1 x 106 68.3 1.5 

3 1.36 16300 2.02 3.5 x 106 40.3 0.5 

The current analysis assumes that any groundwater seepage into the pit flows to the lake.  If 
the seepage points are located high above the pit lake surface then it is likely that at least 
some of the seepage evaporates before reaching the lake.  This has the potential to leave 
precipitates on the walls of the void.  However in any major rainfall event, these precipitates 
may be re- dissolved and enter the pit through runoff. 

3.5  Climate Change 

The effects of climate change on rainfall and evaporation rates were implemented for each 
scenario. 
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3.6  Sensitivity 

The sensitivity of the model to different groundwater inflows can be inferred from 
comparing Scenarios 2 and 3.  The sensitivity to the climate is included within the different 
climate change scenarios. 

The sensitivity analysis presented in this report analyses the responses of one of the 
scenarios to various changes in model inputs.  The sensitivity has been assessed by varying 
parameters such as the pan- to- lake coefficient, catchment area and external groundwater 
flow parameters. 
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4. MODEL RESULTS 

Each model run simulated a period of 1000 years.  The results are reported at the end of 
year 5, 10, 20, 50, 100, 200, 500 and 1000 years.  Each run shows the pit lake rising rapidly 
initially as the surface area of the lake is only a small fraction of the total area of the pit and 
the evaporation from the pit lake surface is small.  As the level of the pit lake increases, the 
surface area increases and so too does the annual evaporation.  The pit lake eventually 
attains an equilibrium level where the inflows balance the outflows.  

4.1  Scenarios 

The water levels in the pit lake for each scenario are shown in Figure 4- 1.  It shows the 
water level rising to a stable level of between - 74 m AHD for Scenario 1 and 102 m AHD for 
Scenario 3.  The salt concentration in the pit lake for each scenario is shown in Figure 4- 2 
with the salt concentration gradually increasing over time.  The maximum salt concentration 
simulated occurs in Scenario 3.  This is a function of the balance between evaporation from 
the pit lake concentrating the salt in the remaining volume, and the inflows from rainfall and 
groundwater inflow diluting the salt concentration. As the level in the lake increases, the 
surface area increases and the evaporation increases. Table 4- 1 contains the levels for pit 
lake at the specified times for each of the scenarios and their climate variants.  Table 4- 2 
contains the salt concentrations for the same. 

 



  

FORTESCUE METALS GROUP (FMG) 

NORTH STAR MINE PIT LAKE ASSESSMENT 

WATER AND SOLUTE MODELLING 

i:\projects\301012- 01773 north star pit lake assessment\5_engineering\hg- hydrogeology\reporting\rev 1\301012- 01773 north 
star mine pit lake assessment rev 1_adb.doc 
 Page 17 301012- 01773 :  Rev 1 : 04 July 2013 

 

Figure 4-1 Simulated water levels in North Star pit lake as a function of time for each 
scenario 

 

 

Figure 4-2 Simulated TDS concentrations in North Star pit lake as a function of time for 
each scenario 

 



  

FORTESCUE METALS GROUP (FMG) 

NORTH STAR MINE PIT LAKE ASSESSMENT 

WATER AND SOLUTE MODELLING 

i:\projects\301012- 01773 north star pit lake assessment\5_engineering\hg- hydrogeology\reporting\rev 1\301012- 01773 north 
star mine pit lake assessment rev 1_adb.doc 
 Page 18 301012- 01773 :  Rev 1 : 04 July 2013 

Table 4-1 Simulated water levels (m AHD) at different times in North Star pit lake 

Year Scenario 1 Scenario 2 Scenario 3 

1 - 180 - 172 - 160 

2 - 169 - 158 - 141 

5 - 148 - 130 - 105 

10 - 130 - 104 - 70 

20 - 109 - 72 - 27 

50 - 86 - 26 32 

100 - 76 1 70 

200 - 74 15 93 

500 - 74 18 101 

1000 - 74 18 102 

 

Table 4-2 Simulated salinity (TDS mg/L) in North Star pit lake 

Year Scenario 1 Scenario 2 Scenario 3 

1 13 586 1076 

2 14 614 1116 

5 16 665 1192 

10 19 728 1283 

20 24 833 1428 

50 38 1110 1849 

100 65 1620 2585 

200 126 2784 4221 

500 315 6743 9869 

1000 629 13483 19707 

Annual 
increase 

0.6 13.5 19.7 
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There is likely to be some additional salt generated from sediment- water and pit shell rock-
water geochemical interactions which will increase the total salinity under Scenario 1. The 
TDS values indicated for Scenario 1 are likely to be the minimum under the modelled 
conditions. 

