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1 INTRODUCTION 

 
Aviva Corporation Limited (Aviva) proposes to develop the Central West Coal Project 
approximately 15 km southwest of Eneabba in the Mid West Region of Western Australia 
as a source of fuel for a proposed base-load power station in the area (Fig. 1).   
 
The intention is to extract coal from the Cattamarra Coal Measures using open-cut 
methods.  The resource in the proposed mine area includes three main horizons with coal 
seams from 1 to 5.5 m thick, extending to depths of about 100 to 130 m and having a 
north-northwest trending strike length of at least 9 km; an extension of the resource to the 
south is presently being investigated.  A resource of 72 Mt has been identified implying a 
project life of approximately 30 years. For mining to occur, dewatering of the saturated 
strata is to take place during the life of the mine.  It is planned that dewatering will be 
effected by means of groundwater extraction bores extending to depths of 50 to 200 m. 
 
Aviva commissioned Rockwater to undertake an investigation to determine the dewatering 
requirements for the mining operations. This investigation included the design of 
dewatering and monitoring bores, supervision of drilling, bore-installation and aquifer 
testing, and the compilation of a report with the inclusion of modelling for submission to 
the Department of Water (DoW) in support of an application to take water for dewatering 
operations. This report presents bore data, results of the aquifer testing, and modelling; it 
has been prepared according to DoW guidelines for Hydrogeological Reports. 
 
1.1 GROUNDWATER LICENSING 
 
Drilling to date has extended over two farming properties, Lot numbers 10523 and 10665.  
Bores have been constructed with screens set in either the Cattamarra Coal Measures or 
Yarragadee aquifers. Licences to Construct and Alter Wells issued by the DoW are 
numbered CAW164956(1) and CAW164960(1) for the Yarragadee and Cattamarra Coal 
Measures, respectively.  Copies are included as Appendix I. 
 
The licences were subject to the following terms, conditions and restrictions: 
1 The well must be constructed by a driller having a current class 2 water well drillers 

certificate issued by the Western Australian branch of the Australian Drilling Industry 
Association or other certification approved by the Water and Rivers Commission as 
equivalent. 

2 The licensee is required to provide to the Water and Rivers Commission a completed 
‘Particulars of Completed Bore Hole Form’ on completion of the approved drilling 
programme. 
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3 That the licensee shall not construct a bore or well or excavate a groundwater soak 
within 30 metres of any watercourse. 

4 Approval by the Water and Rivers Commission is to be obtained prior to the 
construction of additional and replacement wells and the modification or refurbishment 
of existing wells. 

5 That the Licensee shall allow access, in an agreed manner, by Waters and Rivers 
Commission personnel for the purposes of inspection at any time. 

6 That the water discharged during the pump test, is to be disposed of in such a manner 
as to cause no undesirable environmental impact. 

7 That on completion of the exploratory drilling programme the licensee shall submit a 
hydrogeological assessment of the groundwater resource, prepared by a groundwater 
professional to the satisfaction of the Water and Rivers Commission. 

8 That a plan is provided showing the exact location of the bore/s. 
 

2 PHYSICAL SETTING 

 
2.1 TOPOGRAPHY 
 
The project area lies west of the Gingin Scarp, on the gently-sloping Eneabba Plain. 
Ground levels range from about 125 m AHD at the foot of the scarp to about 50 m AHD at 
the western periphery of the area. The topographic surface consists of dunes and coalesced 
alluvial fans and is generally flat with several isolated hills. The area is drained by several 
creeks, Bindoon, Erindoon and Eneabba Creeks, which terminate at Lakes Indoon and 
Logue, to the west of the project area.  
 
2.2 CLIMATE 
 
The Eneabba area has a Mediterranean-type climate with hot, dry summers and cool, wet 
winters. Long-term average rainfall at Eneabba, about 15 km north of site, is 504 mm of 
which 39% falls during the months of June and July. Average pan-evaporation in the area 
is four times higher than actual rainfall at 2,200 mm/year. 
 

3 GEOLOGY 

 
The project area is situated in the northern Perth Basin, within the Cadda Terrace, which 
contains a thick sequence of Permian to Late Jurassic sedimentary rocks. A detailed 
geological summary of the area is given by Mory and Lasky (1996). 
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The mine is to be situated in the eastern part of a fault block, between the Warradarge 
Fault to the east and the Peron Fault to the west (Figure 2). These faults strike north to 
northwest and are up-thrown to the west. A generalised geological section east-west 
through the mine is presented in Figure 3. It shows the major faults and the eastwards dip 
of the Cattamarra Coal Measures between the faults.  
 
3.1 CATTAMARRA COAL MEASURES AND ENEABBA FORMATION 
 
The predominant sub-cropping unit in the project area is the Cattamarra Coal Measures 
(Cattamarra CM) which is about 500 m thick and is of Early-Mid-Jurassic age. It 
comprises interbedded sandstone, carbonaceous siltstone and shale with some seams of 
coal up to 11 m thick. Between the Warradarge and the Peron Faults the strata dip 
downwards to the east at between 5° and 18°, based on published geological sections 
(Mory and Lasky, 1996) and correlations between drill holes at the coal deposits. It 
overlies the Early Jurassic Eneabba Formation – sandstone interbedded with multi-
coloured siltstone and claystone. The Eneabba Formation occupies the upper part of the 
next fault block to the west, where it is nearly flat lying and overlies strata of Triassic age. 
Both formations are overlain by Quaternary-age Superficial Formation deposits. 
 
The Cattamarra CM contains the coal seams intended to be extracted. Three main horizons 
have been identified:  Eneabba Main seam, Eighty seam and the Maxwell seams (Fig. 4). 
The seams are 3–5.5 m thick and extend to depths of about 100–130 m along a north-
north-west trending strike length of at least 12 km.  
 
It is estimated from geological logs that the formation is composed of about 30% 
sandstone which is predominantly weakly cemented and fine to coarse grained. The 
continuity of these sandstone beds is uncertain. 
 
3.2 YARRAGADEE FORMATION 
 
The Mid to Late Jurassic Yarragadee Formation occurs east of the Warradarge Fault. It 
consists of interbedded sandstone, siltstone and shale with minor conglomerates and coal. 
The formation conformably overlies the Cadda Formation and reaches thicknesses of up to 
3 kilometres east of the project area (Kern, 1997). It is overlain by Tertiary and Quaternary 
Deposits. 
 

3.3 SUPERFICIAL FORMATIONS 
 
In the vicinity of the Central West coal deposit, Late Tertiary to Quaternary-age superficial 
sediments overlie the Cattamarra CM.  These superficial deposits are generally 10 m in 
thickness but can be up to about 20 m thick. They are made up of: 
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 Laterite and Associated Sands – occur at or near the surface over a large part of 
area, particularly near the base of the Gingin Scarp. The typical profile consists of 
leached quartz sand overlain by ferruginous laterite with clay beneath. 

 Guildford Clay – also occurs at the base of the Gingin Scarp. The formation 
includes beds of clay that are typically only a few metres thick, with clayey sand, silty 
sand and silt layers.  

 Bassendean Sand – generally occurs to the west of the Guildford Clay over much 
of the study area. The sands are composed of quartz, and are generally fine to coarse 
grained, with some very coarse.  

 Tamala Limestone – composed of sand and calcarenite, outcrops in the western 
margin of the study area. It varies from quartz-rich sand to fossiliferous calcarenite 
and sand.  

 

4 HYDROGEOLOGY  

 
The hydrogeology setting of the region has been described by Kern (1997) and that report 
is used as the regional setting for this investigation. 
 
The main aquifer that will be dewatered during mining is the Cattamarra CM bounded by 
the Warradarge and Peron Faults (Fig. 3). This aquifer is composed of about 30% weakly 
cemented sandstone which is predominantly fine to coarse grained. The continuity of these 
sandstone beds is uncertain. Within this fault block the Yarragadee aquifer is interpreted to 
sub-crop north of the project area (Mory and Lasky, 1996).  
 
Groundwater levels in the Cattamarra CM at the Central West Coal Project generally vary 
from about 50 to 65 m AHD and slope down to the north-west at a low gradient (Figure 5).  
Regionally, groundwater levels between the Warradarge and Peron Faults also slope down 
to the north and north-west, as shown in Figure 11 of Kern (1997) (Fig. 6), ranging from 
73.2 m AHD in bore LS14 in the south to 26.4 m AHD in bore LS17 in the north. Elevated 
water levels of around 90 m AHD were reported for CW044/45P and CW071P which may 
be due to a perched water system or a datum error.  
 
East of the Warradarge Fault, the Yarragadee aquifer sub-crops. The degree of hydraulic 
connection across the Warradarge Fault and its exact location (it roughly follows the 
Brand Highway), however, are not known. Water levels are generally 10 to 15 m higher in 
the Yarragadee aquifer compared with the Cattamarra CM aquifer west of the fault 
(Figure 5). This along with upward decreasing heads noted in previous investigations 
(AGC, 1982 & Rockwater, 1990) and a north-westerly direction of groundwater flow 
suggest that there is probably some recharge from the Yarragadee aquifer to the 
Cattamarra CM aquifer across the Warradarge Fault. 
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West of the Peron Fault groundwater levels are less than about 45 m AHD (Kern, 1997) 
and slope downward to sea level at the coast. The strata of the Eneabba Formation are 
horizontal and therefore interpreted to be in negligible hydraulic connection to Cattamarra 
CM east of the Peron Fault. The dipping Cattamarra CM strata east of the fault have a low 
vertical permeability due to interbeds of shale which would likely impede groundwater 
movement from east to west across the fault.  
 
The superficial formations form a composite aquifer system, known as the superficial 
aquifer that overlies the Mesozoic aquifers west of the Gingin Scarp. Near the base of the 
Gingin Scarp the aquifer is thin and discontinuous and with a large portion of the 
formation unsaturated. Elsewhere, the phreatic surface closely matches the potentiometric 
surface of the Cattamarra CM suggesting that the two aquifers are in hydraulic connection.  
 
Two east–west lines of nested monitoring bores were installed for the Eneabba West 
project (Rockwater, 1990b). They intersected clayey sand and clay of the Guildford 
Formation (superficial sediments). At each site there were two bores: one with slots just 
below the water table, and one with slots at the base of the superficial sediments. Heads in 
the latter would be very similar to those in the underlying Cattamarra Coal Measures 
where sandstone of that formation is in direct contact the superficial sediments.  
 
Head differences between the shallow and deep bores were generally very small – less 
than 0.5 m at 15 of the 20 sites. They were downward-decreasing at six sites; and upward-
decreasing at 11 sites. Of the latter, there were head differences of 0.43 m to 0.61 m at 
three sites across Erindoon Creek, where the water table was 0.3 m to 1.5 m below ground 
level (November 1989). The shallow depth of the water table soon after the winter peak, 
and the upward-decreasing heads, indicate there is some groundwater discharge along the 
creek by evapotranspiration. 
 
A nest of three bores installed at site CWO67P as part of this investigation indicate at that 
site, there are also upward-decreasing heads in the Cattamarra Coal Measures, with a head 
difference of 2.1 m between slotted intervals between 70 m and 155 m depth. 
 
Localised perched water is also known to occur, particularly in winter months within or 
overlying low-permeability layers, such as the clays beneath laterite.  
 
Groundwater in the superficial sediments and underlying Cattamarra Coal Measures is 
recharged by the infiltration of rainfall and streamflows and by flows from the Yarragadee 
Formation across the Warradarge Fault. It flows under low hydraulic gradients to the 
north-west with some discharge by evapotranspiration along Erindoon and Bindoon 
Creeks. Anecdotal evidence suggests there are no base-flows, i.e. flows arising from 
groundwater discharge, along the creeks. The groundwater is inferred to discharge into the 
karstic Tamala Limestone where that formation abuts the Guildford Formation or overlies 
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the Cattamarra Coal Measures, and then eventually flows in the Tamala Limestone to the 
coast. 
 
The salinity of the Cattamarra CM groundwater in the vicinity of the Central West Coal 
Project generally ranges from 1,000 mg/L to 3,500 mg/L TDS (Fig. 7). Higher salinities 
were reported in water sampled from bores CW036P and CW067P 6,100 mg/L and 12,750 
mg/L TDS, although the value of the latter may have been affected by drilling fluids. The 
salinity of groundwater in the Superficial aquifer is more variable, ranging from about 200 
mg/L to 7,000 mg/L (Rockwater, 1989). The Yarragadee has a lower salinity of between 
300 mg/L and 700 mg/L TDS. 
 

5 PREVIOUS INVESTIGATIONS 

 
5.1 ENEABBA WEST WATER SUPPLY 
 
Eight production bores (EWP21 to 28, previously EWP1 to 8) were installed in the 
Cattamarra Coal Measures for the Eneabba West project (Rockwater, 1990) near and east 
of the northern part of the planned mining area (Fig. 1 & 37). There were also a series of 
deep and shallow monitoring bores installed, most on two east–west transects south of the 
borefield (Rockwater, 1990b). 
 
Details of the production bores are summarised in Table 3; and the impacts of extraction 
from the bores is discussed in Section 9 of this report. 
 
5.2 ROCKY SPRINGS AND WARRADARGE FAULT 
 
Rockwater (1992) constructed two production bores into the Yarragadee Formation east 
of, and close to the Warradarge Fault and Rocky Springs, for the Eneabba West project. In 
addition, four monitoring bore nests were installed on a line immediately west of the fault 
and adjacent to Rocky Springs to investigate the nature of the springs and for monitoring 
the Cattamarra Coal Measures during test-pumping of the production bores. 
 
It was found that Rocky Springs appears to be a man-made excavation containing runoff or 
water perched on lateritic clays overlying the Cattamarra Coal Measures. Two monitoring 
bores, EWM23 and 23A were installed alongside the springs. EWM23A was slotted from 
2 to 3 m depth, just below the level of the springs, and was dry. EWM23 was slotted in the 
Cattamarra Coal Measures from 17 to 24 m depth, and had a static water level 14.3 m 
below ground level. Bores EWM24 and 24A were installed 200 m east (up-gradient) of the 
springs, and also intersected laterite overlying Cattamarra Coal Measures. This shows that 
the springs to not represent a discharge zone of the Yarragadee Formation. The shallow 
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bore EWM24A, slotted from 4.5 to 6.2 m depth, was dry; and EWM24, slotted from 21 to 
27 m depth had a static water level 20.8 m below ground level. 
 
Production bores EWP29 and EWP30 were each test-pumped for two days at 2,990 m3/d 
and 3,310 m3/d, respectively. There was no drawdown measured in any of the monitoring 
bores or Rocky Springs during the tests. EWP29 was the closest to the monitoring bores, 
being about 470 m from both the EWM24 and EWM25 bores. These results indicate that 
there is poor hydraulic connection across the Warradarge Fault. 
 

6 DRILLING AND BORE CONSTRUCTION 

 
In November 2006, a drilling and monitoring bore construction programme was carried 
out by Wallis Drilling using a Mantis 500 rig. The programme consisted of 15 103 mm air-
core holes at seven sites; 13 of the holes were cased and finished as monitoring bores (Fig. 
1). At each site (with the exception of CW047P) one bore was drilled to a comparatively 
shallow depth within the Superficial or Cattamarra CM aquifers, and a second bore drilled 
to a deeper level in the Cattamarra CM aquifer.  
 
During November and December 2007, a second drilling and bore-construction 
programme was carried out by Bunbury Drilling Company using a Versa-Drill Advantage 
V-2095EXP.  The programme included the drilling and construction of two monitoring 
bores and four production bores constructed within the Cattamarra CM aquifer using mud-
rotary techniques (Fig. 1). One additional monitoring bore was constructed in the 
Yarragadee aquifer by Wallis Drilling using 103 mm air-core techniques. 
 
