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Robe River Iron Associates (Robe) are assessing the feasibility of an iron ore mining operation at Mesa A 

and Warramboo, located south west of the Pannawonica township in the Pilbara Region of Western 

Australia.  The deposit occurs as iron rich pisolite (Robe Pisolite).   

The proposed Mesa A operations will require a water supply of 1.5GL/yr (48L/s) for a period of approximately 

10 years.  Aquaterra Consulting Pty Ltd (Aquaterra) was commissioned to investigate potential water supply 

options.  A number of options were identified and investigations have included exploration drilling, 

permeability tests and analysis of the data, to determine the water supply potential and the possible impacts 

related to use of the water resources.   

Four water supply options were assessed in the Mesa A mine area.  These are:  

1. Mesa A bedrock aquifers 

The only aquifers are linked to fracturing within the Ashburton Formation bedrock (shale).   However, the 

fractured bedrock aquifers around the Mesa A ore body are too low yielding to be a suitable water source for 

the 1.5GL/a demand. 

2. Homestead Aquifer (Robe River alluvium) 

The alluvial gravels underlying and adjacent to the Robe River represent a significant groundwater resource.  

A small part of this aquifer would be capable of meeting the 1.5GL/a mine water supply requirement, with 

some water level declines. 

A production wellfield close to the river would lower the local watertable, which in turn would induce 

increased recharge from surface water flow.  A limited number of bores (2-3) could supply the demand, with 

a water level decline of up to 1.5m (100m from the pumped holes).  The water level decline is however totally 

dependant on the recharge from streamflow, which can be unpredictable. This unpredictability poses some 

risks related to the source reliability and on the impacts on water levels during periods of low recharge. 

Impacts on permanent ponds in the river and on groundwater dependant vegetation are possible, but have 

not been quantified. 

3. Warramboo Aquifer (Yarraloola Conglomerate) 

A number of water exploration bores were drilled at Warramboo investigating the water supply potential of 

the Yarraloola Conglomerate.  Airlift yields ranged from 1L/s to 8L/s, depending on aquifer thickness.   

To satisfy the water supply demand of 1.5GL/a for a ten year period, abstraction from a series of bores (~10) 

surrounding the mine site would result in a cone of depression that would extend out approximately 2km from 

the edge of the wellfield.  The 0.5m drawdown contour is expected to extend approximately 1.2km away from 

the edge of the wellfield, while the 2m drawdown would be approximately 100m away from the pumped 

bores.  With water levels being mostly greater than 15m below surface, impacts on groundwater dependent 

vegetation is expected to be limited.  
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4. Birdrong Sandstone Aquifer 

Drilling of two holes further east of Warramboo encountered Yarraloola Conglomerate but did not encounter 

any Birdrong Sandstone.  It is believed that the Birdrong Sandstone aquifer is located further to the west, 

possibly 5 to 10km away.  Until further drilling is undertaken, the potential of the Birdrong aquifer in this area 

cannot be assessed. 

Based on the preliminary assessment, the Warramboo Aquifer appears to be the most suitable water supply 

option, especially since impacts of dewatering appear to be low. More detailed aquifer testing will allow 

refinements to the aquifer parameters and to the wellfield design. It may be possible to install a smaller 

wellfield (lesser bore numbers), pumping at greater rates.  

 



TABLE OF CONTENTS 
 
 

F:\jobs\568\C3 Fieldwork\Report\018e.doc i  

EXECUTIVE SUMMARY...............................................................................................................ES-1 

SECTION 1  - INTRODUCTION.......................................................................................................1 

SECTION 2  - BACKGROUND........................................................................................................2 
2.1 Location........................................................................................................................................................................................2 
2.2 Topography.................................................................................................................................................................................2 
2.3 Climate.........................................................................................................................................................................................2 
2.4 Geology........................................................................................................................................................................................2 
2.5 Hydrogeology..............................................................................................................................................................................3 

SECTION 3  - INVESTIGATIONS AT MESA A...............................................................................4 
3.1 Background Information ............................................................................................................................................................4 
3.2 2004 Drilling Programme..........................................................................................................................................................4 
3.3 Water Quality ..............................................................................................................................................................................4 
3.4 Assessment of water Supply Potential ...................................................................................................................................4 

SECTION 4  - HOMESTEAD WELLFIELD INVESTIGATION........................................................6 
4.1 Hydrogeology..............................................................................................................................................................................6 
4.2 Modelling of Abstraction from River Alluvium ........................................................................................................................6 
4.3 Predictive Modelling...................................................................................................................................................................6 

4.3.1 1.5GL/a Mine Water Supply.........................................................................................................................................6 
4.4 Water Supply Potential..............................................................................................................................................................7 

SECTION 5  - WARRAMBOO AQUIFER INVESTIGATION ..........................................................8 
5.1 Mineral Exploration Drilling.......................................................................................................................................................8 
5.2 Water Exploration Drilling Progamme.....................................................................................................................................8 
5.3 Permeability Testing..................................................................................................................................................................8 
5.4 Water Quality ........................................................................................................................................................................... 11 
5.5 Water Levels ............................................................................................................................................................................ 11 
5.6 Preliminary Assessment of Aquifer Storage ....................................................................................................................... 11 
5.7 Modelling................................................................................................................................................................................... 11 

