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1 INTRODUCTION 

1.1 GENERAL 
 
Olympia Resources Limited is planning to mine mineral sands in the Keysbrook area, 
55 km to the south of Perth.  The mineral sands deposit is located in Superficial deposits – 
Bassendean Sand – with an average ore thickness of about two metres. 
 
Shallow-aquifer dewatering will be required, to allow the deposit to be mined to its base.  
Water supplies of up to 2 GL/annum will be required for mineral processing; this supply 
will be obtained from the underlying Leederville aquifer and from dewatering water when 
the quality and quantity of the latter are suitable. 
 
This report presents an evaluation of the hydrogeological conditions at the Keysbrook 
minesite, and the results of numerical modelling undertaken to assess dewatering 
requirements and drawdown effects of pumping from the Leederville aquifer.  It will be 
used to support applications for groundwater licences. 
 
1.2 LOCATION 
 
The proposed Keysbrook minesite is located about 55 km south south east of Perth, and 20 
km east north east of Mandurah (Figures 1 and 2).  It covers an area of about 20 km2.  The 
mine area lies on the southern and northern margins of the Serpentine and Murray 
Groundwater Resource Allocation Areas respectively. 
 
The towns of Keysbrook and North Dandalup lie close to the mining area: within two 
kilometres of its eastern margin. 
 
1.3 PREVIOUS WORK 
 
Several reports describe the hydrogeology of the area and the results of exploratory drilling 
for groundwater supplies.  The investigations were conducted by the Metropolitan Water 
Board, the Metropolitan Water Authority, and the Geological Survey of Western Australia. 
 
The Superficial aquifer was evaluated in 1975 in Stage 3 of the Lake Thompson project 
(Allen, 1976); fifteen bores were drilled across the Karnup–Dandalup Area to determine 
the aquifer stratigraphy, water levels, and water quality.  Between 1962 and 1977 several 
deep exploratory water bores were drilled into the Leederville and Yarragadee aquifers 
across the greater region, along the Mandurah and Becher Point Lines.  Then, 11 artesian 
monitoring bores of about 350 m depth were constructed from 1980 to 1986 (Allen, 1981, 
and Davidson, 1995). Two of these bores, AM64 and AM66, immediately border the 
mining area. 
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General hydrogeological descriptions have been given by Morgan (1969), Allen (1976 and 
1981), and Davidson (1984).  In recent times, Davidson (1995) compiled a detailed review 
of the hydrogeology of the Perth area. 
 
Data for the various exploratory bores are available on the Department of 
Environment’s (DoE) WIN database and in Davidson (1995).  Monitoring data and details 
of licensed bores are also held in a DoE database.  Locations of existing bores in the 
project area are shown in Figure 3.  
 

2 SETTING 

2.1 PHYSIOGRAPHY 
 
The Olympia Resources’ proposed Keysbrook minesite is situated on the Swan Coastal 
Plain, about three kilometres west of the Darling Scarp (Figure 2).  The greater area is 
bounded in the north and west by the Serpentine River, in the south by the South Dandalup 
River, and in the east by the Darling Scarp. The ground surface rises from about 
15 m AHD in the west to about 80 m AHD along the Ridge Hill Shelf at the eastern margin 
of the Swan Coastal Plain.  The coastal plain is generally flat except for some low 
undulating topography formed by the Bassendean Dunes.  A map showing surface 
contours for the proposed mining area is shown in Figure 4. 
 
A number of small drainages rise on the Darling Scarp and flow onto the coastal plain 
between the Serpentine and South Dandalup Rivers; three of them cross the proposed mine 
area.  The courses of these drainages on the coastal plain are poorly defined, and in some 
cases the courses have been altered (straightened) by excavation.  
 
A number of wetlands and seasonally-waterlogged areas occur west of Hopelands Road. 
Extensive networks of drains over the farmland carry excess water to the Serpentine River 
via these wetlands.  
 
2.2 CLIMATE 
 
The area has a Mediterranean-type climate with hot dry summers, and cool wet winters. 
The mean annual rainfall at Serpentine is about 1,100 mm, which would approximate the 
rainfall in the project area.  Rainfall data for Serpentine (Table 1) show the seasonal 
variation of rainfall encountered in the area.  About 77 % of rainfall occurs between May 
and September; in these months, rainfall exceeds pan evaporation.  Annual potential pan-
evaporation is about 1,600 mm (Table 1b). 
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Table 1 – Rainfall and Evaporation Data 
 
A. Average Rainfall at Serpentine 1963 – 2005 (Bureau of Meteorology Data) 
 

Month Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Ave Rainfall 
(mm) 6 22 23 54 139 197 217 184 124 71 49 17 1,113 