A plan view of the North Star pit lake is shown as Figure 4- 3 and corresponding longitudinal 
and transverse cross- sections are shown on Figure 4- 4. Figures 4- 5, 4- 6 and 4- 7 present 
simulated 3- D images of the final water levels in the North Star pit lake under the various 
modelled scenarios. 
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Figure 4-3 Map showing the locations of cross section profiles presented in Figure 4-4. 
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Figure 4-4 Cross sections along the north-south (A-B) and west-east (C-D) axis of the 
pit showing water level elevations under Scenarios 1, 2 and 3. 
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Figure 4-5 Simulated 3-D image of the final North Star pit lake water level, at 1000 
years under scenario 1 (looking north from 1750m elevation) 



  

FORTESCUE METALS GROUP (FMG) 

NORTH STAR MINE PIT LAKE ASSESSMENT 

WATER AND SOLUTE MODELLING 

i:\projects\301012- 01773 north star pit lake assessment\5_engineering\hg- hydrogeology\reporting\rev 1\301012- 01773 north 
star mine pit lake assessment rev 1_adb.doc 
 Page 23 301012- 01773 :  Rev 1 : 04 July 2013 

 

Figure 4-6 Simulated 3-D image of the final North Star pit lake water level, at 1000 
years under scenario 2 (looking north from 1750m elevation) 
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Figure 4-7 Simulated 3-D image of the final North Star pit lake water level, at 1000 
years under scenario 3 (looking north from 1750m elevation) 
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4.2  Climate Change 

The results from the scenarios for current, low, medium and high climates are in Table 4- 3 
and Table 4- 4, with graphical representations of the pit lake hydrographs and salinity 
concentration changes in Appendix 1. These show that the final levels are expected to be 
lower and the salinity higher as the climate dries and the evaporation increases.  This shows 
that the external connections are also controlling the water levels attained in the pit. 

Table 4-3 Climate Change effect on steady-state pit lake levels (m AHD) 

Scenario Current Low Medium High 

1 - 74 - 84 - 93 - 101 

2 18 8 - 2 - 9 

3 102 91 81 74 

 

Table 4-4 Simulated annual rate of increase between 500 and 1000 years for TDS 
concentration (mg/L/year) in the North Star pit lake 

Scenario Current Low Medium High 

1 0.6 0.7 0.8 0.9 

2 13.5 15.0 16.8 18.3 

3 19.7 21.6 23.5 24.9 

 

4.3  Sensitivity 

The parameters used for the sensitivity analysis and the variation in parameters are shown 
in Table 4- 5.  The results from the sensitivity analysis are summarised in Table 4- 6 and 
Table 4- 7 for the water level at 1000 years (steady- state) and the final rate of increase in 
concentration in the pit (between 500 and 1000 years).  These results show that both the 
simulated water level and TDS concentration in the pit lake are most sensitive to the pan-
to- lake evaporation conversion coefficient.  Graphical representations of the results are 
provided in Appendix 2. 
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Table 4-5 Sensitivity analysis parameters 

Parameter Base 
Value 

Lower2 Lower1 Higher1 Higher2 

Pan- to- lake coefficient (- ) 0.7 0.5 0.6 0.8 0.9 

Catchment Area (ha) 396 317 356 436 475 

Aquifer Inflow (m3/d) 1728 864 1296 2160 2592 

Aquifer TDS (mg/L) 1750 750 1250 2250 2750 

Rain TDS (mg/L) 12 4 8 16 20 
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Table 4-6 Final Water Level (m AHD) in Pit for Sensitivity Analysis (Base level 18.37 m 
AHD) 