5.7.1 Conceptual Model....................................................................................................................................................... 12 
5.8 Dewatering Impacts ................................................................................................................................................................ 12 
5.9 Conclusions .............................................................................................................................................................................. 13 

SECTION 6  - BIRDRONG AQUIFER...........................................................................................14 
6.1 Drilling....................................................................................................................................................................................... 14 
6.2 Interpretation............................................................................................................................................................................ 14 

SECTION 7  - CONCLUSIONS......................................................................................................16 
7.1 Potential Water Supplies ........................................................................................................................................................ 16 
7.2 Recommendations .................................................................................................................................................................. 16 

SECTION 8  - REFERENCES........................................................................................................17 
 

 



TABLE OF CONTENTS 
 
 

F:\jobs\568\C3 Fieldwork\Report\018e.doc ii 

TABLES 

Table 1 Mesa A Drilling Summary.............................................................................................................................................5 

Table 2a Warramboo Drilling Summary 2004............................................................................................................................9 

Table 2b Warramboo Drilling Summary 2005..........................................................................................................................10 

Table 3 Warramboo Aquifer Permeability Analysis..............................................................................................................10 

Table 4 Scenarios Required to Meet Water Supply Demand.............................................................................................11 

Table 5 Simplified Parameters for Model...............................................................................................................................12 

Table 6 Birdrong Drilling Summary.........................................................................................................................................15 
 

FIGURES 

Figure 1 Location Plan 

Figure 2 Mesa A Drilling Location Plan 

Figure 3 Steady State Conceptual Model 

Figure 4 Steady State Model Predicted Drawdowns for 1.5GL/a Water Supply 

Figure 5 Warramboo Water Bore and Sections Location Plan 

Figure 6 Warramboo Aquifer Thickness 

Figure 7 Warramboo Aquifer Water Level Map 

Figure 8 Hydrogeological Section A-A’ 

Figure 9 Hydrogeological Section B-B’ 

Figure 10 Hydrogeological Section C-C’ 

Figure 11 Warramboo Proposed Wellfield 

Figure 12 Calibrated Water Levels  

Figure 13 Predicted Water Level Contours at 10 years 

Figure 14 Predicted Drawdown at 10 years 

Figure 15 Birdrong Location Plan 

APPENDICES 

Appendix A Borelogs  

Appendix B Penetration Rates  

Appendix C Static Water Level Data 

Appendix D Aquifer Test Plots 
 



 

F:\jobs\568\C3 Fieldwork\Report\018e.doc Page 1  

SECTION 1  -  INTRODUCTION 

Robe River Iron Associates (Robe) are evaluating the feasibility of developing an iron ore mining operation at 

Mesa A and Warramboo, located south west of the Pannawonica township in the Pilbara Region of Western 

Australia.  The deposit occurs as iron rich pisolite (Robe Pisolite).   

The proposed Mesa A operations will require a water supply of 1.5GL/yr (48L/s) for a period of approximately 

10 years, whereafter the demand will reduce.  Aquaterra Consulting Pty Ltd (Aquaterra) was commissioned 

to investigate potential water supply options.  A number of options were identified and investigations have 

included exploration drilling, permeability tests and analysis of the data to determine the water supply 

potential and possible impacts related to the use of water resources in the Mesa A and Warramboo region.   

Four water supply options were assessed in the Mesa A mine area.  These are:  

1. Mesa A bedrock aquifers 

2. Homestead Aquifer (Robe River alluvium) 

3. Warramboo Aquifer (Yarraloola Conglomerate) 

4. Birdrong Sandstone Aquifer 

The field exploration programme for these areas was conducted in two phases - the first in December 2004, 

and the second in September to November 2005.   

This report provides an assessment of available water sources in the Mesa A and Warramboo region and 

anticipated impacts associated with pumping.   
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SECTION 2  -  BACKGROUND 

2.1 LOCATION 

Mesa A and Warramboo are located south west of the township Pannawonica, approximately 160km south 

of Karratha (refer Figure 1).   

2.2 TOPOGRAPHY 

Mesa A and Warramboo are situated on a relatively flat coastal plain that is gently sloping to the west.  

Various mesas in the area create undulations and have an effect on surface water flow directions and 

drainage.  The Robe River is the major watercourse that flows through the region to the west. 

2.3 CLIMATE 

The region is arid, characterised by hot wet summers and warm dry winters.  Rainfall usually occurs between 

November and March, and is often a result of thunderstorms or tropical cyclones.  Average annual rainfall, 

measured at the nearby township of Pannawonica, is 366mm. 

2.4 GEOLOGY 

Regional Geology 

Mesa A and Warramboo are situated on the Peedamullah and Cape Preston Shelves, which form the 

eastern flank of the Barrow Sub-basin.  The Peedamullah Shelf is a northerly dipping block of Proterozoic, 

Palaeozoic and Triassic rocks, which has been overlain by a thin layer of Cretaceous and Cenozoic 

sediments.  It is separated from the Cape Preston Shelf and Pilbara Block to the east by the Sholl Island 

Fault and from the Barrow Sub-basin to the west by the Flinders Fault System (Thomas, 1978).   