 
B. Average Evaporation at Perth (Regional Office) 
 

Month Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Ave Evaporation 
(mm) 254 216 192 120 84 60 62 78 105 155 189 239 1,646 

 
C. Average Nett Rainfall (A-B) 
 

Month Jan  Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 
Ave Nett 
Rainfall (mm) -248 -194 -169 -66 55 197 155 106 19 -84 -140 -222 -533 

 

3 GEOLOGY 
 
The property is located in the Perth (sedimentary) Basin and is underlain by about 10 to 
15 m of Superficial formations (Quaternary age), comprising the Bassendean Sand and the 
Guildford Formation.  These formations unconformably overlie about 50 to 130 m of the 
Leederville Formation – Wanneroo and Mariginiup Members – of Cretaceous age.  The 
Mariginiup Member underlies the project area whereas the Wanneroo Member, up to 25 m 
in thickness, is present only in the very western part.  The Leederville Formation 
unconformably overlies the Cattamarra Coal Measures in the east, and conformably 
overlies the South Perth Shale in the west.  A cross section of the strata is presented in 
Figure 5. 
 
About two kilometres to the east of the property the Cretaceous-age strata are absent, and 
the superficial formations rest unconformably on the Cattamarra Coal Measures.  
 
The sedimentary strata of relevance to the present study are listed in Table 2. 
 
Table 2 – Stratigraphic Sequence in the Serpentine Area 
 

Age Strata 

Quaternary Superficial formations Bassendean Sand 
Guildford Formation 

---------------------------------------------Unconformity---------------------------------------------- 

Cretaceous 
Leederville Formation 

South Perth Shale 
Gage Formation 

Wanneroo Member 
Mariginiup Member 

---------------------------------------------Unconformity---------------------------------------------- 

Jurassic Yarragadee Formation 
Cattamarra Coal Measures  

{
{
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Within the Leederville Formation adjacent to the Darling Scarp it is common to intersect 
scree boulders of granite rock, causing significant drilling difficulties.  A bore constructed 
into the Leederville aquifer about 400 m north of the proposed initial plant site encountered 
boulders from 30 to 55 m below ground surface. 
 

4 HYDROGEOLOGY 
 
The Superficial formations and the underlying Leederville Formation and Yarragadee 
Formation are the main aquifers containing fresh groundwater that is tapped for water 
supplies (Allen, 1981).  These aquifers and their inter-relationships are listed in Table 3 
and illustrated in Figures 5 and 6. 
 
Table 3 – Aquifers in the Serpentine Area 
 

Maximum 
Thickness

Thickness of 
Sand/Sandstone 

Beds
Salinity

(m) (m) (mg/L TDS)
Superficial 
aquifer

Superficial formations 15 Unconfined  up to 12 200 - 1,500

Leederville 
aquifer

Leederville Formation 130 Semi-confined up to 30 500 - 3,000

Gage Formation
Yarragadee Formation
Cattamarra Coal Measures

250 - 3,000Yarragadee 
aquifer

1,500 Confined,
multi-layer

10 - 100

Aquifer Geological Formation(s) Aquifer Type

 
4.1 SUPERFICIAL AQUIFER 
4.1.1 Groundwater Occurrence 
 
An unconfined aquifer averaging about 12 m in thickness occurs beneath the Serpentine 
area within the Superficial formations.  The lithological log from a monitoring bore 
(WIN ID 3111) constructed on the boundary between Lots 59 and 300 (the proposed initial 
plant site) indicates that here the upper four metres of the Superficial formations consist of 
Bassendean Sand: a fine- to coarse-grained, poorly sorted quartz sand, with common heavy 
minerals in the lower two metres.  Elevations of the base of the Bassendean Sand are 
contoured in Figure 7 from mineral drilling data.  Values of water levels and saturated 
thickness of the sand are given for four bore locations.  Sediments intersected from four to 
twelve metres below ground surface at WIN ID 3111 correlate with the Guildford 
Formation, consisting of clayey sand and sandy clay overlying the Leederville Formation 
(Figure 6).  The upper surface of the Guildford Formation is partially ferruginised at some 
locations. 
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Mineral and exploration drilling data collected by Olympia Resources indicate that the 
thickness of Bassendean Sand over the mining area ranges from 0 to 8 m, with an average 
of about 2.2 m (Figure 8).  The base of the Bassendean Sand broadly slopes down to the 
west in a similar manner to the ground surface contours (Figures 4 and 7). 
 
Data collected from production and monitoring bores within a four-kilometre radius of the 
proposed plant site indicate that the thickness of the Superficial formations is variable, 
ranging between 10 and 15 m. 
 