Parameter Lower2 Lower1 Higher1 Higher2 

Pan- to- lake coefficient (- ) 68.20 40.36 0.13 - 15.49 

Catchment Area (ha) - 1.77 8.64 27.66 36.56 

Aquifer Inflow (m3/d) - 5.28 7.02 29.06 39.29 
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Table 4-7 Final rate of TDS increase (mg/L/year) in Pit for Sensitivity Analysis (Base 
13.5) 

Parameter Lower2 Lower1 Higher1 Higher2 

Pan- to- lake coefficient (- ) 8.2 10.8 16.4 19.7 

Catchment Area (ha) 16.7 14.9 12.3 11.2 

Aquifer Inflow (m3/d) 8.9 11.5 15.1 16.3 

Aquifer TDS (mg/L) 5.9 9.7 17.3 21.1 

Rain TDS (mg/L) 13.3 13.4 13.5 13.6 
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5. PIT LAKE WATER QUALITY EVOLUTION 

The modelling results predict that a pit lake will form under all scenarios tested and that 
over time the water quality will become more saline (see Section 4). This section provides an 
assessment of the potential geochemistry of the pit lake waters and a comparison to 
ANZECC/ARMCANZ (2000) stock watering guideline values for context purposes. It is not 
assumed that stock will be able to access the pit lake post closure. 

5.1  Inflow water quality 

Groundwater quality data has been collected from two production bores and two associated 
monitoring bores. Selected physical parameters and major ions are presented in Table 5- 1. 
The EC of the groundwater samples ranged from 1030 µS/cm to 2760 µS/cm with the 
dominant ions found to be Mg, HCO

3
 and Cl. Major ions comprise a large part of the total 

dissolved solids in the inflow water and the concentrations of these ions will determine the 
hydro geochemical processes which will take place in the pit lake over time. 

 

Table 5-1 Groundwater quality from bore monitoring adjacent to the proposed pit 

Sample Point Gusboy Packer GVW06 GVW07 

Date 9/06/2011 9/06/2011 5/08/2009 5/08/2009 

pH 8.06 8.07 8 8.03 

EC (µS/cm) 1030 1120 1630 2760 

TDS (mg/L) 821 998 938 1750 

HCO3 (mg/L) 608 502 607 514 

CO3 (mg/L) < 1 < 1 1 1 

SO4 (mg/L) 19 66 39 546 

Cl (mg/L) 117 252 158 357 

Ca (mg/L) 24 32 50 41 

K (mg/L) 2 2 5 7 

Mg (mg/L) 155 169 149 134 

Na (mg/L) 39 59 79 507 
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Figure 5- 1 presents a piper diagram of the major ion distribution of the groundwater in the 
vicinity of the North Star project. While the groundwater is of generally good quality, there 
are elevated dissolved solids which give a salinity hazard of high to very- high across the 
four bore locations sampled. Bore GVW07 is dominated by sodium- sulphate ions, Packer 
bore by magnesium chloride and both GVW06 and Gusboy by magnesium bicarbonate. All 
samples were super- saturated with calcite and aragonite minerals indicating that these are 
likely to precipitate. 
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Figure 5-1 Piper diagram of the major ion distribution from groundwater in the vicinity 
of the North Star project 

Geochemical speciation modelling was undertaken (PHREEQC) to determine the dominant 
ions, saturation indices and potential for mineral salts to precipitate from the inflow waters. 
Using the GVW07 bore water quality, as representative of the closest bore to the proposed 
pit, the only mineral phases predicted to precipitate under normal inflow conditions (pre-
evaporation) were calcite/aragonite (CaCO

3
) and magnesite (MgCO

3
). Saturation indices were 

low (< 1) suggesting that the groundwater at this location is close to equilibrium with these 
phases. Neither mineral phases are eco- toxic or of risk to livestock watering or drinking 
values. 

5.2  Other pit lakes in the region 

With limited data available regarding the evolution of pit lakes in the Pilbara, a qualitative 
assessment of pit lake formation in a similar geologic setting (Nimingarra Iron Formation) 
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was undertaken via satellite imagery. Many of the deeper pits mined as part of the BHP 
Goldsworthy Iron Ore Mining Operations, to the north east of the proposed North Star pit, 
have formed pit lakes. 