During both programmes, drill cuttings were collected at two-metre intervals and were 
used to prepare lithological descriptions, included in composite borehole logs (Figures 8 to 
27). A summary of the drilling results is given in Table 1. 
 
6.1 GEOPHYSICAL LOGGING 
 
During the 2006 programme, one hole at each site was geophysically logged by Surtron 
and in 2007 the pilot holes were geophysically logged by Rockwater. Each survey 
comprised gamma-ray and resistivity logs. Gamma-ray logs are useful in locating 
lithological boundaries (e.g. between sandstone and shale) and they indicate the presence 
of fine-grained sediment matrices. The resistivity logs provide indications of groundwater 
salinity, which were tainted due to the potassium-chloride muds used during drilling.  
Geophysical logs are included in the composite borehole logs (Figures 8 to 27).  



    

 

Table 1 – Summary of Drilling and Bore Construction Data 

Easting Northing

CW035P 328,221 6,688,637 58.08 48 42-48 25-26 0.78 3,300 C.C.M 56.39
CW036P 328,224 6,688,637 58.23 25 18-24 ~10-11 0.17 6,100 C.C.M 55.47
CW037P 330,297 6,689,216 na 108 na na na na na na
CW038P 330,290 6,689,217 59.99 36 30-36 na 0.03 870 C.C.M 51.84
CW039P 330,284 6,689,215 59.98 96 90-96 47-48 & 73-74 na 1,100 C.C.M 53.74
CW040P 328,819 6,687,129 61.79 54 36-42 25-26 0.6 3,200 C.C.M 60.62
CW041P 328,822 6,687,129 61.80 16 10-16 na 0.2 2,800 C.C.M ?? 60.29
CW042P 330,023 6,687,363 75.58 87 73-79 40-41 0.08 3,600 C.C.M 55.12
CW043P 330,024 6,687,361 75.55 30 24-30 na trace 2,900 C.C.M 52.35
CW044P 328,541 6,684,139 93.14 48 37-43 30-31 trace 3,500 C.C.M 84.45
CW045P 328,541 6,684,141 93.30 24 18-24 na 0.22 1,200 C.C.M 84.46
CW046P 327,375 6,686,936 na 48 na na na na na na

61.16 48 37-43 34-35 0.03 2,600 61.00
60.97 48 18-24 34-35 na na 59.25

CW048P 331,678 6,685,256 100.74 48 38-44 36-37 0.11 720 Yarragadee 75.77
CW049P 331,676 6,685,257 100.86 30 22-28 na trace 740 Yarragadee 75.77

79.78 224 52-70 na trace 7,412* Upper C.C.M 61.54
79.88 224 110-122 105-109 trace 11,135* Inter. C.C.M 65.19
79.98 224 155-167 145-150 trace 12,751* Lower C.C.M 64.52

CW068PB 330,354 6,685,902 76.23 300 27-200 (69.93) na 25 1,700 C.C.M 55.71
CW069PB 329,459 6,685,655 75.02 80 20.5-78 (27.33) na 5 3,135 C.C.M 65.67
CW070PB 330,461 6,684,591 81.66 57 11.7 - 53.7 na 5 ?? 3,223 C.C.M 60.48
CW071P 331,259 6,683,940 105.23 59 23 - 59 na trace 1,157 C.C.M 89.89

CW072PB 330,828 6,684,326 87.12 59 17 - 53 na 12 ?? 2,142 C.C.M 60.74
CW073P 331,704 6,684,325 110.67 80  12 - 80 na na 280 Yarragadee 77.5

Notes: suffix "P"= monitoring bore m agl = metres above ground level Calculated from Field Measurement
suffix "PB"= pit production b m bgl = metres below ground level *Not fully developed, residual KCl muds

na = not applicable m btc = metres below top of casing

Screened or 
Slotted Interval   

(m bgl)

Air-lift 
yield 
(L/s)

Salinity          
(mg/L TDS @ 

180oC)

CW067P 329,826 6,685,738

Site

CW047P

Water Level 
(m AHD) 

February 08
2006 Programme

2007 Programme

C.C.M327,375 6,686,972

MGA94 Coordinates 
Zone 50 (m)

Top of 
Casing     

(m AHD)
Aquifer

Depth 
Drilled 
(m bgl)

Bentonite Plug 
(m bgl)
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6.2 PIT-DEWATERING BORE CONSTRUCTION  
 
Four pit-dewatering bores (CW068PB, CW069PB, CW070PB and CW072PB) were 
constructed to investigate aquifer properties for the dewatering of the coal resource.  Their 
locations are given in Figure 1. A summary of data is given in Table 1. Composite bore 
logs are provided in Figures 8 to 11 and bore completion data are given in Appendix II. 
 
Holes for the bore collar casings were drilled at 444 mm diameter to the base of the 
superficial formation and were lined with 397 mm ID, 406 mm OD steel casing which was 
cemented in place. Pilot holes were then drilled at 216 mm diameter to the target depth and 
geophysical surveys were run. The geophysical logs and lithological data were used to 
design the bore construction.   Bores CW068PB and CW069PB were reamed, then cased 
with 260 mm ID, schedule 20, 304 grade stainless steel casing and screen, and bores 
CW070PB and CW072PB were lined with 154 mm ID class 12 uPVC (blank and slotted). 
 
6.2.1 Bore CW068PB Figure 8 
 
Bore CW068PB which is located at MGA coordinates 6685899 mN, 330354 mE was 
constructed from 17 to 24 November 2007.  The pilot hole was drilled to 300 m depth with 
a 216 mm diameter poly carbonate diamond (PCD) bit.  
 

The geophysical and lithological logs indicate beds of up to 6 m thickness of fine to 
medium grained, weakly cemented sandstone to about 200 m depth, interbedded with 
moderately to well cemented siltstone and shale and coal seams. Siltstone and shale are the 
dominant rock types below 200 m depth. 
 

The hole was reamed at 340 mm diameter to 206 m depth and lined with 260 mm ID 
schedule 20, 304 grade stainless steel casing and 260 mm ID, 304 grade wire wound       
0.5 mm aperture screens. A stainless steel base plate was welded to the base of the screens 
at 199.85 m depth. 
 

The bore was gravel packed, demudded, disinfected and air-surge developed. It produced 
25 L/s during development. The CW068PB composite log is presented in Figure 8. 
 
6.2.2 Bore CW069PB Figure 9 
 
Bore CW069PB which is located at MGA coordinates 6685655 mN, 329456 mE was 
constructed from 27 to 29 November 2007. The pilot hole was drilled to 86 m depth with a 
216 mm diameter PCD bit.  
 

The geophysical and lithological logs indicate beds of fine to medium grained, weakly 
cemented sandstone to about 78 m depth with the thickest bed at 69 to 78 m.  These 
sandstones are interbedded with moderately to well cemented siltstone and shale and coal 
seams. 
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The hole was reamed at 340 mm diameter to 80 m depth and lined with 260 mm ID 
schedule 20, 304 grade stainless steel casing and 260 mm ID, 304 grade wire wound       
0.5 mm aperture screens. A galvanised steel base plate was welded to the base of the 
screens at 78 m depth. 
 

The bore was gravel packed, demudded, disinfected and air-surge developed. It produced 
5 L/s during development. The CW068PB composite log is presented in Figure 9. 
 
6.2.3 Bore CW070PB  Figure 10 
 
Bore CW070PB which is located at MGA coordinates 6684590 mN, 330461 mE was 
constructed from 2 to 5 December 2007.  The pilot hole was drilled to 57 m depth with a 
216 mm diameter PCD bit.  
 

The geophysical and lithological logs indicate beds of up to 4 m of fine to medium grained, 
weakly cemented sandstone to about 51 m depth interbedded with moderately to well 
cemented siltstone and shale. 
 

The pilot hole was lined with 154 mm ID class 12 uPVC blank and slotted casing with an 
end cap at 53.7 m depth. 
 

The bore was gravel packed, demudded, disinfected and air-surge developed. It produced 
about 5 L/s during development. The CW070PB composite log is shown in Figure 10. 
 
6.2.4 Bore CW072PB  Figure 11 
 
Bore CW072PB which is located at MGA coordinates 6684325 mN, 330828 mE was 
constructed from 7 to 8 December 2007. The pilot hole was drilled to 59 m depth with a 
216 mm diameter PCD bit.  
 

The geophysical and lithological logs show beds of up to 7 m of fine to medium grained, 
weakly cemented sandstone to about 54 m depth  The thickest bed occurs at 20 to 27 m.  
The sandstones are interbedded with moderately to well cemented siltstone and shale. 
 

The pilot hole was lined with 154 mm ID Class 12 uPVC blank and slotted casing with an 
end cap at 53 m depth. 
 

The bore was gravel packed, demudded, disinfected and air-surge developed. It produced 
12 L/s during development. The CW072PB composite log is shown in Figure 11. 
 

6.3 MONITORING BORE CONSTRUCTION 
 
Thirteen monitoring bores were drilled and constructed by Wallis Drilling during 
November 2006 at seven sites, to depths of up to 108 m. In 2007, an additional three 
monitoring bores were installed: a multi-piezometer and a single-tube piezometer within 
the Cattamarra aquifer, and a single-tube piezometer in the Yarragadee aquifer.  
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Bore locations are given in Figure 1, composite bores logs are provided in Figures 12 to 
27, and bore completion data are given in Appendix III. Bore construction data are 
summarised in Table 1 and described below.  
 
6.3.1 Bore CW035P Figure 12 
 
Bore CW035P located at MGA 6688637 mN, 328221 mE was constructed from 13 to 14 
November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
48 m using air-core drilling techniques. 
 
The geophysical and lithological logs show interbedded shale and moderately cemented 
siltstone and a distinct sand bed of fine to very coarse quartz at 27 to 28 m. 
 
The hole was lined with 50 mm class 12 uPVC to 47.32 m depth, with 0.5 mm aperture 
slots from 41.32 to 47.32 m, and a uPVC base-plug. 
 
The bore was gravel packed, a bentonite seal emplaced at 25 to 26 m, and air-surged 
developed.  It produced 0.78 L/s during development.  The CW035P composite log is 
shown in Figure 12. 
 
6.3.2 Bore CW036P Figure 13 
 
Bore CW036P is located at MGA 6688637 mN, 328224 mE and was constructed on 14 
November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
25 m using air-core drilling techniques. 
 
The geophysical and lithological logs show that the bore was cased in the superficial/upper 
Cattamarra CM silty sands, interspersed with clayey silts. 
 
The hole was lined with 50 mm class 12 uPVC to 23.56 m depth, with 0.5 mm aperture 
slots from 17.56 to 23.56 m, and a uPVC base-plug. 
 
The bore was gravel packed and air-surged developed. It produced 0.17 L/s during 
development.  The CW036P composite log is in Figure 13. 
 
6.3.3 Bore CW038P Figure 14 
 
Bore CW038P is located at MGA 6689217 mN, 330290 mE and was constructed on        
15 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
36 m depth using air-core drilling techniques. 
 
The geophysical and lithological logs show a significant sand/sandstone at 28 to 35 m just 
above a narrow coal seam. 
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The hole was lined with 50 mm class 12 uPVC to 36.18 m depth, with 0.5 mm aperture 
slots from 30.18 to 36.18m, and a uPVC base-plug. 
 
The bore was gravel packed and air-surged developed.  It produced 0.03 L/s during 
development.  The CW038P composite log is shown included in Figure 14. 
 
6.3.4 Bore CW039P Figure 15 
 
Bore CW039P is located at MGA 6689215 mN, 330284 mE and was constructed from 16 
to 17 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled 
to 96 m using air-core drilling techniques.  Drilling muds were used stabilise the hole walls 
while the casing was installed. 
 
The geophysical and lithological logs show distinct beds of sandstone, siltstone and shale.  
A 7 m bed of very fine to very coarse sandstone was screened at 90 to 96 m. 
 
The hole was lined with 25 mm class 9 uPVC to 96 m depth, hand slotted from 90 to 96 m,  
with a uPVC base-plug. 
 
The bore was gravel packed and bentonite seals emplaced at 47 to 48 m and 73 to 74 m.  
Due to the casing size the bore was not air-surged and it was left to develop naturally.  The 
CW039P composite log is shown in Figure 15. 
 
6.3.5 Bore CW040P Figure 16 
 
Bore CW040P located at MGA 6687129 mN, 328819 mE was constructed from 17 to 18 
November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to  
54 m using air-core drilling techniques.   
 
The geophysical and lithological logs show fine to medium grained sandstone at 41.5 to   
43 m; above and below this bed the strata are mainly shale and sand. 
The hole was lined with 50 mm class 12 uPVC to 42.24 m depth, with 0.5 mm aperture 
slots from 36.24 to 42.24, and a uPVC base-plug. 
 
The bore was gravel packed, a bentonite seal was emplaced at 25 to 26 m, and it was air-
surged.  It produced 0.6 L/s during development.  The CW040P composite log is included 
in Figure 16. 
6.3.6 Bore CW041P Figure 17 
 
Bore CW041P located at MGA 6687129 mN, 328822 mE was constructed on                   
18 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
16 m using air-core drilling techniques.   
 
The geophysical and lithological logs show sandy clay to clayey sand to 16 m with some 
minor sandstone at 8 m.  
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The hole was lined with 50 mm class 12 uPVC to 16.02 m depth, with 0.5 mm aperture 
slots from 10.02 to 16.02, and a uPVC base-plug. 
 
The bore was gravel packed air-surged developed. It produced 0.2 L/s during development.  
The CW041P composite log is included in Figure 17. 
 
6.3.7 Bore CW042P Figure 18 
 
Bore CW042P located at MGA 6687362 mN, 330022 mE was constructed on                   
18 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
87 m using air-core drilling techniques.   
 
The lithological log shows sandy shale with minor coal and sand beds.  No geophysical 
logs were run in the hole and therefore bed boundaries and thicknesses are not known 
precisely. 
 
The bore was lined with 50 mm class 12 uPVC to 78.87 m depth, with 0.5 mm aperture 
slots from 72.87 to 78.87, and a uPVC base-plug. 
 
The bore was gravel packed, bentonite seal placed from 40 to 41 m and air-surged 
developed.  It produced 0.08 L/s during development.  The CW042P composite log is 
included in Figure 18. 
 
6.3.8 Bore CW043P Figure 19 
 
Bore CW043P located at MGA 6687361 mN, 330024 mE was constructed on                   
19 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
30 m using air-core drilling techniques.   
The lithological log indicates a fine to coarse grained sand from 26 to 31 m overlain by 
clayey sands. 
 

The bore was lined with 50 mm class 12 uPVC to 29.83 m depth, with 0.5 mm aperture 
slots from 23.83 to 29.83, and a uPVC base-plug. 
 
The bore was gravel packed and air-surged developed.  It produced minor water during 
development.  The CW0423 composite log is shown in Figure 19. 
 
6.3.9 Bore CW044P Figure 20 
 
Bore CW044P located at MGA 6684138 mN, 328541 mE was constructed on                   
18 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
48 m using air-core drilling techniques.   
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The lithological log shows interbedded siltstone, shale and sandstone typical of the 
Cattamarra CM.  
 
The bore was lined with 50 mm class 12 uPVC to 42.85 m depth, with 0.5 mm aperture 
slots from 36.85 to 42.85, and a uPVC base-plug. 
 