A groundwater flow system bounded by the Serpentine River to the north and west, and the 
South Dandalup River in the south occurs in the Superficial aquifer; it is referred to as the 
Serpentine Area flow system (Davidson, 1995).  The water table here slopes from about 
60 m AHD near the Darling Scarp to about 10 m AHD along the discharge boundaries 
formed by the Serpentine and South Dandalup Rivers (Figures 2 and 9).  Groundwater in 
the Superficial aquifer flows mainly westwards under the prevailing hydraulic gradient. 
The Superficial aquifer in the Serpentine area acts as a recharge source for the underlying 
Leederville aquifer. 
 
Groundwater in the Superficial aquifer is derived from recharge resulting from direct 
rainfall on the ground surface, and local stream runoff from ephemeral drainage networks 
flowing from the Darling Plateau (Fig. 2).  Recharge occurs mainly between May and 
September.  The watertable across the Serpentine area ranges from zero depth at the 
wetlands to about 5 m below ground surface (bgs).  It varies seasonally by about 0.2 to 
1.5 m, being highest in September/October and lowest in March/April.  
 
Data from the Lake Thompson Superficial-aquifer monitoring bores near the proposed 
mining area show that water levels in 2003/2004 were 0.35 to 1.23 m bgs in winter, and 
0.60 to 2.78 m bgs in summer.  Text-Figure 1 (p. 6) presents the hydrograph for Lake 
Thompson Bore LT 620 (WIN ID 3111), located at the proposed initial plant site.  It 
indicates that prior to 2000, seasonal fluctuations were generally 0.8 m or greater; post-
2000 the fluctuations appear to be subdued, e.g. 0.25 m in 2003.  This may be due to the 
construction of shallow drains nearby or the reduction of measurement-frequency to twice 
per year, resulting in the minima and maxima being un-recorded.  Prior to 2000, water 
levels measured in winter were commonly above ground surface (33.56 m AHD) at 
LT620.  A similar pattern is evident in the hydrograph for Bore LT 670. 
 
At the Lake Thompson bores the saturated thickness in the Bassendean Sand (the strata 
where dewatering is required for mining) ranges from zero to 1.3 m in summer and 1.3 to 
2.1 m in winter (Fig. 7).  Where the base of the Bassendean Sand is deeper, the saturated 
thickness of this unit attains 6 m (at the winter maxima). 
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Text-Figure 1 – Hydrograph for Bore LT 620 (Ground Surface = 33.56 m AHD) 
 

Data collected from monitoring bores constructed into the Superficial and Leederville 
aquifers show that there is a downward hydraulic gradient, giving potential for downward 
vertical leakage into the Leederville aquifer (Fig. 5). Water levels in the Superficial aquifer 
are higher than the potentiometric surface of the Leederville aquifer in Bore AM63A (WIN 
ID 3428) and Bore AM66A (WIN ID 3426) by 14.5 m and 7 m respectively, using winter 
water-level maxima. Groundwater discharge also occurs as throughflow into the Serpentine 
and South Dandalup Rivers, and into drains when the water table is above their base. 
 
4.1.2 Groundwater Quality 
 
In the project vicinity, groundwater salinities in the Superficial aquifer range from 200 to 
1,000 mg/L TDS in the four Lake Thompson bores, although in the wider Serpentine area 
they range up to 2,700 mg/L TDS.  Higher-salinity groundwater is generally found near 
discharge areas of the aquifer.  Partial analyses for water samples taken from the local 
Lake Thompson bores are given in Table 4.  They show that colour, turbidity, and iron 
content vary strongly over the area, and locally one or more of these factors would 
determine that the water was not suitable for some uses (e.g. drinking) unless treated. 
 
Table 4 – Partial Analyses of Water Samples from Lake Thompson Bores (1975) 
Bore TDS (mg/L) Colour (APHA) Turbidity (APHA) Fe (mg/L) Free CO2 (mg/L) Comments 
570 180 <5 <10 0.64 66 After pumping 1 hr @ 16 m3/day 
610 240 580 440 3.1 119 After pumping 1 hr @ 37 m3/day 
620 950 <10 1800 5.6 159 - 
670 300 70 330 19 56 After pumping 1 hr @ 16 m3/day 

 
4.1.3 Acid Sulphate Soil 
 
An Acid Sulphate Soil (ASS) risk map has been developed for the Swan Coastal Plain by 
the Department of Environment (DoE), by classification of map units from the 1:50,000 
Urban Geology and Environmental Geology map Series.  The map shows that for most of 
the mining area there is a moderate to low risk of ASS occurring within 3 m of the ground 
surface (but that ASS most likely occurs at depths greater than 3 m below ground surface).  
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Small ephemeral swamp areas containing peaty sand are located on Lots 59 and 63 to 64; 
they were rated as a high to moderate risk of ASS occurring within 3 m of the ground 
surface.  The map has not been ground-truthed, so further investigation is required in these 
areas to determine whether steps should be taken to avoid acid-generation.  
 