Table 5- 2 provides a summary of the presence of pit lakes and estimated rate of water level 
change over the period for which satellite imagery was publically available (2002- 2012). 
There was a noted decrease in the water level of many pit lakes between 2002 and 2011, 
which was likely to have been a rebound from a very wet two year period in 1999- 2000 (see 
Figure 2- 2). This was not the case for pit lakes still to reach their equilibrium point, for 
which water levels rose at an estimated rate of 0.7 to 3.7 m/year. As with the Goldsworthy 
Pit, the rate of water level change decreased as it is assumed individual pit lakes approached 
the equilibrium point between inflows and outflows (including evaporation). The increased 
volume of the pits with increased water level is also a major factor in the apparent slowing 
of water level rise as the pit lake approaches equilibrium. 
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Table 5-2 Other pit lakes in the region including an indication of water level rise 

Mine Date of 
Closure 

Notes on pit lake water level Period assessed 

Sunrise Hill main 
pit (SHW7) 

Post 2003 Water in sumps 2003; Pit lake 
present 2011 

2003- 2011 

Shay Gap (SG1/3) 1993 Pit lake present 2002. WL 
decreased ~0.5 m/year since 

2002- 2012 

Shay Gap (SG7) Pre- 2002 Pit lake present 2002. WL 
decreased ~0.9 m/year 

2002- 2011 

Yarri main pit 
(Y2/3) 

Pre- 2006 Pit lake present 2006. WL 
increased from 2006 to 2011 
~3.7 m/year 

2006- 2011 

Sunrise Hill (SH8) Pre 2003 Pit lake present 2003. WL 
decreased ~0.5 m/year since 

2003- 2011 

Nimingarra Pit A Pre- 2002 Pit lake present in 2002; WL 
increased ~2.3 m/year to 2004 
then ~ 0.7 m/year to 2011 

2002- 2011 

Nimingarra Pit B Pre 2004 Pit lake formed between 2003 and 
2004. WL increased ~0.7 m/year 
2004 to 2011 

2002- 2011 

Nimingarra Pit F 
East and Pit I 

2007? Pit lake present 2011 2002- 2011 

 

5.2.1  Mount Goldsworthy and the North Star Pit 

The modelling of the Mount Goldsworthy Pit bears some mention when looking at the 
potential evolution of a North Star pit lake. It is one of the only pit lakes in the Pilbara which 
has been studied to any extent (Barr and Turner 2000; Wright 2000; Johnson and Wright 
2003; Sivapalan 2005) and is located approximately 140 km away from the proposed North 
Star mine.  

The mining (and dewatering) at Mount Goldsworthy ceased in 1982 with the base of the pit 
at - 140 m AHD, 177 m below the pre- existing water table. The water level in the pit lake 
rose to around - 8 m AHD in 2003 and has kept rising since at a rate of around 1 m/yr. No 
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measured groundwater inflow or mine dewatering volume were recorded although the 
dewatering was estimated to be about 27 L/s at the end of the life of mine. Sivapalan (2005) 
reported two other estimates for inflow – the first from AGC- Woodward- Clyde in 1992 of 
19- 37 L/s, and the second from Manning in 2004 of between 46 and 140 L/s.  Sivapalan 
estimated the flux at 41 L/s.  All these calculations back- calculate from the volume and 
concentration of salt in the pit and an average groundwater concentration. 

Initial groundwater salinities have been measured in a similar range at North Star (821 -
1750 mg/L) as they were at Mount Goldsworthy pre- mining (1420 -  2060 mg/L). 
Subsequent groundwater salinities at Mount Goldsworthy were higher however (4400 – 4900 
mg/L). The hydrogeology of both sites indicates low to moderate transmissivities in the host 
rocks and potentially low inflow rates to the resultant pits. 

Figure 5- 2 and Figure 5- 3 present the measured and calculated water level (elevation) 
change with time and the rate of change (m/year) in the Mount Goldsworthy pit since 
closure, respectively. Note that the 2005 to 2011 water level change rate was estimated 
from satellite imagery though is consistent with predictions (Sivapalan 2005). The pit filling 
rates for Goldsworthy were slightly lower though a similar order of magnitude to those 
predicted from the present modelling of the proposed North Star pit lake upon closure. The 
lower filling rates for Goldsworthy can be attributed to a shallower pit (~200 m) and faster 
approach to equilibrium with the local groundwater head than the proposed North Star pit 
(~500 m depth). 
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Figure 5-2 Water level change in the Goldsworthy Pit from closure (1982) to 2012 
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Figure 5-3 Rate of water level change in the Goldsworthy Pit 1982-2012 
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5.2.2  Predictions for Mount Goldsworthy (Sivapalan 2005) 

Sivapalan (2005) developed a DYRESM model for the Mount Goldsworthy pit lake using 
historical data and hind casting to create a model fit. Historical data was collected by AGC-
Woodward- Clyde in 1992, Graeme Campbell and Associates in 1994 and Golder Associates 
in 1996. 