Local Geology 

Mesa A and Warramboo ore bodies are situated within palaeo-valleys, in filled with iron rich pisolite, 

conglomerate and shale.  Around the Mesa, quaternary alluvium is underlain by the Nanutarra Formation 

(shale).  On the Mesa, a surface zone of weathered pisolite is underlain by solid Robe Pisolite, which varies 

in thickness from 10-20m on the flanks of the mesa, to 50m in the middle of the mesa. The pisolite overlies 

thin zones (<10m) of Yarraloola Conglomerate in places, although it has been noted on the northern side of 

the mesa that the pisolite directly overlies the Ashburton Formation.  Further east at Warramboo, the Robe 

pisolite is buried under 2-30m of alluvium. The thickness of the Robe Pisolite at Warramboo varies between 

8 and 20m and is underlain by approximately 20 to 30m of saturated Yarraloola Conglomerate.  The 

Yarraloola Conglomerate is thought to lie unconformably on the irregular surface of the Ashburton Formation 

and grade laterally into the Nanutarra Formation to the west (Commander, 1994).   

The Robe River flood deposits are up to 30m thick. On the coastal plain, the sediments are a mix of gravels, 

clays and silts.  Gravel deposits outcrop in the river bed, and occur in the subsurface within 3km of the river 

where they are concealed by the overbank deposits.  The gravel in the river bed consists of rounded, tabular 

pebbles of banded chert and jaspilite with rounded pebbles of basalt and quartz.  The chert, jaspilite and 

basalt were derived from Archaean or Lower Proterozoic rocks of the Hamersley Basin.  Some have also 

been reworked from the Yarraloola Conglomerate.  The gravel is thickest (15m) close to the present river 

course at Yarraloola Homestead.  It thins laterally away from the river and progressively downstream where 

it is interbedded with clay (Commander, 1994).   
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Outside of the Robe River, the Quaternary alluvium in this area is characterised by silts and clays.  The Robe 

Pisolite consists of pisolitic and massive iron oxides, detrital material and seams of clay.  It is a fluvial 

deposit, thought to be of Late Eocene age, and may have been subjected to lateritization and silicification in 

the Oligocene (Commander, 1994).   

The Cretaceous Yarraloola Conglomerate generally consists of moderately sorted, sub-angular to sub-

rounded chert, quartz and banded jaspilite pebbles in white to yellow sandy clay with occasional claystone 

and sandstone lenses.  The low incidence of silt and clay development, lack of fauna and flora and angularity 

of the pebbles within the Yarraloola Conglomerate, suggest that deposition occurred in a braided stream 

environment (Thomas, 1978). 

To the west of Warramboo, the Yarraloola Conglomerate is thought to grade laterally into the Cretaceous 

Birdrong Sandstone.  The Birdrong Sandstone is thought to be less than 50m thick and a poorly sorted, 

coarse to medium-grained felspathic sandstone.  Within the area around Warramboo, no deep drilling has 

been undertaken and the relationship between the Yarraloola conglomerates and the Birdrong Formation is 

unclear. 

2.5 HYDROGEOLOGY 

In the Mesa A area, the regional water table is situated below the base of the pisolite and the conglomerate, 

so potential aquifers only exist in the underlying Ashburton Formation.  This shaley bedrock is not known as  

a high yielding aquifer, with limited water strikes only linked to zones of secondary permeability, often linked 

to quartz veining.  There are some circumstances where water has been encountered during drilling on the 

contact between the Ashburton Formation and the overlying strata, but yields from this zone are low and may 

be evidence of a perched zone of seepage. 

The gravel of the Robe River grades laterally into floodplain silts and clays, which have a much lower 

transmissivity.  The alluvial gravels overlie relatively impermeable Tertiary, Cretaceous and Proterozoic 

rocks.  The Toolonga Calcitutite, Windalia Radiolarite, Muderong Shale and Ashburton Formation, form an 

impermeable base to the Robe River gravels (called the Homestead aquifer in this study).  Some downward 

leakage to the Yarraloola Conglomerate may take place, but it is considered small (Commander, 1978). 

At Warramboo the main aquifer is the Yarraloola Conglomerate, which is an unconfined aquifer.  It appears 

that the Yarraloola conglomerate becomes semi-confined to the west.  Results from the drilling of closest 

WAPT holes to the site (6km NE of Yarraloola Station homestead), show that the Birdrong Formation exists 

and is a confined aquifer, with artesian flows of between 5 and 10 L/s.   
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SECTION 3  -  INVESTIGATIONS AT MESA A 

3.1 BACKGROUND INFORMATION 

Prior to the 2004 Mesa A water supply investigation, there had not been a great deal of groundwater 

exploration drilling undertaken outside of the Robe River alluvium.  A bore was constructed to supply water 

to the Mesa A camp.  Limited information is available for this bore (Table 1), but it has been drilled into 

fracture zones within the Ashburton bedrock. 

3.2 2004 DRILLING PROGRAMME 

In December 2004, under contract with Robe, Ausdrill drilled eleven groundwater exploration holes at Mesa 

A.  Drilling sites were selected by Robe with considerations given to the geology of the area and 

observations during mineral exploration drilling.  Drilling commenced on 2nd December 2004 with all 

exploration work supervised by a Robe geologist and an Aquaterra hydrogeologist.  The bores were drilled at 

5½” diameter using Reverse Circulation (RC) techniques.  Samples were taken at 2m intervals and logged 

onsite.  Five of the eleven holes were completed with 50mm ND PVC Class 12, slotted over the water 

yielding zone and gravel packed to the surface using 3.2-6.4mm grade gravel.  Airlift yields were measured 

during drilling, while  the recovery of the water level after airlift development was measured, where possible.  