4.1.4 Groundwater Resources 
 
The groundwater resources in the Superficial formations – as adopted by the Department 
of Environment – are as follows: 
 
Serpentine Groundwater Area – Keysbrook 1 and 2 Sub-areas: 

5.32 x 106 m3/yr total, with 2.24 x 106 m3/yr currently allocated. * 
 
Murray Groundwater Area – Nambeelup Sub-area: 

11.8 x 106 m3/yr total, with 1.08 x 106 m3/yr currently allocated. * 
*  These values are subject to change. 

 
In the vicinity of the proposed mine area there are 25 licensed draw-points tapping the 
Superficial aquifer. Their locations are shown in Figure 3.  The current licensed production 
rates from these draw-points range from 500 to 210,000 m3/yr and total 560,000 (0.56 x 
106) m3/yr. 
 
Given that the aquifers are the Bassendean Sand – with only 1 to 6 m of saturation 
generally – and the Guildford Formation of low permeability, the amounts of water 
available from individual locations are not very large.  The most productive draw-points 
would be drains or ditches of significant length. 
 
4.2 LEEDERVILLE AQUIFER 
4.2.1 Groundwater Occurrence 
 
In the Serpentine area, the Leederville aquifer is a multi-layered aquifer up to 130 m thick, 
consisting of discontinuous interbedded sandstone, siltstone, and shale of the Wanneroo 
and Mariginiup Members (of the Leederville Formation).  Interfingering of the strata 
causes the aquifer to be locally confined by shale (Allen, 1981).  
 
The proposed mine site is located within a recharge area for the Leederville and 
Yarragadee aquifers; both are in hydraulic connection with their respective overlying 
aquifer, and there are downward hydraulic gradients.  Thus the Leederville aquifer receives 
groundwater from the superficial aquifer and transmits it mainly westwards (Fig. 10).  
Downstream, some of the Leederville groundwater discharges into the Superficial and 
Rockingham aquifers. 
 
Information from a production bore (WIN ID 20024619, GWL 54304) constructed in the 
Leederville aquifer about 400 m north-north-west of the proposed initial plant site indicates 
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that the Leederville Formation at that location is about 75 m thick, overlain by 8 m of 
Superficial formations.  The lithological log shows that there is about 52 m of available 
aquifer material (from 31 to 83 m below ground surface), consisting mainly of medium-
grained sandstone with silt or shale interbeds.  The bore was test-pumped at 2,994 m3/day 
(34.5 L/sec), which suggests that a supply of 2,740 m3/day (32 L/sec) might be available 
from a single bore; this will depend on the bore construction and local aquifer 
characteristics.  
 
4.2.2 Groundwater Quality 
 
Groundwater salinities within the Leederville Formation in the Serpentine area range from 
about 500 to 3,000 mg/L TDS, and are generally less than 1,000 mg/L TDS.  Salinities 
generally increase to the west and with depth, from fresh water near the surface (where 
direct recharge occurs from the overlying Superficial aquifer) to brackish in some places 
(Davidson, 1995).  The salinity is difficult to estimate reliably from resistivity logs of bore-
holes because variable cementation of the sands affects the formation factor (Rockwater, 
1997). 
 
Analyses of water samples from Leederville aquifer monitoring bores (AM series) near the 
mining area are not presently available.  However, the water is anticipated to be neutral (or 
possibly slightly acidic), clear and colourless, and to contain dissolved iron ranging from 
about 0.2 to 15.0 mg/L (Allen, 1981; Davidson, 1995). 
 