A reproduction of historical water levels in the Mount Goldsworthy pit was successfully run 
using the DYRESM model before forecasting of levels was undertaken. Several forecasts were 
run, all predicting water levels would stabilise in 2014, 32 years post mine closure. Levels 
were not expected to recover to pre- existing water table levels (some 37 m above the final 
lake height) with the head difference resulting in a permanent inflow of groundwater to the 
lake balanced by evaporation losses. 

Salinity increases were also modelled with forecasts showing the salinity increase slowing 
with time. The modelled results indicated that the likelihood of the Mount Goldsworthy pit 
impacting the regional aquifers via a density driven plume was remote. However it is noted 
that the fit of the model to the field data was not supported by known literature. It was 
suggested that increased knowledge of groundwater salinities would improve the model and 
confidence in the predicted results.  

5.3  Evapoconcentration Effects 

The evaporation of a worst case scenario of groundwater of GVW07 bore quality dominating 
the pit lake geochemistry was undertaken using speciation modelling (PHREEQC). This 
process looked at the potential for salts to precipitate within the pit lake as evapo-
concentration occurred over time. Figure 5- 4 presents the saturation indices (above 0 
indicates a potential to form mineral precipitates) and ion activity products (active 
concentrations of the conjugate ions in solution) of the predominant minerals across the 
evaporation range of 0 to 99.9%.  

The evaporative concentration of the best and worst case TDS scenarios (Scenario 2 and 3 
respectively) after 1000 years are also shown. It can be seen that the calcium/magnesium 
carbonate minerals are likely to precipitate for the entire life of the pit lake but the sulphate 
(gypsum) and sodium chloride salt (halite) minerals are not likely to precipitate.  Evaporation 
will impact the water quality in the pit through increased salinity (TDS) though will not 
greatly influence the types of salts/minerals forming over time. 
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Figure 5-4 Saturation indices and Ion activity products with evaporation for selected 
mineral phases (GVW07) 

5.4  Comparison to relevant guidelines 

Given that the proposed North Star pit is likely to have constructed bunding and other 
mitigation measures to prevent ingress of people and livestock after closure, the water 
quality in the pit is unlikely to be relevant to values other than localised fauna use (e.g. bird 
migration. There are many salt lakes in the region and drying of pools with subsequent 
water quality deterioration on a seasonal basis is a typical feature of the largely ephemeral 
systems in the area. For this reason it is also likely that local fauna will be adapted to using 
water sources appropriate to physiological needs and avoiding those with excessive salt and 
poor water quality in general (e.g. WRM 2011, DoA 2004). 

The fact that there is no wetland in the vicinity of the proposed pit at present would 
preclude the relevance of aquatic ecological protection guidelines for the pit lake. The most 
relevant guideline is likely to be that for stock watering in the unlikely event that stock or 
non- native wildlife manage to gain access to the void after closure. It is assumed that the 
pit will be largely isolated from larger regional groundwater aquifer systems (see Section 
2.4) so migration of poor water quality is a low risk. 

The ANZECC/ARMCANZ (2000) guidelines for water quality within Australia have been 
widely adopted including in Western Australia as part of the State Water Management 
Strategy. These guidelines contain default trigger values for primary industry water uses 
including stock watering.  

Modelling predicts that the TDS guideline for stock watering of 4000 mg/L (beef cattle) will 
be met for all scenarios for the first ~150 years of pit lake formation. From ~150 years 
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scenario 3 will exceed these guidelines. Scenario 2 will also exceed the guidelines after 
~300 years. Scenario 1 (no groundwater input) will not exceed TDS guidelines for livestock 
watering. Local groundwater has a maximum TDS concentration of 1750 mg/L, well within 
the guidelines for stock watering. 