The bore was gravel packed, a bentonite seal emplaced at 30 to 31 m, and air-surged 
developed. It produced minor water during development.  The CW044P composite log is 
shown in Figure 20. 
 
6.3.10 Bore CW045P Figure 21 
 
Bore CW045P located at MGA 6684141 mN, 328540 mE was constructed from 19 to 20 
November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
24 m using air-core drilling techniques.   
 
The lithological log shows a fine to coarse grained sand bed at 19 to 24 m overlain by beds 
of sand, laterite and siltstone. 
 
The bore was lined with 50 mm class 12 uPVC to 23.12 m depth, with 0.5 mm aperture 
slots from 17.12 to 23.12, and a uPVC base-plug. 
 
The bore was gravel packed and air-surged developed. It produced 0.2 L/s during 
development.  The CW045P composite log is included in Figure 21. 
 
6.3.11 Bore CW047P Figure 22 
 
Bore CW047P located at MGA 6686971 mN, 327375 mE was constructed on                   
22 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
48 m depth using air-core drilling techniques.   
 
The lithological data indicates interbedded sand and shale typical of Cattamarra Coal 
Measures. 
 
The bore was lined with 50 mm class 12 uPVC to 42.32 m depth, with 0.5 mm aperture 
slots from 36.32 to 42.32, and a uPVC base-plug. A string of 25 mm class 9 uPVC was 
also installed in the hole to 23.16 m depth, hand-slotted from 17.16 to 23.16 m, and fitted 
with a uPVC base-plug.  A bentonite seal was emplaced at 34 to 35 m to separate the 
slotted sections of the two piezometers. 
 
The bore was gravel packed and the 50 mm casing air-surged developed.  It produced    
0.03 L/s during development.  The CW047P composite log is shown in Figure 22. 
 
 



Central West Coal Project 
Pit-Dewatering Assessment and Bore Completion Report    Page 15 

Rockwater Pty Ltd  335.0/08/1 
 

6.3.12 Bore CW048P Figure 23 
 
Bore CW048P located at MGA 6685256 mN, 331678 mE was constructed on                   
24 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
48 m depth using air-core drilling techniques.   
 
The lithological log shows that the hole was drilled in the Yarragadee formation with 
quartz sand being the main constituent.  This hole was not geophysically logged. 
 
The bore was lined with 50 mm class 12 uPVC to 43.61 m depth, with 0.5 mm aperture 
slots from 37.61 to 43.61 m, and a uPVC base-plug. 
 
The bore was gravel packed, a bentonite seal emplaced at 36 to 37 m, and air-surged 
developed.  It produced 0.1 L/s during development.  The CW048P composite log is shown 
in Figure 23. 
 
6.3.13 Bore CW049P Figure 24 
 
Bore CW049P located at MGA 6685257 mN, 331676 mE was constructed on                   
24 November 2006 using a Mantis 500 drilling rig.  A 103 mm diameter hole was drilled to 
30 m using air-core drilling techniques.   
 
The lithological log shows that the hole was drilled in the Yarragadee formation with 
variably oxidised and ferruginous material.  This hole was not geophysically logged. 
 
The bore was lined with 50 mm class 12 uPVC to 27.42 m depth, with 0.5 mm aperture 
slots from 21.42 to 27.42 m, and a uPVC base-plug. 
 
The bore was gravel packed and air-surged developed.  It produced traces of water during 
development.  The CW049P composite log is included in Figure 24. 
 
6.3.14 Bore CW067P Figure 25 
 
Bore CW067P located at MGA 6685737 mN, 329828 mE was constructed between 6 and 
16 November 2007 using a Versa-Drill Advantage V-2095EXP drilling rig.  A 216 mm 
pilot hole was drilled to 224 m using mud-rotary drilling techniques.   
 
The lithological and geophysical logs show interbedded sandstone, siltstone and coal 
seams. The only substantial sandstone layer occurred between 107 and 116 m and 
consisted of fine to very coarse grained quartz. 
 
The bore was lined with three strings of 50 mm class 18 uPVC to create a piezometer nest.  
The shallow piezometer was cased to 70 m depth, with a slotted section from 52 to 70 m.  
The intermediate piezometer was cased to 122 m depth, with slots from 110 to 122 m.  The 



Central West Coal Project 
Pit-Dewatering Assessment and Bore Completion Report    Page 16 

Rockwater Pty Ltd  335.0/08/1 
 

deep piezometer was cased to 167 m depth, with slots from 155 to 167m. Each string was 
fitted with a uPVC base-plug. 
 
The bore was gravel packed, and bentonite seals emplaced at 10 to 109 m and 145 to     
150 m to separate the slotted sections. The casing strings were chlorinated to help break 
down the potassium-chloride based drilling fluid, and air-surge developed. The CW067P 
composite log is shown in Figure 25. 
 
6.3.15 Bore CW071P Figure 26 
 
Bore CW071P located at MGA 6683940 mN, 331259 mE was constructed from 5 to          
6 December 2007 using a Versa-Drill Advantage V-2095EXP drilling rig.  A 216 mm pilot 
hole was drilled to 59 m using mud-rotary drilling techniques.   
 
The lithological and geophysical logs show interbedded shale, siltstone, sandstone and coal 
seams.   
 
The hole was lined with 50 mm class 18 uPVC to 58 m depth, with 0.5 mm aperture slots 
from 26 to 59 m, and a uPVC base-plug. 
 
The bore was gravel packed and air-surged developed. During development minor water 
was produced. The CW071P composite log is shown in Figure 26.  
 
6.3.16 Bore CW073P Figure 27  
 
Bore CW073P located at MGA 6684324 mN, 331703 mE was constructed from                
12 December 2007 using a Mantis 500 drilling rig. A 103 mm hole was drilled to 80 m 
using air-core drilling techniques. 
 
The lithological and geophysical logs show Yarragadee formation and very fine to very 
coarse sands with minor clay beds. 
 
The hole was lined with 50 mm class 12 uPVC to 80 m depth, with 0.5 mm slots uPVC 
from 12 to 80 m, and a uPVC base-plug. 
 
The bore was gravel packed and left to naturally develop. The CW073P composite log is 
shown in Figure 27. 
 

7 PUMPING TESTS 

 
Pumping tests were carried out on the pit-dewatering bores (CW068PB, CW069PB, 
CW070PB and CW072PB) to determine bore performance and the effects of pumping on 
the aquifer. The results were used in the numerical groundwater model. 
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7.1 PROCEDURE 
 
Step-rate tests comprised pumping the individual bores for generally four hours with the 
pumping rate increased each hour. These tests were conducted primarily to determine a 
duty rate for the constant-rate pumping test but also to allow bore efficiency to be 
determined. Following each step-rate test, a constant-rate test was conducted for a period 
of between 49 and 168 hours.   
 

The test pumps were Grundfos SP 60 and 77 series multi-stage units, powered by Franklin 
30 and 37 kW electric submersible motors, respectively. Most of the test pumps met the 
duty rates required for long-term operation, and were left installed in the bores. 
 

During the tests, pumping rates were measured using a calibrated in-line flow meter. 
Western Irrigation operated the pumping tests, and measured water levels in the production 
and monitoring bores and other non-operating production bores within a two kilometre 
radius of the production bores using an electrical water-level probe, with the assistance of 
Rockwater staff.  
 
7.2 RESULTS AND DISCUSSION 
 
A summary of pumping test data and analyses is presented in Table 2. Water level data 
from production and monitoring bores collected during the tests are presented in Figures 28 
to 36. 
 
Values of aquifer transmissivity were calculated from the late-time data for each constant-
rate test using Jacob’s straight line analysis. This method uses the equation: 
 

 KD =   2.3Q  Where:   K = Hydraulic Conductivity (m/d) 
  4π∆s    D = Aquifer Thickness (m) 
      KD = Transmissivity (m2/d) 
      Q = Discharge Rate (m3/d) 

∆s = Drawdown per log cycle of time (m) 
 

Calculated hydraulic conductivity values for the test dewatering bores ranged from 
0.07 m/d at bore CW069PB in the north to 7.53 m/d at bore CW072PB in the south (Table 
2). 
 
Bores CW068PB and CW069PB (Figs 29, 31 & 32) showed straight-line trends (on semi-
logarithmic scale) in the late stages, after downwards curving trends in the middle stages. 
This is attributed to the formation transmissivity being lower at a greater distance from the 
bore(s) or partial aquifer boundaries become effective as a result of geological structure.  
The low calculated aquifer permeabilities reflect such features.  
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Table 2 – Summary of Pumping Test Data and Analyses   
 

SWL* 
at 

start 
of test 

Constant-
Rate Test 
Duration 

Constant 
Rate Test 
Discharge 

Rate 

End of test 
Drawdown 

Drawdown 
from Well 

Loss a a 

Water 
Level 

Drawdown 
Per Log 
Cycle  
(1s ) 

Trans- 
missivity 

(KD) 

Aquifer 
Thickness 

(D) 

Hydraulic 
Conductivity   

(K) Bore 

m 
btoc hrs L/s (m3/d) m btoc % m m2/d m m/d 

CW068PB 21.47 168 25 2160 80.38 4 21.0 19 173 0.11 
CW069PB 10.14 99 3 260 46.46 29 11.4 4 58 0.07 
CW070PB 20.94 95 10 864 38.93 6 2.5 63 42 1.5 
CWO72PB 26.22 49 12 1040 10.54 10 0.6 316 42 7.5 

 

*SWL – Static Water Level 
** – Well loss calculated by Bierschenk analysis 

 
The drawdown in bores CW070PB and CW072PB (Figs 34 & 36) showed decreased rate 
of drawdown (on semi-logarithmic scale) in the middle stages, suggesting that layering 
within the formation gave rise to ‘semi-unconfined’ aquifer response. The calculated 
aquifer transmissivities are higher that those at the other two sites. 
 
No drawdown was recorded during the pumping tests in monitoring bores (including not in 
use production bores) other than during the CW069PB test. This suggests that drawdown 
cones in the Cattamarra CM aquifer are steep. During the CW069PB constant-rate test, at 
the closest monitoring bore CW067P (300 m northeast), 4.4 m of drawdown was recorded 
after four days. 
 
The results indicate that bores CW068PB, CW070PB and CW072PB are efficient, with 
well losses estimated to be less than 10% using the Bierschenk analysis. The analysis for 
bore CW069PB, suggests that 29% of the drawdown is caused by well losses at a pumping 
rate of 3 L/s.  It is possible that the efficiency of this bore will improve with time, or 
additional screen-development could be undertaken. 
 
Pumping test data from Iluka production bores located in the northern part of the proposed 
mining area are presented in Table 3. The results show that the calculated hydraulic 
conductivities are similar to those measured in the recently constructed bores; averaging 
0.9 m/d. The average including both sets of pumping test data is 1.4 m/d. 
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Table 3 –Summary of Iluka Production Bores and Pumping Test Results   
 

Screened Interval 

Easting Northing Initial WL Top Bottom 

Trans-    
missivity 

(KD) 

Aquifer 
Thickness 

(D) 

Hydraulic 
Conductivity 

(K)  

Bore 
(mE 

MGA) 
(mN 

MGA) 
 

(mAHD) Date (m bgl)  (m bgl)  m2/d m m/d 
EWP 21 329103 6691689 51.14 Dec-89 50 104 84 54 1.6 
EWP 22 329195 6691062 51.56 Dec-89 51 120 48 69 0.7 
EWP 23 329175 6690664 51.38 Nov-89 37 97 34 60 0.6 
EWP 24 329163 6690191 51.4 Nov-89 38 89 66 51 1.3 
EWP 25 329203 6689191 50.88 Jan-90 59 131 21 72 0.3 
EWP 26 330407 6690168 54.92 Jan-90 51 145 80 94 0.9 
EWP 27 330396 6691738 56.37 Feb-90 47 180 153 133 1.2 
EWP 28 330328 6688836 50.12 Mar-90 58 206 145 148 1.0 

Coordinates in italics are approximate only 

 
 

8 PIT-DEWATERING NUMERICAL MODELLING  

 
8.1 MODEL SET UP 
 
Numerical modelling of the Cattamarra Coal Measures (CM) aquifer was undertaken to 
predict water-level drawdown and the required dewatering pumping for the Aviva mining 
project.  The model utilises PMWINPRO version 7.0.26 and MODFLOW 1996, finite-
difference groundwater modelling software designed by the U.S. Geological Survey.  An 
area measuring 26 km by 38 km was modelled and comprises 54 columns and 98 rows 
with cell dimensions ranging from 250 m x 250 m to 500 x 500 m.   
 
The main aquifer that will be dewatered during mining is the area of Cattamarra CM 
bounded by the Warradarge and Peron Faults (Fig. 3).  The Cattamarra CM strata within 
this fault block dip downwards to the east at 5º to 15º and are about 500 m thick. It is a 
difficult and time-consuming process to accurately represent dipping aquifers in numerical 
models, and in this case the occurrence and continuity of shale layers is not known, except 
in the planned mining area. In this model the strata have been represented by eight layers 
each of 200 m thickness, dipping at 8º to the east to a depth of -400 m AHD. The model 
layers are numbered from east to west, and Layers 1 and 2 also represent the Yarragadee 
Formation east of the Warradarge Fault. This number of layers has been used so that the 
effect of the shale layers in impeding the propagation of drawdown across beds can be 
simulated in the model. 
 
East of the Warradarge Fault, the Yarragadee aquifer is represented as Layers 1 and 2 of 
the model. The fault is represented as a partial flow barrier, allowing limited groundwater 
movement between the two aquifer systems. The representation of this fault in the model is 
important, as it is close to the planned pit, and so during dewatering it will be in an area of 
high hydraulic gradients. The degree of hydraulic connection across the Warradarge Fault 
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and its exact location, however, are not precisely known, and therefore they have been 
estimated. Water levels are generally 10 to 15 m higher in the Yarragadee aquifer 
compared with the Cattamarra CM aquifer west of the fault and this has been represented 
in the model (Figures 5 & 37). The Yarragadee aquifer strata are taken to be horizontal and 
are modelled to a depth of -400 m AHD.  
 
To the west, the Peron Fault is at least four kilometres distant from the planned mine pit 
and dewatering, and so the way it is represented in the model is of minor significance. The 
Cattamarra CM strata east of the fault dip to the east, and have a low vertical permeability 
due to interbeds of shale. This will inhibit east to west groundwater movement, and so even 
if the fault is permeable, there would be little groundwater flow towards the mine pit from 
west of the fault. For this reason, the area west of the Peron Fault was not included in the 
model, although the effect of a permeable fault and active cells west of the fault was tested 
in the sensitivity analysis. 
 
The northern and southern margins of the model have been prescribed as constant head 
boundaries to allow flow into the modelled area from the south, and out from the area to 
the north. The southern boundary, which is 13 km south of the proposed mine area, 
contributes about 9 % of the total groundwater flow to the model (Table 6). During 
dewatering simulation, groundwater continues to flow out of the model along the northern 
boundary at reduced rates. The heads at the western boundary have not been prescribed as 
this margin is approximately perpendicular to the groundwater flow direction. 
 
The groundwater fluxes of the superficial aquifer have not been separated from those of the 
Cattamarra CM in the model. There is no defined confining layer between these aquifers, 
and the phreatic surface and potentiometric surface have very similar elevations; therefore, 
the aquifers are assumed to be in direct hydraulic connection. The modelling software used 
does not permit the draping of horizontal layers over numerous dipping layers (i.e. the 
eight layers of Cattamarra CM). Consequently, the superficial aquifer has been 
incorporated into the upper portion of the Cattamarra CM cells. 
 