4.2.3 Groundwater Resources 
 
The groundwater resources of the Leederville aquifer – as adopted by the Department of 
Environment – are as follows: 
 
Serpentine Groundwater Area – Keysbrook 1 and 2 Sub-areas: 

Leederville: 1.76 x 106 m3/yr total, with 0.80 x 106 m3/yr currently allocated. * 
 
Murray Groundwater Area – Nambeelup Sub-area: 

Upper Leederville: 6 x 106 m3/yr total, with 1.44 x 106 m3/yr currently allocated. * 
Lower Leederville: 3 x 106 m3/yr total, with 0.11 x 106 m3/yr currently allocated. * 

*  These values are subject to change 
 
The southern section of the mining zone lies within the Nambeelup Sub-area of the Murray 
Groundwater Resources Allocation Area and is favoured for the development of 
groundwater supplies, as it contains the largest unallocated groundwater resource.  For 
management purposes a green clay marker, of about 5 to 10 m in thickness, divides the 
Leederville aquifer into upper and lower units.  The Upper Leederville aquifer, located 
along the western margin of the mining area, has an allocation limit of 6 GL/annum, of 
which about 21 % has been allocated.  The Lower Leederville aquifer has an allocation 
limit of 3 GL/annum, of which about only 4 % has been allocated (DoE, unpublished).  It 
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is proposed that application be made to draw the project’s expected water requirements of 
2 x 106 m3/yr (2 GL/annum) from the Lower Leederville Formation in the Nambeelup Sub-
area. 
 
4.2.4 Bore Design 
 
The water-supply bores are designed to draw from the Lower Leederville aquifer.  Based 
on the results from bore WIN 20024619 (400 m to the NNW) a bore is planned to be 
drilled to about 80 m below ground surface and fitted with stainless steel screen of 20 to 50 
m length depending on the thickness of sand aquifer.  The Superficial groundwater would 
be excluded from the bore by cement-grouting an upper steel casing string from the ground 
surface to about 10 m depth.  A drawing showing the bore design is presented in Figure 11. 
 
For feasibility-study purposes, it is assumed that three water-supply bores will be 
constructed, to provide the required supply and standby capacity (depending on results). 
 

5 NUMERICAL MODELLING OF GROUNDWATER EFFECTS 
 
A numerical model was constructed to represent aquifers of the Bassendean Sand, 
Guildford Formation, and Leederville Formation, and to predict changes in groundwater 
levels as a result of the operation of the Keysbrook Mineral Sands Project.  It was designed 
to evaluate water-level changes in the Bassendean Sand when mining cells are dewatered 
to the base of this mineral-bearing formation and to estimate rates of water flow into the 
excavations.  Secondly, it provides calculated values of water-level drawdown in the 
Leederville Formation arising from the proposed pumping of one or more bores to produce 
5,300 m3/d (2 GL/a) for mineral processing. 
 
Parameters for the model have been derived from hydrogeological publications, e.g. 
Davidson (1995), the WIN database of the Department of Environment, and Olympia 
Resources mineral drilling.  No field testing or measurements were undertaken.  The 
elevations and water flows in drains and water-courses are un-measured and are not 
incorporated in the model; their effect is covered by assignation of reduced values of 
recharge from rainfall. 
 
5.1 DESCRIPTION OF GROUNDWATER MODEL 
 
The model uses Processing Modflow Pro, which incorporates Modflow, the industry-
standard finite-difference groundwater modelling software designed by the U.S. 
Geological Survey (McDonald and Harbaugh, 1988).  It consists of a variable rectangular 
grid of 91 rows and 51 columns and three layers covering an area 8.5 km east-west by 
14 km north-south.  Figure 11 shows the layout of the central part of the model including 
rivers and stylised pit and tailings areas for the second half of the Year 1.  The model is 
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bounded by barrier boundaries or inactive cells around the perimeter except for the western 
edge which has a constant-head boundary.  Inactive cells are assigned to the areas where 
the given layer is interpreted to be unsaturated or absent.  Model cells are mainly 150 m by 
133 m in size, with peripheral cells up to 1050 m in length. 
 
Figures 12, 13 and 14 respectively show the values adopted in the model for the base of 
Layer 1, initial water levels in Layer 1, and saturated thickness of Layer 1. 
 
Factors incorporated in the assignment of aquifer parameters are: 
 
(1) The base of the Bassendean Sand (Layer 1) slopes downwards from 54 m AHD in 

the east to 18 m AHD in the west of the model. 
(2) The base of the Guildford Formation (Layer 2) is 8 to 22 m lower than that of the 

Bassendean Sand. 
(3) The base of the Leederville Formation (Layer 3) is 140 to 170 m lower than the 

base of the Guildford Formation. 
(4) Moderate values of horizontal permeability are assigned to the Bassendean Sand 

and Leederville Formation, and low values to the Guildford Formation. 
(5) Low values of vertical permeability are assigned to the Guildford Formation and 

Leederville Formation, reflecting stratification by clayey layers. 
 
5.2 MODEL CALIBRATION 
 
The model parameters given in Table 1 are those adopted as a result of calibration runs to 
produce approximate correspondence of measured and calculated groundwater levels. 
 