Refer to Table 1 for a summary of the drilling undertaken.  Drill hole locations are presented on Figure 2, 

while individual borelogs are presented in Appendix A.  Airlift yields ranged from 0.05L/s (dolerite dyke) to 

1.8L/s (fractured shale), but were generally less than 1L/s. 

3.3 WATER QUALITY  

Water samples were collected from six of the eleven holes drilled at Mesa A, as well as the water supply 

bore.  The quality of water at Mesa A varies from 900mg/L to 5500mg/L TDS with a pH of approximately 7.   

3.4 ASSESSMENT OF WATER SUPPLY POTENTIAL 

At Mesa A, the main aquifer system appears to be the Ashburton Formation (shale).  It is a thick unit 

(approximately 100m thick) and is low yielding.  The fractured zones encountered in MEAWO4088 and 

MEAWO4089 are associated with a dolerite dyke intercepted at these locations.  The dyke is approximately 

60m thick, but is low yielding.   

The fractured bedrock aquifers around the Mesa A ore body are too low yielding to be a suitable water 

source for the 1.5GL/a demand. 
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Table 1  
Mesa A Drilling Summary 

Hole ID Date 
Drilled 

Easting 
(m) 

Northing 
(m) 

Total 
Depth 

(m) 

Depth 
Cased 

(m) 

Slotted Depth 
Interval 

(m) 
Casing Type 

Water 
Level 
(mbgl) 

Airlift 
Yield 
(L/s) 

Transmissivity 
(m 2/day) Geology Field pH 

Field 
TDS 

(mg/L) 
Comments  

MEAWO4083 2/12/2004 386958 7603515 68 NC - -    Shale - - Blocked 

MEAWO4085 03/12 - 
5/12/2004 

387257 7603123 64.5 64.5 22-58 50mm PVC 10.25   Shale 7.5 2400 Near Mesa A water supply 
bore 

MEAWO4084 3/12/2004 387067 7604792 64 64 37-61 50mm PVC  1.8  Shale 7.5 (46m) 3400  

MEAWO4086 6/12/2004 386828 7605286 106 NC - - 8.8   Shale 7.4 (106m) 5500 Slight amount of water but 
when airlifted, no returns  

MEAWO4087 7/12/2004 386257 7605480 70 70 50-70 50mm PVC 11.41 0.116 0.4 Shale - -  

MEAWO4088 8/12/2004 385477 7605096 58 NC - - 15.02 0.05  Dolerite Dyke 7.4 (40m) 5500 Airlift could not be carried out 
as not enough water 

MEAWO4089 8-9/12/2004 384322 7604175 58 58 40-58 50mm PVC 22.7 0.5 4.75 Dolerite Dyke 7.3 (50m) 910 - 

MEAWO4090 9-10/12/2004 384015 76047252 100 100 76-100 50mm PVC 31.55 0.5 0.89 Shale 7.5 (76m) 1100 - 

MEAWO4090 - - - - - - - - - - - 7.1 (94m) 1040 - 

MEAWO4091 10/12/2004 383833 7603572 64 NC - - 33.15   Shale - - Dry 

MEAWO4092 10-
11/12/2004 

382897 7601171 76 NC - - 38.61 0.1  Conglomerate - - Conglomerate hole 1 

MEAWO4093 11/12/2004 384040 7601152 76 NC - - 35.42   Conglomerate - - Conglomerate hole 2 

Mesa A Water 
Supply Bore 

 387236 7603130 ? ? ?  10.39 0.67  Shale 7.1 1750  

7 mile  386939 7605211 ? ? ?        Collapsed 20 years ago 

3 mile  382359 7605998 ? ? ?  20*   Dolerite   Extremely salty 

Huberts  386436 7601232 ? ? ?  20*      Good water 

Wongoo  387839 7607953 ? ? ?  8*       

BHP town  387433 7607902 ? ? ?  10* 2.78     Large diameter bore planned 
for BHP town site in the 1960's 

NC: No Casing 
* Estimate 
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SECTION 4  -  HOMESTEAD WELLFIELD INVESTIGATION 

Assessment of the water supply potential of the Robe River alluvium and development of a wellfield near the 

Yarraloola station’s homestead (Homestead Wellfield) has been covered in a previous report (Aquaterra, 

2005).  The sections below are a summary from that report. 

4.1 HYDROGEOLOGY 

The hydrogeological conceptualisation was based mainly on the work of Commander (1994).  He 

investigated a 2km wide strip either side of the Robe River from Yarraloola Homestead extending 

approximately 20km to the northwest.  Bore yields of 1000-1300m3/d were demonstrated from the alluvium, 

with a maximum yield of 3000m3/d.  The saturated alluvium was reported as at least 5m thick, with a 

hydraulic conductivity of bet ween 200-250m/day and specific yield in the range of 0.1 - 0.15. 

Groundwater recharge is driven by ephemeral river flow in the Robe River.  Recharge is dependent on the 

flow duration and storage level of the aquifer, the latter governed by the preceding duration of no flow.  A 

small groundwater mound exists beneath the course of the Robe River as a result of intermittent recharge.  