Groundwater recharge from rainfall was adjusted to 3.65 mm per year over the model area, 
less than 1% of the annual average rainfall (504 mm). Higher recharge levels could not be 
sustained without an increasing trend in the initial water levels; suggesting that the aquifer 
is full and the majority of rainfall becomes runoff. Groundwater recharge and discharge 
were also simulated for Eneabba, Erindoon and Bindoon Creeks, although the data are very 
generalised. More accurate topographic and base-level data would be required to define 
these systems in detail, and such refinement is beyond the scope of the current model. 
Evapotranspiration losses are incorporated in modelled discharge to the creeks. 
 
8.2 MODEL CALIBRATION 
 
The model was calibrated in steady-state mode to groundwater levels recorded in the DoW 
WIN database, and those measured in bores installed for this project and for the Eneabba 
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West and East mines. They were measured at different times and so are subject to short- 
and long-term variations in climate and land-use.  
 
Model-calculated water levels (with no borefield extraction) can be compared with 
measured levels in Figure 37.  The calculated levels were used as initial groundwater levels 
in the model.   
 
There are insufficient data for comprehensive calibration of the model; although the model 
was verified by closely simulating the impacts of extraction from the Eneabba West borefield 
(see Section 8.3, below). The model was calibrated against static water level data collected at 
various times (generally initial bore water levels were utilised) to enable a sufficient areal 
distribution.  A scattergram of modelled groundwater levels versus groundwater levels is 
presented in Figure 38. A similar number of points fall above and below the equivalence line 
and the root mean square error (RMS) is 7.5. This level of error is acceptable considering that 
the levels were measured at different times and include the effects of vertical head gradients 
and varying proximity to production bores.  
 
The adopted model parameters are summarised in Table 4 below. 
 
Table 4 – Summary of Model Parameters 
 

Parameter Cattamarra CM Yarragadee 

Horizontal Hydraulic Conductivity (m/d) 
1 (Layers 1 & 2) & 
0.7 (Layers 3 to 8) 

3 

Vertical Hydraulic Conductivity (m/d) 0.001 0.3 
Storage Coefficient 0.0001 0.001 
Specific yield 0.03 0.15 
Horizontal Flow Barrier Hydraulic 
Conductivity (m/d) 

0.005 

 
 
8.3 MODEL VALIDATION 
 
Past extraction of water from the Eneabba West borefield, and the associated water level 
monitoring data have been used to assess whether predictions made using the groundwater 
model are realistic. The borefield consisted of eight production bores (EWP21 to 28), 
seven of which were used, screened in the Cattamarra Coal Measures near the planned 
mining area (Fig. 39). The down-dip bores (EWP26 to 28) intersected sandstones that were 
slightly more permeable, and had longer screened intervals than the up-dip bores, and so 
had higher pumping capacities. The bores produced up to 2.2 GL/annum from 1990 to 
1999 (Table 5). 
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Table 5 – Average Pumping Rates, Eneabba West Borefield 
 

 EWP21 EWP22 EWP24 EWP25 EWP26 EWP27 EWP28 Total GL/a 
Year (Average kL/d)   
1990 350 342 267 513 958 853 1048 4331 1.58 
1991 463 251 358 580 944 1068 942 4606 1.68 
1992 146 104 136 216 401 456 340 1799 0.66 
1993 177 148 748 466 620 1038 566 3763 1.37 
1994 97 87 499 724 1162 1090 953 4612 1.68 
1995 329 673 199 779 1137 764 961 4842 1.77 
1996 513 618 856 533 935 1242 903 5600 2.04 
1997 993 442 567 585 1155 1121 1099 5962 2.18 
1998 582 277 620 559 1231 1051 1033 5353 1.95 
1999 351 0 412 371 1256 968 801 4159 1.52 

 
 
Water levels were monitored in the production bores, and in a series of shallow and deep 
monitoring bores, mostly on two east–west transects through and to the north of the 
borefield. The deep bores extended to depths of between 14 m and 24 m. The shallow 
bores were designed to monitor superficial sediments near the water table, and the deep 
bores the superficial formations or top of the Cattamarra Coal Measures. 
 
This pumping from the Eneabba West borefield has been incorporated into the model to 
allow modelling results to be validated against monitoring data. The groundwater-level 
drawdowns measured in the deep bores at the end of 1997 when pumping rates were the 
highest are presented in Figure 39 along with predicted model drawdowns. The results 
show the pattern of measured drawdowns is somewhat irregular; reflecting differences in 
degree of hydraulic connection with the deeper intervals screened in the production bores. 
There were drawdowns of up to 45 m in the production bores themselves, however, the 
maximum drawdown around the borefield was 6.7 m in a monitoring bore located 380 m 
south-east of EWP24. There were drawdowns of 1.5 m close to the Warradarge Fault, 
850 m east of EWP26; 4.1 m in a bore 1.3 km north of EWP21 and 1.5 km north-west of 
EWP27; 1.9 m at a distance 2.3 km east of EWP24; and a possible drawdown of 0.6 m at a 
distance of 5.2 km north to north-west of the borefield. Groundwater levels rose to above 
pre-pumping levels at distances of more than 2.7 km west of the borefield, presumably as a 
result of seasonal variations or a long-term increase in the rate of recharge following land-
clearing. 
 
Overall, the modelled water level drawdown is similar to the measured drawdown although 
the latter are very irregular. The average difference between modelled and measured 
drawdown for 1997 is 0.3 m, and the RMS error is 1.4.  
 
The monitoring data show that the impact of extracting up to 2.2 GL/a from the aquifer 
was small, with drawdown extending about 6 km along-strike of the borefield, and 3 km 
across-strike (up-dip) to the west to about 2 km from Peron Fault.  
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Extraction and associated monitoring data for the Eneabba East operations could not be 
used in model calibration or validation as there were no measurable water level changes 
west of the Warradarge Fault. Pumping from the Eneabba East borefield commenced a 
decade before there was any monitoring west of the fault. 
 
8.4 SIMULATION OF DEWATERING 
 
The model was used to predict the required dewatering extraction rates and the distances 
(from the pit) at which water-level drawdowns would be 0.5 m, i.e. essentially insignificant 
and hardly detectable from natural fluctuations of the water table. The exact mine plan is 
not known and therefore the model was used to simulate 30 years of pit dewatering to 
140 m depth below ground level, with the point of dewatering being a 250 m by 250 m cell 
which is moving northwards at 400 m/annum.  
 
Modflow’s drain package was used for this purpose: each drain cell was switched off after 
one year of dewatering so that the impact of back-filling the mine and subsequent 
groundwater-level recovery was simulated. The nature of the back-fill material (specific 
yield and hydraulic conductivity) was assumed to be the same as for the un-mined 
sediments. In practice, the back-fill material could have higher hydraulic conductivity if it 
consists of blocks of cemented sandstone and shale, or of lower hydraulic conductivity if 
the sediments disaggregate and form a clay/sand admixture. 
 
8.4.1 Water Balance 
 
A water balance for the model is presented in Table 6. It shows the total flow contributions 
for the entire 30 year period and the variation with and without dewatering.  The water 
balance shows that the majority of the dewatering volume comes from aquifer storage and 
that only 4.5 % of the flow contribution is from the Yarragadee Formation east of the 
Warradarge Fault. 
 
8.5 MODELLING RESULTS  
 
Based on the above dewatering scenario, the calculated required average extraction rate is 
5.3 GL/annum over a 30 year period. The results also show that the dewatering rate may 
vary considerably over the mine life: between about 2 GL/annum and 9 GL/annum. This is 
due to the varying thickness of groundwater intersected at the point of dewatering, the 
heterogeneous nature of the Cattamarra CM, and the variation in proximity to the 
Warradarge Fault. 
 
Figures 40 to 42 present the modelled drawdown contours as the point of dewatering 
moves northwards: after 5 years, 10 years and 30 years, respectively. These plots represent 
composites of drawdown for the different model layers. For 30 years of dewatering the 
model calculates that the drawdown of groundwater levels as a result of the pit dewatering  
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Table 6 – Overall Model Water Balance (kL) 
 

Source/Sink Without D/W With D/W Difference Percentage 
Flow Into Model 

Storage 3175 145696656 145693481 75.7 
Constant Head 257238096 274176352 16938256 8.8 

River 119489024 149403584 29914560 15.5 
Recharge 54777484 54613568 -163916 -0.1 

Total 431507779 623890160 192382381 100.0 
Flow Out of Model 

Drains 
(Dewatering) 0 170317152 170317152 88.5 

Storage 32197 46832140 46799943 24.3 
Constant Head 399194528 390420736 -8773792 -4.6 

River 32331530 16370811 -15960719 -8.3 
Total 431558255 623940839 192382584 100.0 

Contribution of Flow from East of Warradarge Fault 
Total 236078953 244700783 8621831 4.5 

 
 
would not be significant (less than 0.5 m) at distances of 13.3 km north of the mine and 
12.6 km south of the mine area (Figure 42). 
 
The majority of the drawdown occurs in the layer being dewatered which varies from 
Layers 1, 2 and 3 as the point of dewatering moves north-westward over time. For 
example, during the 30th year of dewatering extraction is occurring in Layer 3 and it is in 
this layer where the greatest drawdown will occur. The drawdown decreases markedly in 
overlying and underlying cells, as shown in Table 7.  
 
Table 7 – Calculated Drawdown in Model Layers after 30 Years of Extraction 
 

Extraction 
Volume 

Maximum 
Drawdown

Layer GL/a m  
1 N/A 18.8 
2 dry 18.0 
3 2.8* 95.7 
4 0.0 13.2 
5 0.0 4.7 
6 0.0 2.9 
7 0.0 2.1 
8 0.0 1.7 

*Represents point of dewatering  
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Within the mining area the drawdown cone is very steep, reducing by generally fifty 
percent in the adjacent cells. East of the Warradarge Fault, in the Yarragadee aquifer, the 
drawdown is calculated to not exceed 1 m after 30 years. Drawdown may be less than 
predicted if additional recharge is received from drawdown induced recharge. 
 
It is interpreted that the Peron Fault is a no-flow barrier and hence drawdown would not 
move further west and impact the groundwater lake system. The creeks (particularly 
Erindoon and Bindoon Creeks) which feed these lakes, however, may be impacted upon by 
dewatering as any base flow in these creeks would be maintained by groundwater 
discharge. 
 
8.5.1 Additional Dewatering Scenarios 
 
Additional dewatering scenarios have been modelled to estimate the average annual 
extraction rate if the operating pit/dewatering length north-south was increased from 250 m 
to 750 m (3 cells) or 1,250 m (5 cells). Results presented in Table 8 indicate that if the 
dewatering length is extended to 1,250 m the average annual extraction rate is estimated to 
be 7.2 GL/annum.  
 
Table 8 – Results of Additional Model Scenarios 

Length of 
Operating Pit 

(per year) 
Mining 
Depth 

Average 
Extraction 

Rate 
Model 

Number 
Model Cells 
Dewatered 
(per year) m m bgl GL/annum 

Initial Model – Scenario 1 1 250 140 5.3 
Scenario 2 3 750 140 6.5 
Scenario 3 5 1,250 140 7.2 

 
 
8.6 SENSITIVITY ANALYSIS 
 
The model and its parameters are based on a limited amount of available data and it has not 
been possible to undertake thorough calibration against real-world data as adequate data 
are not available. There also has been no measurement of vertical hydraulic conductivity or 
specific yield (aquifer storativity), and so these values have been assumed for modelling. 
The uncertainty of these parameters, and whether or not the sandstone beds are continuous, 
introduces uncertainty in the modelling results. For these reason, sensitivity analysis has 
been conducted to determine the potential variation in the calculated results. Sensitivity 
analysis involves the variation of model parameters within reasonable limits to determine 
which have the greatest influence on modelling results. The results indicate that this model 
is particularly sensitive to variations in hydraulic conductivity.  
 
Table 9 shows the calculated changes in the model-calculated dewatering rates if hydraulic 
parameters of the Cattamarra CM aquifer are altered. As the results show, varying the 
horizontal hydraulic conductivity used in the model has a greatest influence on the average 
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rate of dewatering required. The extraction rate decreases to 1.1 GL/annum when 
horizontal hydraulic conductivity is reduced to 0.1 m/d and increases to 12.5 GL/annum 
when it is increased to 3 m/d, which is within the probable limits. Varying the vertical 
hydraulic conductivity, specific yield, permeability of the Warradarge Fault, and 
simulating the presence of the Yarragadee aquifer to the north of the project area also result 
in changes to the calculated average required rate of dewatering, but by a lesser amount.  
 
Table 9 – Sensitivity Analysis: Model Results with Modified Cattamarra CM 
Hydraulic Parameters 

Average 
Extraction 

Rate 

Proportion 
of Original 
Extraction 

Rate  
Parameter  Original 

Value 
Varied 
Value 

GL/annum % 
Original Model - - 5.3 0 

0.1 1.1 21 

0.5 3.7 70 Horizontal Hydraulic 
Conductivity (m/d) 1 

3 12.5 236 

0.0001 4.4 83 Vertical Hydraulic Conductivity 
(m/d) 0.001 

0.01 7.0 132 

0.003 3.9 74 
Specific Yield 0.03 

0.3 7.3 138 

0.00005 5.1 96 Hydraulic Conductivity of 
Warradarge Fault (m/d) 0.005 

0.5 7.3 138 

No Yarragadee to North - - 5.4 102 
 
A model run was carried out to determine the effects of extending the aquifer west of 
Peron Fault. An additional layer was added to the model with complete hydraulic 
connectivity to the area east of the fault (i.e. no direct barriers to the flow of groundwater 
from the CCM to the Eneabba Formation). The results of this model run (sensitivity 
analysis) indicate that there was negligible flow across the fault. This is due to the 
interpreted dip of the strata and the impact of the assumed low vertical permeability within 
the CCM (Section 7.1). There was less than 1% change to the predicted dewatering 
extraction rates. 
 

8.7 DISCUSSION OF MODELLING RESULTS 
 
The model created is based on few measured parameters and so the modelling results 
should be treated as a first estimate of fluxes and drawdowns that could occur during 
mining. As shown in the sensitivity analysis, hydraulic conductivity parameters can have a 
significant effect on the modelling results. As mining progresses, additional data – 
particularly hydraulic conductivity data – should be integrated into the model thus 
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increasing its accuracy. Additional pumping tests (particularly long-term tests) could be 
carried out to further increase the quality of model inputs. Due to the heterogeneous nature 
of the Cattamarra CM aquifer it is likely that the dewatering requirements will change as 
mining moves from south to north.  
 
Necessary interpretations that have been incorporated in the model may also need to be 
adjusted in order to improve the model further: in particular, the hydraulic effects of the 
faults that bound the Cattamarra CM aquifer to the east and west. The location of the 
Warradarge Fault and its permeability are likely to have a significant impact on dewatering 
requirements; both of these had to be largely interpreted for the model. 
 
The Peron Fault has been interpreted as a no-flow barrier and hence drawdown would not 
move west past this point. This would need to be confirmed or not by groundwater 
monitoring in order to determine if groundwater-fed lakes are influenced directly by 
dewatering. Also, creeks – in particular Erindoon and Bindoon Creeks - feed lakes, and 
may be impacted upon by dewatering as the groundwater flow may be reduced. The extent 
of this impact is outside the scope of this model but may need to be investigated in the 
future. 
 