Table 5 - Adopted Model Parameters 
 

Parameter Unit Layer 1 Layer 2 Layer 3 
Horizontal Permeability (KH) m/d 5 to 12 1.0 5.0 
Vertical Permeability (KV) m/d 0.9 0.01 0.0005 to 0.002
Specific Yield - 0.1 0.08 0.1 
Storage Coefficient - N.A. 0.08 0.0001 
 
Modelling simulated two seasons per year: a wet season of five months and a dry season of 
seven months.  Recharge from rainfall was set at mainly 0.36 mm/d for the wet season and 
zero for the dry season.  Initial water levels for the model were calculated by using 
measured values, and then running the model to obtain values for the end of the dry season.  
River cells were set at locations and elevations corresponding to the main creeks and 
drains. 
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5.3 MODEL OPERATION 
5.3.1 Shallow Aquifer 
 
After calibration, the model was run to simulate the following mining/dewatering scenario: 
(1) Mining will commence in autumn i.e. at the beginning of the wet season. 
(2) Eight mine blocks shown in Figure 2 will each be completely mined in successive 

years.  
(3) At any one time, the active mining area will be thirty hectares. 
(4) Tailings slurry from the mining/concentrating operation will be placed into mined 

out areas of the block being mined, or an adjacent block. 
(5) Mine blocks will be bunded to prevent surface-water run-off to or from them, while 

ground-disturbance occurs. 
(6) Creeks and drains crossing the mine area will be bunded (to at least fifteen metres 

width each side) to contain water flow, but there will be sub-surface flow from 
creeks/drains to the shallow aquifer and excavations. 

(7) Water will drain from tailings, which will be forty five per cent solids by weight 
when discharged i.e. about seventy per cent moisture.  Water for the slurry will be 
obtained from recycled water plus deep groundwater, in dry months.  In wet months 
there will be additional amounts obtained from rainfall and seepage inflow. 

 
5.4 MODELLING RESULTS 
 
The model was run to simulate mining/dewatering for seven of the eight years planned; in 
the eighth year the mine area is above the water table.  Twenty eight periods, four per year, 
were assigned to represent the operation. 
 
Groundwater inflows to the mine blocks were calculated by simulating the 30 ha of active 
blocks as a groundwater drain.  The remaining areas of the blocks were simulated to be 
backfilled with tailings, as mining proceeds. 
 
Drainage of water from tailings was simulated by allocating relevant areas under the 
‘General Head Boundary’ package which simulates the hydraulic head imparted by the 
moisture-laden tailings.  Generalised geometry was adopted, as the detailed shapes are not 
relevant to the scale of the current study. 
 
5.4.1 Water Volumes and Rates 
 
The results are presented in Table 6, which lists the calculated average dewatering rates 
applicable to mining blocks 1 to 7, for half-winters and half-summers separately. The 
dewatering rates are derived from (model-calculated) rates of groundwater flow into 
30 hectares of drains representing the relevant excavation.   
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Table 6 - Model-Calculated Dewatering Pumping Rates and Infiltration Rates from 
Tailings 
 

Period Year Season 
Time 
from 

Start (yr) 

Cumulative 
Pumpage (m3) 

Pumpage 
for Period 

(m3) 

Average 
Pumpage 

Rate 
(m3/d) 

1 1 Winter 0.2 10,282 10,282 134 
2 1 Winter 0.4 41,343 31,061 403 
3 1 Summer 0.7 78,601 37,258 351 
4 1 Summer 1.0 193,170 114,569 1,081 
5 2 Winter 1.2 225,580 32,410 421 
6 2 Winter 1.4 301,147 75,567 981 
7 2 Summer 1.7 357,968 56,821 536 
8 2 Summer 2.0 419,566 61,598 581 
9 3 Winter 2.2 527,113 107,547 1,397 

10 3 Winter 2.4 605,923 78,810 1,024 
11 3 Summer 2.7 658,755 52,832 498 
12 3 Summer 3.0 708,865 50,110 473 
13 4 Winter 3.2 748,528 39,663 515 
14 4 Winter 3.4 780,970 32,442 421 
15 4 Summer 3.7 826,925 45,955 434 
16 4 Summer 4.0 987,839 160,914 1,518 
17 5 Winter 4.2 1,171,386 183,547 2,384 
18 5 Winter 4.4 1,355,943 184,557 2,397 
19 5 Summer 4.7 1,453,599 97,656 921 
20 5 Summer 5.0 1,607,391 153,792 1,451 
21 6 Winter 5.2 1,676,720 69,329 900 
22 6 Winter 5.4 1,730,826 54,106 703 
23 6 Summer 5.7 1,775,128 44,302 418 
24 6 Summer 6.0 1,887,923 112,795 1,064 
25 7 Winter 6.2 2,066,357 178,434 2,317 
26 7 Winter 6.4 2,209,939 143,582 1,865 
27 7 Summer 6.7 2,313,570 103,631 978 
28 7 Summer 7.0 2,428,309 114,739 1,082 

 
Average rates of pumping to keep mine pits dewatered are calculated to range from 130 to 
2400 m3/d, with the rates generally being higher in winter than summer because of 
recharge from rainfall.  There are exceptions in which the summer rates were higher than 
those for winter, as a result of re-location of the assigned mine position. 
 