Groundwater is discharged by evapotranspiration by phreatophytic vegetation (E.  Camaldelensis) that line 

the riverbanks, and by groundwater throughflow away from the river and downstream in the river alluvium to 

the coast.  Groundwater storage within the 20km stretch of the Robe River investigated by Commander was 

estimated at 70GL. 

Water quality is predominantly fresh near the Robe River, ranging from 400 to 700mg/L TDS and increases 

to greater than 1000mg/L TDS, more than 2km distance from the river.  Groundwater salinity also increases 

within the river alluvium downstream towards the coast. 

4.2 MODELLING OF ABSTRACTION FROM RIVER ALLUVIUM 

The numeric conceptualisation for the groundwater system modelled is presented in Figure 3.  The 

horizontal hydraulic conductivity was fixed at 250m/d for the alluvium and the specific yield was specified 

as 0.1.  The model representation was simplified, owing to the deficiencies in representing a highly variable, 

ephemeral flow driven recharge system in steady state mode (i.e. recharge for the Steady State model is 

presented annually, in reality recharge may not occur every year.). 

Water levels were calibrated to November 1985 observed levels, which is representative of an approximate 

average water level.  The steady state model was given the hydraulic parameters estimated by Commander 

and calibrating to an annual distributed recharge across the bank-to-bank area of the Robe River.  

Groundwater outflow was represented by evapotranspiration and throughflow.     

4.3 PREDICTIVE MODELLING 

4.3.1 1.5GL/a Mine Water Supply 

The calibration model was altered to represent a wellfield comprising two production bores with a yield 

equivalent to 1.5GL/a.  The calibrated annual recharge from the steady state model was applied to the bank 

to bank area of the Robe River and the evapotranspiration parameters were as represented in the steady 

state calibration model.  Groundwater outflow was allowed to vary depending on water level, by setting the 
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downstream model boundary as a General Head Boundary condition.  The initial water levels were taken 

from the steady state calibration model output. 

Two scenarios were trialled with the 1.5GL/a abstraction - one scenario with the bores located downstream 

from Yarraloola Homestead and the other with two production bores upstream.  The steady state model 

predicted drawdown for each case is presented in Figure 4.  Drawdowns were in the order of 1.5m or less, 

and could be mitigated further by reducing the individual well yields and installing more than two wells. 

4.4 WATER SUPPLY POTENTIAL 

The alluvial gravels underlying and adjacent to the Robe River represent a significant groundwater resource.  

A small part of this area would be capable of meeting the 1.5GL/a mine water supply requirement, with some 

limited water level declines.   

A production wellfield close to the river would lower the local watertable, which in turn would induce 

increased recharge from surface water flow that would normally discharge out to sea or seep into the 

groundwater flow system further downstream.  The magnitude of impacts related to abstraction is 

exceptionally difficult to quantify, since water levels are linked directly to stream flow events.  The highly 

variable nature of river flow would result in no flow durations during a 10-year mine life that may result in 

dewatering parts of the alluvium, reduction in the wellfield supply potential and subsequent risks to the 

reliability of the water supply to the mine.  The Robe River is also lined by River Gums, which represent a 

groundwater dependent ecosystem.  Any increase in the rate and extent of drawdown during a no flow 

interval, as a result of groundwater abstraction, may have negative impacts on this ecosystems health. Risk 

related to flood damage of the reticulation system also exist. 
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SECTION 5  -  WARRAMBOO AQUIFER INVESTIGATION 

5.1 MINERAL EXPLORATION DRILLING 

A number of holes were drilled at Warramboo for mineral exploration purposes prior to the water exploration 

drilling in December 2004, with some measurement of water strikes and airlifts.  The depths of these holes 

varied from 20m to approximately 80m and almost all intercepted the Yarraloola Conglomerate.  Airlift yields 

ranged from approximately 0.45L/s to 4L/s.  A number of these holes were completed without fully 

penetrating the conglomerate, hence the full thickness of the conglomerate was not clear.  Figure 6 shows 

the varying thickness of the Yarraloola Conglomerate as ascertained from these bores. 

5.2 WATER EXPLORATION DRILLING PROGAMME 

During December 2004, three bores were drilled at Warramboo (refer to Figure 5 for location plan).  Holes 

were drilled at 5½” diameter using reverse circulation (RC) drilling.  All three holes were cased using 50mm 

ND PVC Class 12.  Table 2a contains a summary of the drilling data and individual borelogs can be seen in 

Appendix A. 

In September 2005, Nudrill Drilling Company (Nudrill) were contracted by Robe to drill seven water 

exploration bores targeting the Yarraloola Conglomerate at Warramboo (refer to Figure 5 for location plan).  

Nudrill mobilised to site on 11th September 2005 and commenced drilling on 14th September using mud 

rotary techniques with a 9 7/8” roller bit.  Drill cuttings were collected at 2m intervals and were logged onsite 

and photographed.  Each bore was equipped with 155mm ND (149.5mm ID) PVC Class 12, with the slotted 

interval placed from the approximate water level to full depth.  The bores were completed with 6.4-3.2mm 

grade gravel from surface to total depth.  Airlift yields were recorded during airlift development of the bores.  

Recovery of the water level, upon completion of development, was also measured to allow a rough 

estimation of aquifer permeability.  Drilling details are summarised in Table 2b, while full logs are contained 

in Appendix A. Where possible, penetration rates were measured during drilling and can be seen in 

Appendix B. 