Dewatering has been simulated by dewatering a moving 250 m by 250 m cell to a depth of 
140 m below ground level. In order to achieve the required dewatering rates, numerous 
closely spaced bores will need to be installed.  It is estimated that if bores are capable of 
about 25 L/sec, 10 or 11 bores will need to be installed along the highwall of the pit at a 
spacing of about 25 m. Further pumping tests should be conducted with closely-spaced 
monitoring bores so that the drawdown cone can be more accurately mapped. 
 
 

9 GROUNDWATER CHEMISTRY 
 
Water samples were collected from production bores near the end of each constant-rate 
pumping test.  Samples were also collected from monitoring bores at the completion of 
airlift development. If there was insufficient flow, a sample was bailed upon completion.  
Results of analyses are presented in Tables 10 and 11. 
 
Groundwater salinity, measured as Total Dissolved Solids (TDS), was above the aesthetic 
Australian Drinking Water Guidelines 2004 (ADWG) limit of 500 mg/L in all bores. Bores 
CW048P, CW049P and CW073P situated in the Yarragadee aquifer, have the lowest 
salinity values with 720 mg/L, 740 mg/L TDS, 280 mg/L TDS, respectively. Other bores in 
the Cattamarra CM aquifer had higher salinities averaging about 2,500 mg/L TDS. 
Samples ranged from 870 mg/L TDS in CW038P to 6,100 mg/L TDS in CW036P (and up 
to 12,750 mg/l in CW067P – although this measurement may have been affected by 
drilling fluids) and were generally higher in the deeper bores. 
 
Salinity contours in the Cattamarra CM (Fig. 7) show that bores in close proximity to 
creeks and those to the eastern side of the project area, near the Warradarge fault, have 
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lower salinities. This suggests that the aquifer is being recharged from surface water 
infiltration and from flow from the Yarragadee aquifer. The contours also show that 
groundwater salinities increase to the west.  
 
Chemically, the water samples are of sodium-chloride type. Bores CW038P and CW039P 
(installed in the Cattamarra CM) differed in containing slightly lower chloride and higher 
carbonate and bi-carbonate.  Samples from the Yarragadee had the lower concentrations, 
and slightly higher proportions of bicarbonate, sulphate, magnesium and silica.  
 
The pH values ranged from 6.1 to 8.1, indicating slightly acidic to slightly alkaline 
conditions, but neutral on average.  
 
Iron concentrations were high and above the aesthetic ADWG (2004) of 0.3 mg/L, with the 
exception of CW048P which had 0.15 mg/L and CW068PB which was below the limit of 
reporting (0.02 mg/L). Samples from the remaining bores had concentrations between 0.76 
mg/L and 31 mg/L for iron. These high concentrations could lead to precipitation of iron 
oxide when the water is aerated. 
 
Soluble manganese was above the aesthetic guideline (0.1 mg/L) in all bores, with the 
exception of CW048P (0.045 mg/L). The remaining bores had concentrations ranging from 
0.13 mg/L to 2.2 mg/L. The health guideline limit is 0.5 mg/L which was exceeded in five 
of the bores. 
 
Sulphate was below ADWG (2004) in the majority of the bores sampled. CW036P was 
above the health guideline limit (500 mg/L) with a concentration of 540 mg/L and 
CW035P was about the aesthetic guideline limit (250 mg/L) at 260 mg/L. 
 
Turbidity in bores CW069PB and CW072PB had readings at 48 and 12 NTU, respectively; 
both well above the aesthetic guideline of 5 NTU. Turbidity values are likely to change 
during mining activity, and guidelines set by the authorities may need to be met by the 
operation of settling basins. 
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Table 10 – Results of Production Bore Chemical Analyses  
CW070PB CW069PB CW072PB CW068PB
13/01/2008 19/01/2008 23/01/2008 13/12/2007

pH pH Units 6 6.2 5.8 6.8
Conductivity @25oC µS/cm 5000 4300 3200 2900
Total Dissolved Solids @ 180oC mg/L 2800 2500 1900 1700
Soluble Iron, Fe mg/L 1.5 <0.02
Sodium, Na mg/L 1300 1000 670 530
Potassium, K mg/L 28 25 19 22
Calcium, Ca mg/L 13 9.9 8.8 8.5
Magnesium, Mg mg/L 86 59 59 39
Chloride, Cl mg/L 1700 1400 1000 800
Carbonate, CO3 mg/L <2 <2 <2 <1
Bicarbonate, HCO3 mg/L 40 50 110 80
Sulphate, SO4 mg/L 180 180 130 110
Nitrate, NO3 mg/L <0.1 <0.1 <0.1 <0.2
Fluoride, F mg/L <0.1 <0.1 <0.1
Soluble Manganese, Mn mg/L 1.1 0.43 0.34
Sillicon (Expressed as SiO2) mg/L 65
Cation/Anion balance % 10.7 5.8 3.3 1.7
Sum of Ions (calc.) mg/L 3349 2725 1997 1595
TRH C6-C9 mg/L <0.04 <0.04
TRH C10-C14 mg/L <0.04 <0.04
TRH C15-C28 mg/L <0.2 <0.2
TRH C29-C36 mg/L <0.2 <0.2
TRH C6-C9 µg/L <40 <40
TRH C10-C14 µg/L <40 <40
TRH C15-C28 µg/L <200 <200
TRH C29-C36 µg/L <200 <200
TRH Surrogate % 91 97
Soluble Aluminium, Al mg/L <0.02 <0.02
Soluble Barium, Ba mg/L 0.022 0.066
Total Iron, Fe mg/L 5.2 2
Soluble Strontium, Sr mg/L <0.001 <0.001
Soluble Boron, B mg/L 0.3 <0.2
Soluble Arsenic, As mg/L <0.001 <0.001
Soluble Cadmium, Cd mg/L <0.0001 <0.0001
Soluble Lead, Pb mg/L <0.005 0.005
Soluble Mercury, Hg mg/L <0.0005 <0.0005
Soluble Molybdenum, Mo mg/L <0.001 <0.001
Soluble Selenium, Se mg/L <0.002 <0.002
Soluble Chromium, Cr mg/L <0.005 <0.005
Soluble Nickel,Ni mg/L 0.007 0.01
Soluble Vanadium, V mg/L <0.001 <0.001
Soluble Antimony, Sb mg/L <0.001 <0.001
Soluble Beryllium, Be mg/L <0.001 <0.001
Soluble Lithium, Li # mg/L 0.02 <0.01
Soluble Cobalt, Co mg/L <0.01 <0.01
Total Alkalinity  as CaCO3 mg/L 51 110
Ortho Phosphorus, PO4-P mg/L <0.2 <0.2
Silicon Total-Acid extractable mg/L 29 30
Turbidity NTU 48 12
Total Organic Carbon mg/L 7.2 6.9
Chemical Oxygen Demand mg/L 110 41
Colour (Apparent) PCU <5 <5

Analyte Description Units
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Table 11 – Results of Monitoring Bore Chemical Analyses  
 

CW047P CW039P CW038P CW036P CW035P CW040P CW041P CW042P CW043P CW045P CW044P CW048P CW049P
22/11/2006 23/11/2006 23/11/2006 23/11/2006 23/11/2006 23/11/2006 23/11/2006 23/11/2006 23/11/2006 21/11/2006 21/11/2006 24/11/2006 24/11/2006

pH pH Units 7.7 8.1 7.8 7.6 7.7 7.5 6.1 7 7.3 6.7 7.5 6.7 6.8
Conductivity @25oC µS/cm 4700 1600 1500 11000 5700 5500 5000 6300 5000 2300 4400 1400 1400
Total Dissolved Solids @ 180oC mg/L 2600 1100 870 6100 3300 3200 2800 3600 2900 1200 3500 720 740
Soluble Iron, Fe mg/L 7.3 5 31 2 9.7 4.4 3.9 7.3 9.1 9.5 12 0.76 7.6
Zinc, Zn mg/L 0.05 5.6 0.33 0.18 0.07 0.1 0.14 0.11 0.28 0.08 0.08 0.14 0.12
Copper, Cu mg/L 0.02 0.02 0.07 0.02 0.01 0.02 0.02 0.02 0.06 0.02 0.03 <0.1 0.02
Barium, Ba mg/L 0.058 0.031 0.14 0.041 0.044 0.084 0.15 0.072 0.24 0.081 0.096 0.078 0.13
Aluminium, Al mg/L 1.3 1.4 4.4 0.59 0.36 0.44 1.6 0.49 3 1.7 1.7 0.15 1.5
Nitrite, NO2 mg/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Ammonia Nitrogen mg/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Sodium, Na mg/L 800 270 250 1900 990 940 870 950 700 400 710 230 230
Potassium, K mg/L 21 18 25 46 24 23 19 28 30 20 17 11 12
Calcium, Ca mg/L 7.3 34 4.8 26 11 8.9 7.7 17 23 6.8 18 4 6
Magnesium, Mg mg/L 45 13 18 180 76 71 55 150 140 44 67 27 26
Chloride, Cl mg/L 1500 420 410 3600 1900 1800 1700 2000 1700 740 1400 420 440
Carbonate, CO3 mg/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Bicarbonate, HCO3 mg/L 60 170 85 50 60 40 5 30 35 15 50 15 20
Sulphate, SO4 mg/L 150 38 46 540 260 240 190 230 180 87 190 42 42
Nitrate, NO3 mg/L <0.2 0.9 <0.2 <0.2 <0.2 <0.2 0.3 <0.2 2.8 0.2 <0.2 4.1 4.5
Fluoride, F mg/L 0.5 0.2 0.3 0.6 0.5 0.4 0.2 0.1 0.2 0.1 0.3 <0.1 0.1
Soluble Manganese, Mn mg/L 0.16 0.14 0.94 2.2 0.6 0.49 0.81 0.45 0.36 0.31 0.42 0.045 0.13
Sillicon (Expressed as SiO2) mg/L 51 27 61 72 60 75 93 42 96 62 45 24 29
Cation/Anion balance % -9.04 -1.39 -1.89 -7.63 -7.93 -7.58 -8.82 -6.04 -8.38 -2.7 -8.53 -0.64 -3.76
Sum of Ions (calc.) mg/L 2614 970 844 6320 3308 3108 2826 3458 2781 1311 2484 754 788
Total Alkalinity  as CaCO3 mg/L 51 140 68 41 50 35 6 23 29 13 39 14 17
Ortho Phosphorus, PO4-P mg/L <0.05 <0.05 0.1 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Analyte Description Units
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Table 12 shows the results of Ryznar stability index (RSI) for bores CW069PB and 
CW072PB, which have RSI values of 11.6 and 11.4 respectively.  RSI values above 7 are 
thought to indicate tendency for corrosion activity, therefore bores constructed for long-
term use should be constructed with inert materials such as PVC, fibre-glass reinforced 
plastic or stainless steel. 
 
Table 12 – Ryznar Stability Analysis  
 

TDS pH Ca HCO3 Alkalinity Factor Factor
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) S* C*

CW069PB 2500 6.2 9.9 50 48.11 23.241 5.4 11.6
CW072PB 1900 5.8 8.8 110 104 23.23 6.05 11.4

Bore RSI

 
* From Pg 1007-1008, Driscoll (1986) 

 
 

10 POTENTIAL EFFECTS OF DEWATERING ON OTHER 
GROUNDWATER USERS AND GROUNDWATER – 
DEPENDENT ECOSYSTEMS  

 
Within the Cattamarra CM aquifer system there are privately-owned agricultural bores 1.5 
kilometres southwest of the project area.  About four kilometres north of the project area is 
the currently non-operational Eneabba West Project. Monitoring bores have been installed 
between the estimated pit area and these facilities to monitor water levels and identify any 
potential drawdowns. It is planned that if there are any negative effects on the existing 
installations, they will be managed by Aviva.  
 
East of the Warradarge Fault and in the Yarragadee aquifer is the borefield supplying Iluka 
East Eneabba Operations. Numerical modelling suggests that the drawdown in the 
Yarragadee aquifer after 30 years of dewatering will not exceed 0.8 m; if this is correct, 
proposed dewatering would have negligible impact on this borefield. Monitoring bore 
CW073P (Fig. 1) has been installed east of the Warradarge Fault to measure any potential 
drawdown. 
 
Numerical modelling suggests that after 30 years of dewatering, water-level drawdowns of 
up to 3 m will occur at the lower reaches of Erindoon, Bindoon and Eneabba Creeks. The 
flows from these creeks also feed Indoon and Logue Lakes west of the Peron Fault, so 
although these lakes are not thought to be within the same aquifer system as the proposed 
dewatering they may be impacted upon by receiving lower rates of input from groundwater 
supported creek flow.  
 
Further analyses of these potential impacts are currently being undertaken by Aviva and 
will be reported to the Department of Environment and Conservation. Depth to 
groundwater is less than 5 m in areas within the central part of the project area and to the 
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west towards Peron Fault (Fig. 43). The groundwater in these areas could potentially 
support groundwater dependant ecosystems. 
 

11 CONCLUSIONS  
 
An investigation has been undertaken to assess the dewatering requirements of Aviva’s 
proposed Central West Coal Project. For mining to occur, dewatering of the brackish to 
saline water of the Cattamarra CM aquifer will be required over the life of the mine.  It is 
planned that dewatering will be effected by dewatering bores extending to depths of up to 
200 m. This investigation included the drilling and construction of four test-dewatering 
bores and 16 monitoring bores, aquifer testing, and numerical modelling. 
 
Based on the current available and data numerical modelling, it is estimated that the 
required average extraction rate will be about 5.3 GL/annum over a 30 year period. The 
results also show that the dewatering rate may vary considerably over the mine life: 
between about 2 GL/annum and 9 GL/annum. These results should be treated as an 
estimate of fluxes that could occur during mining. As mining progresses, additional data, 
particularly hydraulic conductivity data of strata and hydraulic properties of bounding 
faults, should be integrated into the numerical model to increase its accuracy 
 
The proposed dewatering is thought to have negligible affect on other groundwater users in 
the vicinity of the project area. Regardless of this, monitoring bores have been emplaced to 
measure any potential drawdowns. Dewatering, however, may impact on the flows of 
Erindoon and Bindoon Creeks which feed lakes to the west of the project area. Further 
analyses of the potential impacts on groundwater dependant ecosystems are currently being 
undertaken by Aviva. 
 
 
Dated: 9 February 2009                        Rockwater Pty Ltd 

                                            
 
 
 
 
 
 
  D Roney 
  Hydrogeologist 
 
 
 
 
 
 
 
  M J Taylor 
  Senior Hydrogeologist 
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LATERIC SAND

SANDSTONE: pale yellow to cream to white, very fine to coarse grained
quartz, poorly sorted, moderately to well cemented, minor laterite interbedded, 
minor traces of heavy minerals.

LATERIC SAND: ochre to orange to brown, very fine to coarse quartz in 
ferruginous matrix, weakly cemented, poorly sorted, minor clay content.
SANDSTONE: pale yellow to cream to pale grey, very fine to medium grained 
quartz, poorly sorted, poorly to well cemented, minor laterite interbedded.

SHALE:  dark grey to pale brown, fissile, weakly cemented, traces very fine 
quartz/heavy minerals present.

SANDSTONE: yellow to ochre orange, very fine to fine grained quartz, 
sub-angular to sub-rounded, poorly to moderately cemented, poorly sorted, 
minor heavy minerals.

SILTSTONE: dark yellow/orange to dark grey, very fine quartz/heavy minerals, 
sub-rounded, weakly cemented.

SANDSTONE: cream to white to pale grey, fine to very coarse grained quartz, 
angular to sub-rounded, poorly sorted, weakly cemented, minor carbonaceous 
material (young coal) interbedded.