Based on the calculated values, the dewatering rates are generally less than the estimated 
rate of water supply required for slurrying and mineral processing i.e. about 5300 m3/d 
taking account of water returns.  Under these circumstances, there will be no requirement 
to store or discharge excess water.  However, the calculations are based on average values 
for rainfall recharge; at certain times there could be excess water generated directly by 
heavy rainfall or indirectly by seepage in very wet periods. 
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In the model, the rate of recharge to the shallow aquifer over most of the area was set at 
0.36 mm/d for the five wet-season months.  This rate represents 12 per cent of the average 
nett wet-season rainfall (average rainfall minus average evaporation, Table 1c) of 472 mm 
in 153 days.  It is the estimated rate at which rainfall enters the aquifer; the other 
88 percent is assumed to run off, under pre-mining ground conditions.  Given that run-off 
from each mine block is likely to be inhibited deliberately, additional surface water would 
collect when the mining project is in progress. 
 
Infiltration of tailings water will tend to restore groundwater levels after 
mining/dewatering has passed, and increase seepage to active mining areas. 
 
5.4.2 Water Levels 
Bassendean Sand Aquifer 
 
The calculated changes in Layer 1 (Bassendean Sand) at several times during and after the 
mining operation are shown in Figures 6 to 11.  They are approximate values dependent on 
estimated hydraulic parameters. 
 
After one year of operation (Fig. 6), changes in water levels are predicted to be less than 
0.5 m over the whole area except within the excavated area, where there will be up to 
1.5 m drawdown; within the tailings disposal area there will be up to 0.5 m water-level 
rise. 
 
Similar changes in groundwater levels are calculated to occur at the other mining blocks in 
years 2 to 7.  After dewatering of an area is completed, water levels there will recover to 
within 0.5 m of the initial values; the new mining/dewatering location will show up to 2 m 
drawdown.  One year after cessation of dewatering i.e. after 8 years, the water levels in 
Layer 1 are calculated to have generally recovered to within 0.5 m of initial levels, except 
for residual drawdown of up to 0.9 m at two former pit sites (Fig. 11). 
 
Guildford Formation 
The Guildford Formation (Layer 2) is calculated to exhibit up to 4 m drawdown at the 
location of the excavations during local dewatering of the Bassendean Sand, but water 
levels then recover by similar amounts to the recovery in the latter aquifer. 
 
Leederville Aquifer 
The Leederville Aquifer (Layer 3) is calculated to show negligible change in groundwater 
level as a result of the mining/dewatering operation. 
 
5.4.3 Modelling of Bore Pumping (Leederville Aquifer) 
 
The model was used to calculate the drawdown in the Leederville aquifer as a result of 
pumping from two bores at 2,800 m3/d each.  The results are shown in Figure 23. 
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Calculated drawdowns for 8 years operation were less than 7.2 metres beyond the 
immediate vicinity of the production bores.  At distances greater than 1,400 m from the 
pumped bore the calculated drawdown is less than 2 m. 
 
The above results indicate that operating two Leederville aquifer bores at 2,800 m3/d each 
will have negligible effect on other bores in that aquifer. 
 

6 CONCLUSIONS 
 
Numerical modelling of the shallow aquifers of the Keysbrook area with respect to planned 
groundwater pumping to allow sand mining, has provided realistic estimates of rates of 
pumping and resultant changes in groundwater levels.  There was assumed to be a five-
month wet season (winter) with average rainfall and a seven-month dry season (summer) 
with no rainfall recharge. 
 
Seven of the eight mining blocks (one to be mined per year for eight years) will require 
groundwater pumping; the eighth area apparently will not penetrate below the water table.  
Groundwater pumping rates indicated by the model range from 130 to 2,400 m3/d, varying 
seasonally and in relation to the mine geometry, water-table depth, and proximity of water 
courses. 
 
Pumping of rainwater collected in a mine area will be additional to the rates noted above.  
The rates of pumping will depend on rainfall intensity/volume and whether significant 
amounts run off from the particular mine area.  
 