5.3 PERMEABILITY TESTING 

Pump tests were not conducted during the drilling programme, rather airlift recovery tests were conducted 

upon completion of bore development, allowing a rough estimation of aquifer parameters.  The airlift tests 

only allow a calculation of the aquifer permeability in the material directly adjacent to the bore. Longer term 

pumping tests, still to be undertaken, will provide more realistic “regional aquifer” data.  

Airlift recovery tests were conducted on the three observation bores drilled at Warramboo in December 2004, 

however only one test was successfully completed due to hammer oil and foam producing false readings in 

the other two.  A maximum airlift yield of 3L/s was measured and a transmissivity value of approximately 

1.6m2/day was calculated for bore MEAWO4095 (refer Appendix D for Airlift Recovery plots).  During the 

2005 drilling program, airlift yields ranged between 1L/s to 8L/s and transmissivity values were estimated to 

range between 10m2/d and 450m2/d.   The results of the permeability test analysis is summarised in Table 3. 

Base on the results available, the aquifer transmissivity has been selected at 100 m2/day. With an aquifer 

thickness of 25m, the hydraulic conductivity would be 4m/day – this is conservatively low for a conglomerate. 
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Table 2a   
Warramboo Drilling Summary 2004 

Hole ID 
Date  

Drilled 
Easting 
(GDA94) 

Northing 
(GDA94) 

RL 
(mAHD) 

Total 
Depth 
(m) 

Depth 
Cased 

(m) 

Slotted Depth 
Interval 

(m) 

Casing 
Type 

Water 
Level 
(mbgl) 

Airlift 
Yield 
(L/s) 

Geology Field pH 
Field EC 
(uS/cm) Comments 

MEAWO4094 11/12/2004 379891.1 7605919.3 59.1 46 45.4 21.4 - 45.4 
50mm PVC 

C12 
18.5 1-1.2 Conglomerate - - 

Recovery test failed due to 
hammer oil & foam 

producing false readings 

MEAWO4095 13/12/2004 377518.1 7605043.3 53.3 70 45 4 – 45 50mm PVC 
C12 

14.3 3 Conglomerate 
7.6 

(70m) 
2000 Hole collapsed 

MEAWO4096 14/12/2004 377373.1 7606438.3 49.6 46 44.5 20.5 - 44.5 50mm PVC 
C12 

10.9 2.8 Conglomerate 
7.5 

(46m) 
2230 Recovery test failed 

MEARC3947 19/10/2004 377125.0 7604830.0 - 52 NC - - 13.55 2 Conglomerate    

MEARC3984 26/10/2004 377614.7 7605144.6 53.5 70 NC - - 15.3 3.33 Conglomerate    

MEARC4006 30/10/2004 377568.1 7606640.0 49.2 54 NC - - 10.55 4 Conglomerate    

MEARC3719 19/09/2004 379665.6 7603613.3 64.2 56 NC - - 23.58 0.45 Conglomerate    

MEARC3724 19/09/2004 379646.2 7604212.3 66.6 50 NC - - 25.35 <0.45 Conglomerate    

MEARC3729 20/09/2004 379630.2 7604711.6 63.6 54 NC - - 22.64 1.81 Conglomerate    

MEARC3736 20/09/2004 379614.2 7605212.5 61.6 52 NC - - 20.73 <0.45 Conglomerate    

MEARC3739 25/09/2004 379597.0 7605710.1 58.9 52 NC - - 18.3 0.78 Conglomerate    

NC: Not Cased 
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Table 2b 
Warramboo Drilling Summary 2005 

Bore ID 
Easting 

(GDA94)1 
Northing 
(GDA94)1 

RL2 
(mAHD)  

Date 
Completed 

Total 
Depth 
(m) 

Depth 
Cased 

(m) 

Slotted 
Depth 

Interval (m) 

Casing 
Type 

Airlift 
Yield 
(L/s) 

Water 
Level 
(mbgl) 

Field 
pH 

Field 
TDS 

(mg/L) 
Geology 

WARWE4184 377820 7604861 55 19/09/2005 95 94 10-94 155mm 
PVC C12 

4 15.73 8.1 1346 Conglomerate 

WARWE4185 379287 7602983 74 25/09/2005 59 58 4-52 155mm 
PVC C12 

1 32.11 8.4 852 Conglomerate 

WARWE4186 377897 7602948 65 27/09/2005 48 NC - - - 23.72 - - Conglomerate 

WARWE4187 377297 7607089 49 02/10/2005 53 51 3-51 155mm 
PVC C12 

8 9.98 8 1391 Conglomerate 

WARWE4188 379103 7607140 54 05/10/2005 36 36 6-30 155mm 
PVC C12 

0.8 14.04 8.2 1944 Conglomerate 

WARWE4189 379614 7605112 62 10/10/2005 53 53 11-53 155mm 
PVC C12 

5.5 21.65 8.1 1313 Conglomerate 

WARWE4190 376372 7604849 51 14/10/2005 56 56 8-56 155mm 
PVC C12 

6.5 12.79 7.9 1027 Conglomerate 

NC: Not Cased 
1 : Reading taken from handheld GPS 
2: Elevation taken from adjacent mineral hole (surveyed) 

 
Table 3 

Warramboo Aquifer Permeability Analysis 

Bore ID Easting (GDA94) Northing (GDA94) Airlift Yield (L/s) Transmissivity (m 2/d)  