SHALE: dark grey to black, weakly cemented, contaminated with laterite from 
upper layers, 

COAL SEAM

SHALE: dark grey to black, weakly cemented, interbedded with siltstone 
in upper 2 meters.

SILTSTONE: dark grey to mid grey, weakly cemented, increasing very fine 
to fine quartz with depth.

SANDSTONE

SILTSTONE: dark grey to black, weakly cemented, carbonaceous material 
and sandstone interbedded with shale

SANDSTONE: pale grey, silt to fine quartz, sub-rounded, weakly cemented, 
moderately sorted, minor dark grey siltstone interbedded, with traces of 
heavy minerals.

SILTSTONE: mid todark grey, poorly cemented, minor very fine to fine 
quartz sandstone interbedded, slightly fissile shale also interbedded.

SHALE: as above with interbedded ferruginous fine grained sandstone, 
moderately to well cemented.

SHALE: as from 165 to 176 m with minor coal traces.

COAL SEAM: interbedded with dark grey, weakly cemented 
shale and siltstone

SANDSTONE: pale grey, silt to fine quartz, sub-rounded, weakly cemented

SILTSTONE: with interbedded well cemented shale.

SILTSTONE: with minor fine grained quartz sandstone, pale grey, 
moderately cemented

SILTSTONE/SHALE: dark brown to pale to dark grey, weakly to moderately 
cemented, siltstone and shales interbedded, very minor traces very 
fine grained quartz

SILTSTONE
SANDSTONE: pale to mid grey, very fine to medium grained quartz, 
sub-angular to sub-rounded, weakly to moderately cemented, 
poorly sorted, interbedded with siltstone.
SILTSTONE: mid to dark grey, weakly to moderately cemented, interbedded 
with shale and minor sandstone.

0 to 25 m, 444 mm PCD
bit, mud-rotary

25 to 300 m, 216 mm PCD
bit, mud-rotary

25 to 206 m, reamed from
 216 mm to 340 mm

+0.3 to 27.35 m, schedule 20
steel, 250 mm ND, blank 

27.35 to 39.57 m, grade 304 wire 
wound screen, 260 mm ID,
273 mm OD, 0.5 mm aperture 

39.57 to 45.69 m, schedule 20 steel,
250 mm ND, blank

45.69 to 51.8 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD, 0.5 mm aperture

51.8 to 75.98 m, schedule 20
steel, 250 mm ND, blank 

75.98 to 85.08 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD, 0.5 mm aperture

85.08 to 97.12 m, schedule 20
steel, 250 mm ND, blank

97.12 to 106.23 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD,0.5 mm aperture

106.23 to 112.25 m, schedule 20
steel, 250 mm ND, blank

112.25 to 118.35 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD,0.5 mm aperture

118.35 to 142.43 m, schedule 20
steel, 250 mm ND, blank

142.43 to 151.53 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD, 0.5 mm aperture

151.53 to 157.55 m, schedule 20
steel, 250 mm ND, blank

157.55 to 166.66 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD,0.5 mm aperture

166.66 to 190.74 m, schedule 20
steel, 250 mm ND, blank

190.74 to 199.85, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD,0.5 mm aperture

199.85 to 200 m, stainless steel 
base plate

+1.6 to 3.2 m diameter, graded quartz

Collar Co-ords: 330 354 E
(MGA 94)       6 685 902 N
Air-lift yield:   25 L/s
Salinity:          1 700 mg/L TDS
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SILTSTONE: pale to mid to dark grey, silt to very fine grained, moderately 
cemented, minor coal interbedded.
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LATERIC SAND: orange to red to brown, very fine to very coarse quartz, up to large pebbles 
of laterite nodules, poorly sorted, weakly cemented.

SILTSTONE: pale grey to dark red/brown, weakly cemented, slightly fissile 
in places, lateritic sand (as above interbedded), minor ferruginous 
sandstone interbedded.

SHALE: mid to dk grey, wkly to mod cemented, fissile, minor siltstone interbedded.
COAL: interbedded with shale (as above).

SILTSTONE: mid to dark grey, weakly cementd, minor shale, 
very minor coal, slightly fissile in places.

SILTSTONE: as above, interbedded with fine to coarse quartz, sub-angular 
to sub-rounded, poorly sorted, weakly cemented sandstone, white to 
pale to mid grey.

SILTSTONE: mid to dark grey, weakly cementd, minor shale, very minor coal, 
slightly fissile in places, interbedded with sandstone
SANDSTONE: white to pale to dk grey, f to med grain, s-a to s-r, ply sorted, wkly cemented, interbedded with siltstone.

SILTSTONE: mid to dark grey, weakly cemented, very slightly fissile in 
places, very minor quartz.

SILTSTONE: mid to dark grey, weakly cemented, very minor heavy minerals, 
fine white moderately cemented sandstone at 48 to 50 m.

SANDSTONE: very fine to fine, white to pale grey, sub-rounded to sub-angular, 
moderately cemented, moderately to well sorted, minor heavy minerals, interbedded with shale.

SILTSTONE: mid to dark grey, weakly cemented, very minor traces very fine 
quartz (residual??), minor white fine quartz sandstone sub-rounded, 
moderately to well cemented well sorted.

SANDSTONE: white, very fine to medium quartz, sub-rounded, weakly 
cemented, well sorted; interbedded siltstone decreasing with depth.

SILTSTONE: weakly cemented, slightly fissile, mnor sandstone (as above) 
interbedded, mid to dark grey, minor shale (?).

EOH

0 to 86 m, 216 mm PCD bit, 
mud-rotary

6 to 80 m, reamed from
216 mm to 340 mm

0 to 6 m, reamed from
216 mm to 444 mm

+0.31 to 20.57 m, schedule 20 
steel, 250 mm ND, blank

20.57 to 29.68 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD,0.5 mm aperture

29.68 to 44.73 m, schedule 20
steel, 250 mm ND, blank

44.73 to 53.84 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD,0.5 mm aperture

53.84 to68.89 m, schedule 20
steel, 250 mm ND, blank

68.89 to 78.00 m, grade 304 wire
wound screen, 260 mm ID, 273 mm
OD,0.5 mm aperture

78.00 to 78.15 m, stainless steel
base plate

+1.6 to 3.2 mm diameter, graded
quartz

Collar Co-ords: 329 826 E
(MGA 94)       6 685 655 N
Air-lift yield:    5 L/s
Salinity:          3 135 mg/L TDS
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Figure 10

 Rockwater Pty Ltd

Horizontal Not to Scale
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CLIENT :         Aviva

PROJECT :     Pit Dewatering
                               
DATE :            April 2008

DWG NO. :      335.0/08/1-10

Formation

Lithology
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Gamma
API

SAND: pale grey-white, brown, moderately sorted, medium to coarse grained 
sub-rounded unconsolidated quartz.
LATERITE: red-brown, pebbles

SILTSTONE: Grey-brown, weakly cemented, trace of sandstone. 

SHALE: Dark brown, fissile, silty; weakly cemented.

SANDSTONE: Pale grey to pale brown, poorly sorted, fine to very coarse 
grained, sub-rounded, weakly cemented quartz.

SHALE: Dark grey, fissile minor ferruginous siltstone interbedded, 
weakly cemented.

SHALE: Dark grey fissile trace of peaty coal and pyrite at 37m and 40m depth, 
moderately cemented.

SANDSTONE Pale grey, brown, poorly sorted, fine to very coarse grained, sun rounded weakly cemented quartz.

SHALE: Dark grey, fissile, weakly to moderately cemented.

SANDSTONE: Pale grey, moderately sorted, fine to medium grained, 
sun-rounded, weakly cemented quartz.

SHALE: Dark grey, fissile weakly cemented.

EOH

0 to 57 m, 216 mm PCD bit,
mud-rotary

0 to 6 m, reamed from 216 mm to
340 mm

6 to 54.5 m, reamed from 216 mm to
250 mm, mud-rotary

+0.3 to 11.70 m, 154 mm ID,
168 mm UD, class 12 uPVC blank

11.70 to 53.7 m, 154 mm ID, 168 mm
UD, class 12 uPVC, slotted 0.5 mm
horizontal aperture

+1.6 to 3.2 mm diameter, graded
quatrz

Collar Co-ords: 330 354 E
(MGA94)        6 684 591 N
Air-lift yield:   5 L/s
Salinity:         3 223 mg/L TDS
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PIT DEWATERING BORE
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CONSTRUCTION DIAGRAM
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Figure 11

 Rockwater Pty Ltd

Horizontal Not to Scale
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CLIENT :         Aviva Corporation Ltd

PROJECT :     Central West Coal Deposit
                               
DATE :            April 2008

DWG NO. :      335.0/08/1-11

Formation

Lithology
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Gamma
API

SILT: pale cream-grey, well sorted, very fine, unconsolidated quartz and organic material.

SAND: pale grey, poorly sorted, very fine to very coarse grained, sub-angular unconsolidated quartz.

SAND: yellow br, mod sorted fine to medium grained sub angular ferruginous unconsol to mod cemented qtz and ironstone.

SANDSTONE/SILTSTONE: pale yellow brown, cream, grey poorly sorted very fine to medium grained, 
weakly cemented quartz interbedded with soft brown siltstone.

SHALE: dark grey, fissile, minor ferruginous siltstone interbedded, 
weakly cemented.

SANDSTONE: pale grey, moderately sorted, very fine to medium grained 
sub-rounded weakly cemented quartz, interbedded siltstone.

SILTSTONE: pale grey brown, sandy.
SHALE: dark grey silty.

SANDSTONE/SILTSTONE: pale brown, poorly sorted, silt to medium 
grained, sub-rounded, weakly cemented quartz, interbedded siltstone.

SHALE: dark grey fissile.

SANDSTONE: grey br, mod sorted, fine to medium grained, weakly cemented qtz,minor interbedded siltstone. 

SHALE/SILTSTONE: mid to dark grey, interbedded fissile shale and sandy 
siltstone weakly cemented.

EOH

0 to 59 m, 250 mm PCD
bit, mud-rotary

+0.3 to 53 m, 150 mm ID, 168 mm
OD class 12 uPVC

+1.6 to 3.2 mm diameter, 
graded quartz

Collar Co-ords: 330 828 E
(MGA94)        6 684 326 N
Air-lift yield:   12 L/s
Salinity:          2 142 mg/L TDS
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Gamma
API

SAND, yellow to dark cream, very fine to 
coarse grained, poorly to moderately 
sorted, subangular, very slightly clayey, 
traces heavy minerals.

41.32 to 47.32 m, 50 mm ID, 
slotted, class 9 uPVC casing,
0.50 mm aperture

+1.6 - 3.2 mm graded sand pack

0 - 48 m, 103 mm diameter 
air-core hole

+0.91 - 41.32 m, 50 mm ID 
blank class 9 uPVC casing

~0 - 6 m, 105 mm ID, 
blank class 9 uPVC

Cement groutSWL
0.72
m bgl

E.O.H. 48 m

Client:             Aviva CorporationLtd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-12

Monitoring Bore CW035P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW035PComposite Log.grf

Figure 12

25 to 26 m bentonite seal

Collar Co-ords:    328 226 E
(MGA94)         6 688 640 N 
Air-lift yield:     0.78 l/sec
Salinity:            3,300 mg/L TDS

CLAYEY SILT, weathered, well cemented.

7-8.5 m Laterite present, up to large 
pebbles.

CLAYEY SILT, unweathered, well 
cemented.

SILTY SAND, yellow/grey, silt to very fine, 
poorly to moderately sorted, moderately 
cemented, subangular to sub rounded.

SAND, pale to dark grey, very fine to 
very coarse grained, poorly sorted, 
subangular to sub rounded, some 
v. slightly weathered.

SHALE, silty, grey to dark grey, well 
cemented, layered.

SAND, grey, silt to fine grained, poorly to moderately
 sorted, poorly cemented, subangular to sub rounded.

SHALE, weathered, dark grey, silt to very 
fine, moderately layerd, moderately to 
cemented.

Steel riser with lid
(?.? m stickup)
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Gamma
API

SAND, yellow to dk cream, very fine to 
coarse grained, poorly to moderately 
sorted, subangular, very slightly clayey, 
traces heavy minerals.

17.56 to 23.56 m, 50 mm ID, 
slotted (0.5mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 25 m, 103 mm diameter 
air-core hole

+0.64 - 17.56 m,  50 mm ID, 
blank, class 9 uPVC casing

~0 - 6 m, 105 mm ID, 
blank, class 9 uPVC casing

Cement grout

0 - 2.5 m, 270 mm 
diameter hole

SWL
2.94 

m btoc

E.O.H. 48 m

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-13

Monitoring Bore CW036P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW036PComposite Log.grf

Figure 13

Collar Co-ords:    328 225 E
(MGA94)         6 688 637 N 
Air-lift yield:     0.17 l/sec
Salinity:            6,100 mg/L TDS

CLAYEY SILT, weathered, well cemented.

7-8.5 m Laterite present, up to large 
pebbles.

CLAYEY SILT, unweathered, well 
cemented.

SILTY SAND, yellow/grey, silt to very fine, 
poorly to moderately sorted, moderately 
cemented, subangular to sub rounded.

SAND, pale to dark grey, very fine to 
very coarse grained, poorly sorted, 
subangular to sub rounded, some 
v. slightly weathered.
SHALE, silty, grey to dark grey, well 
cemented, layered.

SAND, grey, silt to fine grained, poorly to moderately
 sorted, poorly cemented, subangular to sub rounded.

SHALE, weathered, dark grey, silt to very 
fine, moderately layerd, moderately to 
cemented.

Steel riser with lid
(0.76 m stickup)
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Gamma
API

LATERITE, pelsilitic.
CLAYEY SILT, yellow/orange, with some sandstone & laterite.

SANDSTONE, sandy claystone/siltstone, well cemented, 
silicious, fine to coarse grained, moderately sorted, 
subangular to subrounded, ferruginous, very hard.

WEATHERED SHALE, yellow/orange/
red/grey, moderately cemented, silty clay.

COAL
CARBONACEOUS SHALE, layered, well cemented.

CLAY SHALE, dark grey, well cemented 
becoming less cemented with depth, 
moderately hard to soft.

CLAY SHALE, silty, slightly carbonaceous, 
mica present.

SANDY/SILTY SILTSTONE, very fine to 
silty sand, some mica, poorly to 
moderately cemented.

SAND w/SANDSTONE, very fine to fine 
grained, subangular to subrounded, well 
sorted, traces heavy minerals.

COAL
SANDSTONE/SHALE (minor), very fine to medium grained, 
subrounded, moderately sorted, slightly carbonaceous.
SAND, very fine to medium grained, 
subrounded, moderately sorted.
SILTY SAND SHALE, slightly 
carbonaceous, silt to fine grains,fine 
layers.

SANDSTONE, very fine to coarse grained, 
subangular to subrounded, well sorted, 
traces heavy minerals, trace pink garnet, 
mica.

Carbonaceous shale at 57 & 40 m. 

SILTY SANDY SHALE,  dark grey, slightly 
carbonaceous, moderately hard, layered, 
slightly clayey.

SANDSTONE, very fine to medium 
grained, subrounded, well sorted.

SILTY/SANDY?? SHALE,moderately to 
hard, layered, silt to very fine grained.

SANDSTONE, very fine to medium 
grained, subangular to subrounded, 
well sorted, traces heavy minerals.
SILTY SHALE, soft to moderate hardness, 
very fine sands.

SANDY SILTSTONE, very fine grained, 
subrounded, well sorted, trace mica, 1% 
very fine heavy minerals.

89.5 to 90 m minor coal.