Groundwater levels in the shallow Bassendean Sand aquifer are calculated to be lowered 
up to 4.5 m at excavated areas, but generally less than 0.2 m elsewhere.  Beneath tailings 
areas, shallow groundwater levels are calculated to rise up to 2.6 m locally.  On completion 
of mining the groundwater levels will recover towards pre-mining elevations.  Within one 
year there is calculated to be less than 0.5 m of residual water-level change over most of 
the area; at maximum, 0.9 m residual drawdown at two former pit sites. 
 

7 LIMITATIONS OF REPORT 
 
This report has been prepared for the use of Olympia Resources Limited in accordance 
with generally accepted consulting practice.  We make no warranty, expressed or implied, 
as to the professional advice included in this report. 
 
Subsurface conditions at the site have been interpreted from information collected by 
others and are not guaranteed by us. 
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The hydraulic parameters have largely not been calculated from field testing at the site. 
Values of the parameters used in calculations and modelling are necessarily estimations 
based on published values for like materials, experiences, and calibration techniques. Such 
adopted parameters are approximate and therefore the results and predictions made in the 
assessment must be taken as only approximate. 
 
 
 
Dated:  16 March 2006   Rockwater Pty Ltd 
 
 
 
 
       C New 
       Hydrogeologist 
 
 
 
 
       J R Passmore 
       Principal Hydrogeologist 
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DATE:        March 2006

Dwg No:    321.0/06/2-15

SATURATED THICKNESS OF LAYER 1
(BASSENDEAN SAND)
IN NUMERICAL MODEL

321.0/Surfer/BS adopted base minus inital wl's.srf

Rockwater Pty Ltd

Figure 15
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CLIENT:    Olympia Resources Limited

PROJECT: Keysbrook Mineral Sands Project

DATE:        March 2006

Dwg No:    321.0/06/2-16

MODEL-CALCULATED WATER-LEVEL CHANGE (m)
IN BASSENDEAN SAND AQUIFER AFTER 

ONE YEARS OPERATION

y1dd.srf

Rockwater Pty Ltd

Figure 6
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CLIENT:    Olympia Resources Limited

PROJECT: Keysbrook Mineral Sands Project

DATE:        March 2006

Dwg No:    321.0/06/2-17

MODEL-CALCULATED WATER-LEVEL CHANGE (m)
IN BASSENDEAN SAND AQUIFER AFTER 

TWO YEARS OPERATION

y2dd.srf

Rockwater Pty Ltd

Figure 17
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CLIENT:    Olympia Resources Limited

PROJECT: Keysbrook Mineral Sands Project

DATE:        March 2006

Dwg No:    321.0/06/2-18

MODEL-CALCULATED WATER-LEVEL CHANGE (m)
IN BASSENDEAN SAND AQUIFER AFTER 

THREE YEARS OPERATION

y3dd.srf

Rockwater Pty Ltd

Figure 18
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CLIENT:    Olympia Resources Limited

PROJECT: Keysbrook Mineral Sands Project

DATE:        March 2006

Dwg No:    321.0/06/2-19

MODEL-CALCULATED WATER-LEVEL CHANGE (m)
IN BASSENDEAN SAND AQUIFER AFTER 

FOUR YEARS OPERATION

y4dd.srf

Rockwater Pty Ltd

Figure 19
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CLIENT:    Olympia Resources Limited

PROJECT: Keysbrook Mineral Sands Project

DATE:        March 2006

Dwg No:    321.0/06/2-20

MODEL-CALCULATED WATER-LEVEL CHANGE (m)
IN BASSENDEAN SAND AQUIFER AFTER 

SEVEN YEARS OPERATION

y7dd.srf

Rockwater Pty Ltd

Figure 20
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CLIENT:    Olympia Resources Limited

PROJECT: Keysbrook Mineral Sands Project

DATE:        March 2006

Dwg No:    321.0/06/2-21

MODEL-CALCULATED RESIDUAL WATER-LEVEL 
CHANGE (m) IN BASSENDEAN SAND AQUIFER 

ONE YEAR AFTER COMPLETION OF MINING

y8dd.srf

Rockwater Pty Ltd

Figure 21
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CLIENT:    Olympia Resources Pty Ltd

PROJECT: Keysbrook Mineral Sands Project

DATE:        March 2006

Dwg No:    321.0/06/2-22

MODEL CALCULATED DRAWDOWN (m)
IN LEEDERVILLE AQUIFER 
AFTER 8 YEARS PUMPING 

AT 500M3/D (64 L/sec)

321.0/Surfer/Figure22.srf

Rockwater Pty Ltd

Figure 22
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