MEAWO4095 377518 7605043 3 1.6 

WARWE4184 377820 7604861 4 70 

WARWE4185 379287 7602983 1 94 

WARWE4187 377297 7607089 8 440 

WARWE4188 379103 7607140 0.8 10 

WARWE4189 379614 7605112 5.5 450 

WARWE4190 376372 7604849 6.5 1270* 

* Suspect data 
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5.4 WATER QUALITY 

Water samples were collected during airlift tests and during development for field analysis (refer Table 2a 

and 2b).  The quality of the water at Warramboo appears to be fresh with TDS values averaging 1300mg/L 

(EC values of around 2000µS/cm) and a pH between approximately 7 and 8 (slightly alkaline).  During 

development, water samples were collected with depth to identify different aquifers.  However, salinity was 

constant with depth, suggesting that the Warramboo aquifer is one unit.   

5.5 WATER LEVELS 

Water levels at Warramboo range between 10 and 30mbgl and are usually within the Robe Pisolite unit (refer 

Appendix D for static water levels and Figure 8 to 10 for cross sections).  Figure 7 displays the static water 

levels over the Warramboo area and indicates a general direction of flow to the north west, with a hydraulic 

gradient of approximately 0.001.    

5.6 PRELIMINARY ASSESSMENT OF AQUIFER STORAGE 

A preliminary assessment of the dewatering required to supply the 1.5GL/a demand was based on a wellfield 

exploiting an area directly adjacent to the proposed mine (approximately 10km2 area) and on abstraction 

from aquifer storage only.  Based on different specific yields (15 to 5%), the amount of dewatering may vary 

between 10m and 30m, respectively, in a 10km2 area.  Table 4 shows the amount of dewatering necessary 

to supply the mine demand of 1.5GL/a. This is a simplistic assessment and does not take into account 

rainfall recharge or radial inflow int o the abstraction zone.   

Table 4 
Scenarios Required to Meet Water Supply Demand 

Area 
(km2) 

Dewatering 
Depth  

(m) 

Aquifer 
Volume  

(m 3) 

Specific 
Yield 

Groundwater 
volume  

(m 3) 

Pumping 
Period  
(yrs) 

Supply 
(kL/a) 

Supply 
(GL/a) 

10 30 300,000,000 0.05 15,000,000 10 1,500,00 1.5 

10 15 150,000,000 0.1 15,000,000 10 1,500,00 1.5 

10 10 100,000,000 0.15 15,000,000 10 1,500,00 1.5 

 

5.7 MODELLING 

Refinement of the above calculation was undertaken utilizing a simplistic model to evaluate the lower 

drawdown expected where radial inflow to the abstraction zone occurs.  A simple analytical groundwater flow 

model, WinFlow Version 1.07 (Rumbaugh, 1995) was used.  WinFlow is an analytical model that simulates 

2-dimensional steady state and transient flow.  The transient model uses equations developed by Theis 

(1935) and Hantush and Jacob (1955) for confined and leaky aquifers, respectively.  Each model uses the 

principle of superposition to analyse the impact of analytical elements (such as well abstraction) in a uniform 

flow field.  Although this package is not as complex as other modelling software (for example, MODFLOW), 

the package is suitable for PER level assessment of impacts in a scenario where abstraction is linked to 

mine dewatering, and where there is no significant groundwater dependant vegetation due to relatively deep 

water levels (mostly >15 m below surface). 
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The conceptual model used for the modelling exercise is discussed below. 

5.7.1 Conceptual Model 

The conceptual model was derived using the permeability analysis and lithology information from the drilling 

(refer Figures 8 to 10 for Hydrogeological sections).  The parameters detailed in Table 5 were used in the 

set-up of the WinFlow model for the Warramboo aquifer.  Water levels used were from monthly monitoring 

conducted by Robe in the Warramboo area.  Figure 11 displays the proposed wellfield layout consisting of 

ten bores.  WinFlow assumes the aquifer to be uniform and have infinite lateral extent – to counter this 

simplification, the pumping rates for each bore were adjusted to take into account the reality of an aquifer 

system which is not infinite, especially to the east of the site.  Pumping rates from four bores on the eastern 

edge of the wellfield were reduced to 3L/s, while six bores on the northwest corner of the wellfield were 

pumped at 6L/s (518m3/d).  Abstraction was simulated for a ten year mining demand.  Recharge to the 

aquifer was assumed to be 1% of the annual rainfall to the area, which is 366mm/yr.   

Table 5 
Simplified Parameters for Model 

Parameter Value 

Hydraulic Conductivity (m2/d) 4 

Saturated Thickness (m) 25 

Hydraulic Gradient 0.001 

Direction of Flow  NW 

Recharge (m/d) 9.9x10-6 

Porosity 0.3 

Specific Yield 0.1 

Time (days) 3650 

 

5.8 DEWATERING IMPACTS 

The analytical model was calibrated to the water levels known in the area using a reference head and 

hydraulic gradient.  The calibrated initial heads are shown in Figure 12 and are similar to those actually 

measured (Figure 7).  The model was run as a transient state model for a duration of ten years. 

Figure 13 displays the predicted water levels after a pumping duration of ten years.  Water levels are 

predicted to drop by 0.5m at the southern end of the orebody to 1.5m at the northern end of the orebody.  