SHALE w/COAL (minor), mica, very fine grained.
SANDSTONE, very fine to very coarse, 
subrounded, poorly sorted, slightly clayey, 
minor shale, trace garnet, heavy minerals 
& mica.

97 to 98 m SANDY CLAY

100 to 101 m SHALE, hard.

104 m COAL

105 to 108 m SANDY/SILTY SHALE

30.18 to 36.18 m, 50 mm ID, 
slotted (0.5mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 36 m, 103 mm diameter 
air-core hole

+0.67 - 30.18 m, 50 mm ID, 
blank, class 9 uPVC casing

~0 - 3 m, 209 mm ID, 
219 mm OD, steel surface casing

Cement grout

0 - 2.5 m, 270 mm 
diameter hole

SWL
7.77 
m bgl

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:              April 2008

Drg. No.:         335.0/08/1-14

Monitoring Bore CW038P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW038PComposite Log.grf

Figure 14

Collar Co-ords:    330 293 E
(MGA94)         6 689 219 N 
Air-lift yield:     0.03 l/sec
Salinity:            870 mg/L TDS

Steel riser with lid
(0.81 m stickup)
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Gamma
API

LATERITE, pelsilitic.
CLAYEY SILT, yellow/orange, with some sandstone & laterite.

SANDSTONE, sandy claystone/siltstone, well cemented, 
silicious, fine to coarse grained, moderately sorted, 
subangular to subrounded, ferruginous, very hard.

WEATHERED SHALE, yellow/orange/
red/grey, moderately cemented, silty clay.

COAL
CARBONACEOUS SHALE, layered, well cemented.

CLAY SHALE, dark grey, well cemented 
becoming less cemented with depth, 
moderately hard to soft.

CLAY SHALE, silty, slightly carbonaceous, 
mica present.

SANDY/SILTY SILTSTONE, very fine to 
silty sand, some mica, poorly to 
moderately cemented.

SAND w/SANDSTONE, very fine to fine 
grained, subangular to subrounded, well 
sorted, traces heavy minerals.

COAL
SANDSTONE/SHALE (minor), very fine to medium grained, 
subrounded, moderately sorted, slightly carbonaceous.
SAND, very fine to medium grained, 
subrounded, moderately sorted.
SILTY SAND SHALE, slightly 
carbonaceous, silt to fine grains,fine 
layers.

SANDSTONE, very fine to coarse grained, 
subangular to subrounded, well sorted, 
traces heavy minerals, trace pink garnet, 
mica.

Carbonaceous shale at 57 & 40 m. 

SILTY SANDY SHALE,  dark grey, slightly 
carbonaceous, moderately hard, layered, 
slightly clayey.

SANDSTONE, very fine to medium 
grained, subrounded, well sorted.

SILTY/SANDY?? SHALE, moderately to 
hard, layered, silt to very fine grained.

SANDSTONE, very fine to medium 
grained, subangular to subrounded, 
well sorted, traces heavy minerals.
SILTY SHALE, soft to moderate hardness, 
very fine sands.

SANDY SILTSTONE, very fine grained, 
subrounded, well sorted, trace mica, 1% 
very fine heavy minerals.

89.5 to 90 m minor coal.

SHALE w/COAL (minor), mica, very fine grained.
SANDSTONE, very fine to very coarse, 
subrounded, poorly sorted, slightly clayey, 
minor shale, trace garnet, heavy minerals 
& mica.

97 to 98 m SANDY CLAY

100 to 101 m SHALE, hard.

104 m COAL

105 to 108 m SANDY/SILTY SHALE

90.00 to 96.00 m, 25 mm ID, 
hand slotted class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 96 m, 103 mm diameter 
air-core hole, reamed 104 mm

+0.62 - 90.00 m,  25 mm ID, 
blank class 9 uPVC casing

~0 - 3 m, 105 mm OD, 
blank class 9 uPVC casing

Cement grout

0 - 2.5 m, 270 mm 
diameter hole

SWL
5.76 
m bgl

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-15

Monitoring Bore CW039P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500
I:\335-0\2006 composite logs\CW039PComposite Log.grf

Figure 15

47 to 48 m bentonite seal

Collar Co-ords:    330 286 E
(MGA94)         6 689 217 N 
Air-lift yield:     NA
Salinity:            1,100 mg/L TDS

73 to 74 m bentonite seal

Steel riser with lid
(0.72 m stickup)
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Gamma
API

LATERITE w/SAND, fine to coarse, poorly sorted.

36.24 to 42.24 m, 50 mm ID, 
slotted (0.5mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 54 m, 103 mm diameter 
air-core hole

+0.65 - 36.24 m,  50 mm ID, 
blank class 9 uPVC casing

Steel riser with lid
(0.8 m stickup)

Cement grout

0 - 2.5 m, 270 mm 
diameter holeSWL

0.15 
m bgl

E.O.H. 54 m

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-16

Monitoring Bore CW040P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW040PComposite Log.grf

Figure 16

25 to 26 m bentonite seal

Collar Co-ords:    328 817 E
(MGA94)         6 687 125 N 
Air-lift yield:     0.60 l/sec
Salinity:            3,200 mg/L TDS

SANDY CLAY, yellow/grey, weathered at 
top, very fine/silty to medium grained, 
subangular to subrounded (w/depth).

3 to 4.5 m very hard.

3 to 5 m unweathered, red/grey.

8 m minor sandstone.
CLAYEY SAND, yellow, silt to fine grained, well 
sorted, subangular to subrounded, moderately 
cemented.

SANDY SHALE, carbonaceous, silt to 
medium grained, moderately to well 
cemented, very hard, slightly oxidised at 
20 m, moderately to well layered.

SAND, yellow to grey, very fine/silt to 
medium grained, traces heavy minerals 
& garnet, moderately to well sorted, 
subangular to subrounded. Gradually 
becomes shalier with depth.

SANDY SHALE, silt to fine grained, 
moderate to well layered, firm.

SANDSTONE, grey, fine to medium grained, poorly 
sorted, subrounded.
CLAYEY SHALE, moderate to firm, silty, 
well layered, hard at 51 m.

~0 - 3 m, 105 mm ID,
blank class 9 uPVC casing

~6.5 m of backfill
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Gamma
API

LATERITE w/SAND, fine to coarse, poorly sorted.

10.02 to 16.02m, 50 mm ID, 
slotted (0.5 mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 16 m, 103 mm diameter 
air-core hole

+0.92 - 10.02 m, 50 mm ID, 
blank class 9 uPVC casing

Cement grout

Steel riser with lid
(0.? m stickup)

SWL
0.79 
m bgl

E.O.H. 54 m

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/06/1-17

Monitoring Bore CW041P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW041PComposite Log.grf

Figure 17

Collar Co-ords:    328 822 E
(MGA94)         6 687 128 N 
Air-lift yield:     0.2 l/sec
Salinity:            2,800 mg/L TDS

SANDY CLAY, yellow/grey, weathered at 
top, very fine/silty to medium grained, 
subangular to subrounded (w/depth).

3 to 4.5 m very hard.

3 to 5 m unweathered, red/grey.

8 m minor sandstone.
CLAYEY SAND, yellow, silt to fine grained, well 
sorted, subangular to subrounded, moderately 
cemented.

SANDY SHALE, carbonaceous, silt to 
medium grained, moderately to well 
cemented, very hard, slightly oxidised at 
20 m, moderately to well layered.

SAND, yellow to grey, very fine/silt to 
medium grained, traces heavy minerals 
& garnet, moderately to well sorted, 
subangular to subrounded. Gradually 
becomes shalier with depth.

SANDY SHALE, silt to fine grained, 
moderate to well layered, firm.

SANDSTONE, grey, fine to medium grained, poorly 
sorted, subrounded.
CLAYEY SHALE, moderate to firm, silty, 
well layered, hard at 51 m.
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Gamma
API

LATERITE, granules to very large pebbles, 
w/very coarse, angular to subrounded 
quartz.

CLAYEY SAND, dark yellow to orange, 
very fine to medium grained, subrounded, 
moderately to well sorted.

7.5 to 11.5 m red to grey mottled, minor 
coarse quartz.

Various shales, weathered and 
unweathered, poorly cemented. 12 to 
13.5 m moderately to well cemented, 
19 to 20 m well cemented.

SAND, yellow, fine to coarse, subangular 
to sub rounded, moderately to well sorted, 
clay layer at 17 to 18 m, traces heavy 
minerals & garnet.
SHALE, silty grey shale, firm, 
minor sand, medium to coarse grained, 
poorly sorted, angular to subrounded.

Minor COAL at 33.5 to 34 m (highly 
carbonaceous shale?).

SANDY SHALE/SANDSTONE, very fine 
to fine, subangular to subrounded, poorly 
to moderately sorted, traces heavy 
minerals & garnet, shale medium to well 
layered, firm, fine to medium sand at 
42-43 m.
SAND, grey, very fine to medium grained, 
subangular to subrounded, moderately 
sorted, traces heavy minerals & garnet.

49-64 m medium to coarse grained sand.

Slight shale at 54-55 and 58-60 m.

SANDY CLAY, silt to fine grained, 
subangular to subrounded, poorly to 
moderately sorted, poorly to well 
cemented, traces heavy minerals & 
garnet.

Carbonaceous shale/coal? 74.5-75.5 m.

SANDY SHALE, firm to hard, silty to 
medium grained, subangular to 
subrounded, moderately sorted, 
moderately to well layered.

SAND, medium to very coarse, subangular to subrounded,
 well sorted, traces heavy minerals & garnet.

COAL, w ith minor medium to coarse sands, 
poorly sorted, angular to subrounded.

COAL?/SHALE, carbonaceous, firm to 
hard, moderately layered, coarse grained 
sand at 84 m.

72.87 to 78.87 m, 50 mm ID, 
slotted (0.5 mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 87 m, 103 mm diameter 
air-core hole

+0.70 - 72.87 m,  50 mm ID, 
blank class 9 uPVC casing

Steel riser with lid
(0.77 m stickup)

Cement grout

0 - 2.5 m, 270 mm 
diameter hole

SWL
19.78 
m bgl

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-18

Monitoring Bore CW042P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW042PComposite Log.grf

Figure 18

40 to 41 m bentonite seal

Collar Co-ords:    330 031 E
(MGA94)         6 687 361 N 
Air-lift yield:     0.08 l/sec
Salinity:            3,600 mg/L TDS

E.O.H 87 m

~5 m of backfill

~0 - 6 m, 105 mm ID,
blank class 9 uPVC casing
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Gamma
API

23.83 to 29.83m, 50 mm ID, 
slotted (0.5mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 30 m, 103 mm diameter 
air-core hole

+0.65 - 23.83 m,  50 mm ID, 
blank class 9 uPVC casing

Cement grout

Steel riser with lid
(0.79 m stickup)

SWL
22.76 
m bgl

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-19

Monitoring Bore CW043P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW043PComposite Log.grf

Figure 19

Col Co-ords:    330 026 E
(MGA94)         6 687 362 N 
Air-lift yield:     Insufficient
Salinity:            2,900 mg/L TDS
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Bore Construction Details
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Gamma
API

SAND, pale yellow/dark cream, silt to 
medium grained, poorly to moderately 
sorted, angular to sub-rounded.

LATERITE, up to large pebbles, with very fine to 
moderate sands, poorly sorted, sub-angular to sub-rounded.

SANDY CLAY
SANDSTONE, very hard, ferrigenous, very fine to very coarse 
grained, angular  to sub-rounded, mica present, poorly to
moderately sorted.

SILTY CLAY, silty to very fine, well sorted, 
well cemented, pale grey.

SAND, fine to very coarse, angular to sub-
rounded, moderately sorted, quartz, 
traces heavy minerals.

SHALE, clayey, well layered, firm.
SAND, medium to very coarse, angular to sub-rounded

CLAY, pale to dark grey, moderately to 
well cemented, layered, minor medium 
to coarse quartz.

CLAYEY SHALE, dark grey, silty to very 
fine grained, firm, moderately layered, 
minor coal at 32 m.

SANDY SHALE, silt to medium grained, 
poorly sorted, angular to sub-rounded, 
poorly to well cemented, hard at 45 m.

36.85 to 42.85 m, 50 mm ID, 
slotted (0.5mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 48 m, 103 mm diameter 
air-core hole

+0.60 - 36.85 m,  50 mm ID, 
blank class 9 uPVC casing

Steel riser with lid
(0.76 m stickup)

Cement grout
0 - 2.5 m, 270 mm 
diameter hole

SWL
8.13 
m bgl

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-20

Monitoring Bore CW044P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW044P Composite Log.grf

Figure 20

30 to 31 m bentonite seal

Collar Co-ords:    328 538 E
(MGA94)         6 684 144 N 
Air-lift yield:     Insufficient
Salinity:           3,500 mg/L TDS

E.O.H 48 m

~5 m of backfill

~0 - 6 m, 105 mm ID,
blank class 9 uPVC casing
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Bore Construction Details
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Gamma
API

17.12 to 23.12 m, 50 mm ID, 
slotted (0.5mm aperture) 
cl.9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 24 m, 103 mm diameter 
air-core hole

+0.76 - 17.12 m,  50 mm ID, 
blank cl.9 uPVC casing

Cement grout

Steel riser with lid
(0.80 m stickup)

SWL
7.91 
m bgl

Client:             Aviva Corporation Ltd

Project:           Central West Coal Deposit

Date:               April 2008

Drg. No.:         335.0/08/1-21

Monitoring Bore CW045P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:\335-0\2006 composite logs\CW045P Composite Log.grf

Figure 21

Collar Co-ords:    328 539 E
(MGA94)         6 684 149 N 
Air-lift yield:     0.22 l/sec
Salinity:            1,200 mg/L TDS
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Bore Construction Details
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Gamma
API

SAND, pale yellow/pale grey/white, very 
fine to medium, sub-angular, moderately 
sorted, clayey at 2 to 4 m.
LATERITE, granules to large pebbles, fine to coarse quartz.

CLAY, pale grey, silt to fine grained, 
poorly to well cemented, well sorted, very 
hard silicious/laterite at 11.5 to 12 m.

SANDY SHALE/SANDSTONE, moderately hard, very fine to fine.
CLAY, yellow, silt to very fine, well sorted, poorly to well cemented.

SHALE, grey to black, silt to very fine, well 
layered, firm to hard, slightly 
carbonaceous.
SANDY SHALE, firm to hard, silty to 
medium grained, subangular to 
subrounded, moderately sorted, 
moderately to well layered.

COAL

SANDY SHALE, grey to dark grey, silt to 
fine grained, moderately to well sorted, 
moderately to well cemented, sub-rounded.

SAND, grey, fine to medium grained,  well sorted,
sub-angular to sub-rounded, trace heavy minerals, 
trace clay.

SAND, very fine to coarse grained, grey, 
sub-angular to sub-rounded, well sorted, 
traces heavy minerals and garnet.
SANDY SHALE, grey to dark grey, silt to fine 
grained, well layered, moderatley to well cemented.