Other guidelines exist for specific elements/ions including calcium (1000 mg/L), 
magnesium (2000 mg/L) and sulphate (1000 mg/L). Calcium will not be exceeded under all 
scenarios up to the 1000 year post closure modelled period. Magnesium does not have a 
numerical trigger value due to insufficient information available but the text guidance 
indicates that there should not be a problem with respect to magnesium concentrations 
under all scenarios. Sulphate may exceed the guideline in a similar pattern to TDS noted 
above. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

A range of possible pit lakes have been assessed for the pit produced by the mining at 
North Star.  The most conservative scenario of no groundwater inflow and evaporation 
equivalent to the average pan evaporation indicates that there will be a pit lake formed in 
the void. 

It is suggested that Scenario 2 best represents the current understanding of the pit 
interaction with the local groundwater systems, with only small inflows from surrounding 
aquifers. This scenario predicts a steady- state water level of around 18 m AHD (200 m 
depth).  

Geochemical speciation modelling and comparison of evaporation effects on final pit lake 
water quality (to 1000 years) indicates that ecotoxicity risk is low, including that to livestock 
if ingress to the pit area occurs. Calcium/magnesium carbonate minerals are likely to be the 
predominant precipitates from the pit waters. 

It is recommended that in order to better understand the water levels and chemistry of a pit 
lake within the North Star Mine void, the following actions should occur: 

 Water levels in the vicinity of the pit are monitored during the mine life to ascertain 
whether there is any interaction with regional aquifers; 

 Rates of dewatering from abstraction bores and sumps within the pit are recorded; and 

 Observations are made of groundwater seepage rates and periodically seepage water 
samples are taken to ascertain seepage chemistry. It is important to take these 
observations both in dry periods and after large events. 
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Appendix 1 -  Hydrographs for Climate Change 
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Figure A1-1 Simulated pit lake water levels for Scenario 1 for current climate and the 
three climate-change scenarios 
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Figure A1-2 Simulated pit lake water levels for Scenario 2 for current climate and the 
three climate-change scenarios 
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Figure A1-3 Simulated pit lake water levels for Scenario 3 for current climate and the 
three climate-change scenarios 
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Figure A1-4 Simulated TDS concentrations in pit lake for Scenario 1 for current climate 
and the three climate-change scenarios 
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Figure A1-5 Simulated TDS concentrations in pit lake for Scenario 2 for current climate 
and the three climate-change scenarios 
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Figure A1-6 Simulated TDS concentrations in pit lake for Scenario 3 for current climate 
and the three climate-change scenarios 
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Appendix 2 -  Hydrographs for Sensitivity Analysis 
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Figure A2-1 Simulated pit lake water levels for different values of pan-to-lake 
coefficient 
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Figure A2-2 Simulated pit lake TDS concentration for different values of pan-to-lake 
coefficient 
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Figure A2-3 Simulated pit lake water levels for different multipliers of total catchment 
area 
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Figure A2-4 Simulated pit lake TDS concentration for different multipliers of total 
catchment area 

 

 



  

FORTESCUE METALS GROUP (FMG) 

NORTH STAR MINE PIT LAKE ASSESSMENT 

WATER AND SOLUTE MODELLING 

i:\projects\301012- 01773 north star pit lake assessment\5_engineering\hg- hydrogeology\reporting\rev 1\301012- 01773 north 
star mine pit lake assessment rev 1_adb.doc 
 Appendix 301012- 01773 : Rev 1 : 04 July 2013 

‐200

‐150

‐100

‐50

0

50

100

1 10 100 1000

W
at
e
r 
Le
ve
l (
m
A
H
D
)

Year

1728

864

1296

2160

2592

 

Figure A2-5 Simulated pit lake water levels for different values of groundwater inflow 
(m3/day) 
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Figure A2-6 Simulated pit lake TDS concentration for different values of groundwater 
inflow (m3/day) 
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Figure A2-7 Simulated pit lake TDS concentrations as a function of different TDS 
concentrations in rain (mg/L) 
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Figure A2-8 Simulated pit lake TDS concentrations as a function of groundwater TDS 
concentration (mg/L) 
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