Changes in the water levels are localised to the wellfield, with greater changes around the bores pumped at 

a higher rate.  Figure 14 displays the predicted drawdown of the water table after a pumping duration of ten 

years.  At the end of the pumping duration, the drawdown is expected to be 0.5m three kilometres from the 

centre of the proposed wellfield (also the centre of the mine excavation).  Maximum drawdowns are 

predicted to be approximately 2 to 2.5m at the pumped wells.  As there is no significant groundwater 

dependent vegetation, a drawdown of 0.5m extending approximately 3km from the centre of the wellfield, is 

not expected to have a large impact on the surrounding vegetation.  The Warramboo Creek to the west of 

the wellfield is on the edge of the cone of depression and some recharge from this stream to the wellfield is 
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expected.  The creek is a losing stream, (ie not fed by groundwater, but feeds the groundwater system 

during periodic flow events), therefore it will not be greatly affected by the wellfield operation. 

5.9 CONCLUSIONS 

To satisfy the water supply demand of 1.5GL/a for a ten year period, abstraction from a series of bores 

surrounding the mine site would result in a cone of depression that would extend out approximately 2km from 

the edge of the wellfield.  The 0.5m drawdown contour is expected to extend approximately 1.2km away from 

the edge of the wellfield, while the 2m drawdown would be approximately 100m away from the pumped 

bores. 

Alternative wellfield layouts could be considered with a lesser number of bores pumping the same total 

volume.   Optimization of the best design could be based on economics and acceptable drawdowns. 
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SECTION 6  -  BIRDRONG AQUIFER 

6.1 DRILLING 

Two water exploration bores were drilled investigating the Birdrong Sandstone aquifer in October 2005 (refer 

Figure 15 for location plan).  These bores could only be sited on Robe tenements in areas where heritage 

and environmental approvals have already been granted, which limited the locations to areas adjacent to the 

Warramboo site.  Nudrill drilled the holes using mud rotary techniques with a 9 7/8” bit.  Drill cuttings were 

collected at 2m intervals and were logged and photographed on site.  Both holes were equipped with 155mm 

ND (149.5mm ID) Class 12 PVC, with the slotted interval placed from the approximate water level to depth.  

The bores were completed with 3.2-6.4mm grade gravel from surface to depth.  Airlift yields were recorded 

during airlift development of the bores.  Recovery of the water level, upon completion of development, was 

also measured.  Drilling details are summarised in Table 6 while full logs are contained in Appendix A. 

6.2 INTERPRETATION 

Drilling of these two holes did encounter Yarraloola Conglomerate but did not encounter any Birdrong 

Sandstone.  It is believed that the Birdrong Sandstone aquifer is located further to the west, possibly 5 to 

10km away.  Until further drilling is undertaken, the potential of the Birdrong aquifer in this area cannot be 

assessed. 
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Table 6 
Birdrong Drilling Summary 

Bore ID 
Easting 
(GDA94) 

Northing 
(GDA94) 

RL 
(mAHD) 

Date 
Completed 

Total 
Depth 
(m) 

Cased 
Depth 
(m) 

Slotted 
Depth 

Interval 
(m) 

Casing Type 
Airlift 
Yield 
(L/s) 

Water 
Level 
(mbgl) 

Field 
pH 

Field 
TDS 

(mg/L) 
Geology 

TDBWE4184 375036 7602825 62 29/10/2005 80 80 8-80 155mm PVC C12 7.7 14.5 7.9 598 Conglomerate 

DCBWE4184 370114 7602777 - 07/11/2005 94 94 4-94 155mm PVC C12 9.5 13.5 7.9 3040 Conglomerate 
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SECTION 7  -  CONCLUSIONS 

7.1 POTENTIAL WATER SUPPLIES 

Water exploration drilling was conducted in four areas to assess the water supply options available to meet 

the mine water supply demand of 1.5GL/a.  The fractured bedrock aquifer around Mesa A was investigated 

in 2004 and does not have the potential to supply the demand.  The Yarraloola Homestead aquifer (Robe 

River alluvium) has a high water supply potential and could supply the demand from two bores.  Two 

potential wellfield sites exist, with a drawdown in the river alluvium of up to 1.5m (100m from the pumped 

holes) expected.  However, the sporadic stream flow means unreliable recharge to the aquifer, which results 

in uncertainty related to the drawdown calculations and also to the water supply.  There may also be 

significant environmental issues associated with the proposed dewatering and some practical problems 

related to operation of a wellfield in a floodplain.  Based on preliminary assessment, the Warramboo Aquifer 

appears to be the most suitable water supply option.  The aquifer is permeable enough to deliver suitable 

production bore yields (5L/s to 10L/s), while predicted drawdowns are under 2.5m in the area where the mine 

is to be developed.  With water levels of 15m to 20m below surface, groundwater dependant vegetation is 

not expected.  The Birdrong Aquifer is known to be a high yielding aquifer, however the drilling undertaken 

suggests the aquifer is located further east of the Warramboo region. 

7.2 RECOMMENDATIONS 

The assessment on the Warramboo aquifer needs to be revised as more data become available.  Further 

work required includes: 

• Undertaking long duration aquifer tests to determine aquifer parameters  

• Installation of productions bores  

• Detailed modelling of the Warramboo aquifer 

• Optimisation of wellfield design. 
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