36.32 to 42.32 m, 50 mm ID, 
slotted (0.5 mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 87 m, 103 mm diameter 
air-core hole

+0.88 - 36.32 m,  50 mm ID, 
blank class 9 uPVC casing

Steel riser with lid
(0.92 m stickup)

Cement grout

0 - 2.5 m, 270 mm 
diameter hole

Client:             Aviva Corporation Ltd

Project:           Eneabba Monitoring Bores

Date:               April 2008

Drg. No.:         335.0/06/08/1-22

Monitoring Bore CW047P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:/335.0/Drilling Results/CW047P/CW047P Composite Log.grf

Figure 22

34 to 35 m bentonite seal

Collar Co-ords:    327 380 E
(MGA94)         6 686 979 N 
Air-lift yield:     0.03 l/sec (50 mm)
Salinity:            2,600 mg/L TDS

E.O.H 48 m

~5 m of backfill

17.16 to 23.16 m, 25 mm ID, 
hand slotted class 9 uPVC casing

+0.84 - 17.16 m,  25 mm ID, 
blank class 9 uPVC casing
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Gamma
API

SAND, white/cream/yellow, very fine to 
coarse grained, sub-angular to sub-
rounded, poorly to moderately sorted.

9-10 m silty, slightly clayey.

16-18 m silty to very fine, very minor 
traces heavy minerals.

27-31 m medium to coarse grained, sub-
rounded, well sorted. 

31-32 m very coarse grained, angular to 
sub-rounded, moderately sorted.

40-48 m red/orange in colour.

37.61 to 43.61 m, 50 mm ID, 
slotted (0.5 mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 48 m, 103 mm diameter 
air-core hole

+0.71 - 37.61 m,  50 mm ID, 
blank class 9 uPVC casing

Cement grout

Steel riser with lid
(0.? m stickup)

SWL
24.26 
m bgl

Client:             Aviva Corporation Ltd

Project:           Eneabba Monitoring Bores

Date:               April 2008

Drg. No.:         335.0/08/1-23

Monitoring Bore CW048P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:/335.0/Drilling Results/CW048P/CW048P Composite Log.grf

Figure 23

36 to 37 m bentonite seal

Collar Co-ords:    331 680 E
(MGA94)         6 685 255 N 
Air-lift yield:     0.11 l/sec
Salinity:            720 mg/L TDS

E.O.H 48 m

~4 m of backfill
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Gamma
API

SAND, white/cream/yellow, very fine to 
coarse grained, sub-angular to sub-
rounded, poorly to moderately sorted.

9-10 m silty, slightly clayey.

16-18 m silty to very fine, very minor 
traces heavy minerals.

27-31 m medium to coarse grained, sub-
rounded, well sorted. 

31-32 m very coarse grained, angular to 
sub-rounded, moderately sorted.

40-48 m red/orange in colour.

37.61 to 43.61 m, 50 mm ID, 
slotted (0.5 mm aperture) 
class 9 uPVC casing

+1.6 - 3.2 mm graded sand pack

0 - 48 m, 103 mm diameter 
air-core hole

+0.71 - 37.61 m,  50 mm ID, 
blank class 9 uPVC casing

Cement grout

Steel riser with lid
(0.? m stickup)

SWL
24.26 
m bgl

Client:             Aviva Corporation Ltd

Project:           Eneabba Monitoring Bores

Date:               April 2008

Drg. No.:         335.0/08/1-24

Monitoring Bore CW048P
Composite Log

 Rockwater Pty Ltd

Vertical Scale = 1:500

I:/335.0/Drilling Results/CW048P/CW048P Composite Log.grf

Figure 24

36 to 37 m bentonite seal

Collar Co-ords:    331 680 E
(MGA94)         6 685 255 N 
Air-lift yield:     0.11 l/sec
Salinity:            720 mg/L TDS

E.O.H 48 m

~4 m of backfill
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PIT MULTI-PIEZOMETER MONITORING BORE
CW067P

CONSTRUCTION DIAGRAM

I:\335-0\Drilling Results\CW067P\CW67P Construction.xls/grf

FIGURE 25

 Rockwater Pty Ltd

Horizontal Not to Scale
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CLIENT :         Aviva Corporation Ltd

PROJECT :     Central West Coal Deposit
                               
DATE :            April 2008

DWG NO. :      335.0/08/1-25

Formation

Lithology
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Gamma
API

LATERITIC SAND AND LATERITE

EOH

0 to 224 m, 216 PCD bit,
mud-rotary

+ 0.8 to 52 m, class 18 uPVC,
50 mm ND, blank

52 to 70 m, class 18 uPVC,
50 mm ND, slotted

+ 0.9 to 110 m, class 18 uPVC,
50 mm ND, blank

110 to 122 m, class 18 uPVC,
50 mm ND, slotted 

+ 1 to 155 m, class 18 uPVC,
50 mm ND, blank

155 to 167 m, class 18 uPVC,
50 mm ND, slotted

+1.6 to 3.2 mm diameter, graded
quartz

105 to 109 m bentonite seal

145 to 150 m bentonite seal

Collar Co-ords: 329 862 E
(MGA 94)       6 685 738 N
Air-lift yield:  Trace (shallow)
L/s                Trace (intermediate)
                     Trace (deep)
Salinity:         7 412 (Shallow)
                    11 135 (intermediate)
mg/L TDS    12 751 (deep)

SANDSTONE

SILTSTONE AND SHALE

SANDSTONE, SILTSTONE AND SHALE

SHALE/COAL

SILTSTONE AND SHALE

COAL SEAM/SHALE

SHALE AND SILTSTONE

SANDSTONE AND SHALE

SHALE

SANDSTONE

SHALE

NOTE:
For geological descriptions of strata see Appendix III
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PIT MONITORING BORE
CW071P

CONSTRUCTION DIAGRAM

335.0/Drilling Results/CW071p/CW071P Construction.grf

FIGURE 26

 Rockwater Pty Ltd

Horizontal Not to Scale
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CLIENT :         Aviva

PROJECT :     Pit Dewatering
                               
DATE :            April 2008

DWG NO. :      335.0/08/1-26

Formation

Lithology
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Gamma
API

SAND: White grey-yellow brown, well sorted fine to medium grained, 
sub-rounded unconsolidated quartz.

SAND: yellow brown, poorly sorted, very fine to very coarse grained, angular 
to sub angular, unconsolidated quartz.

SANDSTONE: pale grey, moderately sorted coarse to granule sized, 
sub-rounded weakly cemented quartz.

SILTSTONE: pale grey, sandy weakly cemented.

SHALE: red-brown, pale grey, oxidised fissile, weakly cemented,

SHALE: Dark grey, fissile, weakly cemented.
SANDSTONE: Pale brown-grey, moderately sorted, fine to medium grained, sub-rounded weakly cemented quartz.

SHALE: As for 20-23m
SANDSTONE: pale grey-brown, poorly sorted, very fine to medium grained, 
sub rounded, weakly cemented quartz.

SILTSTONE/SANDSTONE: Pale grey, sandy well sorted, silt to very fine 
grained sub rounded quartz, weakly cemented, trace of shale.

SHALE: Dark grey, fissile, weakly cemented.

COAL SEAM: Black, mid grey, minor interbedded siltstone, weakly lithified.

SHALE: Dark grey, fissile, weakly cemented.

SILTSTONE: Pale to mid grey, weakly cemented, trace of shale and coal.

EOH

18 to 59 m, 250 mm PCD
bit, mud-rotary

0 to 18 m, 340 mm PCD
bit, mud-rotary

+1.0 to 23 m, 50 mm ID, 60 mm OD,
class 18 uPVC blank

23 to 59 m, 50 mm ID, 60 mm, OD,
class 18 uPVC, slotted
0.5 mm aperture

+1.6 to 3.2 mm diameter, graded
quartz

Collar Co-ords: 331 259 E
(MGA94)        6 683 940 N
Air-lift yield:    trace
Salinity:          1 157 mg/L TDS

SWL
14.34 
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PIT MONITORING BORE
CW073P

CONSTRUCTION DIAGRAM

335.0/Drilling Results/CW073PConstruction.grf

FIGURE 27 

 Rockwater Pty Ltd

Horizontal Not to Scale
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CLIENT :         Aviva

PROJECT :     Pit Dewatering
                               
DATE :           April 2008

DWG NO. :      335.0/08/1-27

Formation

Lithology
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Gamma
API

SAND: yellow- orange: very fine to very coarse; moderately sorted; quartz; 
sub angular to sub rounded; damp; minor traces of heavy metal (<5%); 
increasing coarseness with depth.

SANDSTONE: yellow-crm-white v fine to v coarse; quartz; p sorted;mod to w consolidated; s-r to angular.
SILT: white- pale red; silt- very fine, sub-rounded?; well sorted; slightly clayey (with compression).

SANDSTONE: white- yellow- pale red, very fine to very coarse; sub-rounded; 
moderately sorted; moderately consolidated; quartz; various states of oxidation. 

SANDSTONE: white; very fine to very coarse, sub-angular to sub-rounded; 
quartz; moderately to well sorted; moderately to well consolidated, minor 
silt content.
SANDSTONE: white; very fine to medium; sub-rounded, quartz; moderately sorted; 
weakly consolidated; minor silt content.

SANDSTONE: white- pale red; sub-rounded to sub-angular; quartz; 
poorly to moderately sorted, moderately consolidated; various states 
of oxidation; fine to very coarse.

SANDSTONE: white; fine to medium (occasionally coarse); quartz; 
moderately sorted; sub-rounded; porrly- moderately consolidated.
CLAY: light brown (choc); silt: moderately consolidated; slightly fissile.

SANDSTONE: fine to very coarse; quartz; white tot salmon; weakly to 
moderately sorted (Yarragadee).

SAND/SILTSTONE: pl yellow-cream silt-fine;clayey; wk consolidated; rounded; p sorted; stly consolidated.

SANDSTONE: as for 53-71; various stages of oxidation; 
white to salmon to orange.

EOH

0 to 80 m, HQ 
(103 mm) aircore

0 to 12 m, 50 mm OD
class 12 blank

12 to 80 m, 50 mm OD
class 12 slotted

+1.6 to 3.2 mm diameter, graded
quartz

Collar Co-ords: 331 704 E
(MGA94)        6 684 325 N
Air-lift yield:   na
Salinity:         na

SWL
32.17
m bgl
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 CW
068PB Step-Rate Test

(Test Started 14:05 hrs 05/12/07
 Pumping Rates = 6 L/s, 10L/s, 20L/s, 40L/s 

SW
L: 20.32 m)
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 CW
068PB Constant Rate Test

(Test Started 08:00 hrs 06/12/07
Average Pumping Rate = 25 L/s 

SW
L 21.47m)
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069PB Step-Rate Test

(Test Started 09:48 hrs 14/01/08
 Pum

ping Rates = 6.17 L/s, 8.086 L/s, 8.92 L/s 
SW

L 8.62 m
)

Figure 30
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(Test Started 11:55 hrs 08/01/08
 Pum

ping Rates = 2.33 L/s, 4.17 L/s, 6.20 L/s, 9.1 L/s 
SW

L 20.75 m
)

Figure 33
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Figure 34
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CLIENT:     Aviva Corporation

PROJECT: Central West Coal Dewatering

DATE:        November 2008

Dwg No:     335.0/08/1-39
Rockwater Pty Ltd

FIGURE 39
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CLIENT:       Aviva Corporation

PROJECT:   Central West Coal 
                    Dewatering Investigations

DATE:           May 2008

Dwg. No:      335.0/08/1-43

Modelling Results:
Drawdown after 30 years 

of Dewatering, and 
Pre-Mining Depth to 

Groundwater

Rockwater Pty Ltd
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PRODUCTION BORE CONSTRUCTION DETAILS 
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BORE CW035P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW035P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 328 221 mE  6 688 637 mN  
 
Status: Monitoring 
 
Date Commenced: 13/11/06 
 
Date Completed: 14/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 48 m 
 
Drilling Details: 0 – 48 m 103 mm Air-core 
  
Casing Details: +0.81. – 0.19 m 219 mm steel  
 +0.77 – 41.32 m, 50 mm blank cl12 uPVC 

41.32 – 47.32 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.77 m 
 
Reference Point Elevation: 58.19 m AHD 
 
Gravel Pack Interval: 0 – 48 m (cement and bentonite seal from 25 to 26 m) 
 
Final Airlift Yield: 0.78 L/sec 
 
Static Water Level: 1.63 m btoc (24/11/06) 
 
Final Water Salinity: 3,300 mg/L TDS  
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BORE CW036P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW036P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 328 224 mE  6 688 637 mN  
 
Status: Monitoring 
 
Date Commenced: 14/11/06 
 
Date Completed: 14/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 25 m 
 
Drilling Details: 0 – 25 m 103 mm Air-core 
  
Casing Details: +0.76 – 0.24 m 219 mm steel  
 +0.64 – 17.56 m 50 mm blank cl12 uPVC 

17.56 – 23.56 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.64 m 
 
Reference Point Elevation : 58.10 m AHD 
 
Gravel Pack Interval: 0 – 25 m (cement and bentonite seal from 10 to 11 m???) 
 
Final Airlift Yield: 0.17 L/sec 
 
Static Water Level: 2.94 m btoc (24/11/06) 
 
Final Water Salinity: 6,100 mg/L TDS  
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BORE CW038P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW038P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 330 289 mE  6 689 217 mN  
 
Status: Monitoring 
 
Date Commenced: 15/11/06 
 
Date Completed: 15/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 36 m 
 
Drilling Details: 0 – 36 m 103 mm Air-core 
  
Casing Details: +0.81 – 0.19 m 219 mm steel  
 +0.67 – 30.18 m 50 mm blank cl12 uPVC 

30.18 – 36.18 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.67 m 
 
Reference Point Elevation : 59.99 m AHD 
 
Gravel Pack Interval: 0 – 36 m  
 
Final Airlift Yield: 0.03 L/sec 
 
Static Water Level: 8.44 m btoc (24/11/06) 
 
Final Water Salinity: 870 mg/L TDS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 



I:\335-0\Drilling Results\App III-2006-07 Monitoring Bore Completion Data.doc 

BORE CW039P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW039P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 330 284 mE  6 689 215 mN  
 
Status: Monitoring 
 
Date Commenced: 16/11/06 
 
Date Completed: 17/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 96 m 
 
Drilling Details: 0 – 96 m 103 mm Aircore, then reamed 104 mm 
  
Casing Details: +0.72 – 0.28 m 219 mm steel  
 +0.62 – 41.32 m 25 mm blank cl9 uPVC 

41.32 – 47.32 m 25 mm slotted cl9 uPVC (handslot) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.62 m 
 
Reference Point Elevation : 59.99 m AHD 
 
Gravel Pack Interval: 0 – 96 m (bentonite seal from 47 to 48 m and 73 to 74 m) 
 
Final Airlift Yield: NA 
 
Static Water Level: 6.38 m btoc (24/11/06) 
 
Final Water Salinity: 1,100 mg/L TDS  
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BORE CW040P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW040P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 328 819 mE  6 687 129 mN  
 
Status: Monitoring 
 
Date Commenced: 17/11/06 
 
Date Completed: 18/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 54 m 
 
Drilling Details: 0 – 54 m 103 mm Aircore 
  
Casing Details: +0.80 – 0.20 m 219 mm steel  
 +0.65 – 36.24 m 50 mm blank cl12 uPVC 

36.24 – 42.24 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.65 m 
 
Reference Point Elevation : 62.00 m AHD 
 
Gravel Pack Interval: 0 – 54 m (bentonite seal from 25 to 26 m) 
 
Final Airlift Yield: 0.60 L/sec 
 
Static Water Level: 0.80 m btoc (25/11/06) 
 
Final Water Salinity: 3,200 mg/L TDS (calc from field EC) 
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BORE CW041P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW041P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 328 822 mE  6 687 129 mN  
 
Status: Monitoring 
 
Date Commenced: 18/11/06 
 
Date Completed: 18/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 16 m 
 
Drilling Details: 0 – 16 m 103 mm Aircore 
  
Casing Details: +0.84– 0.16 m 219 mm steel  
 +0.51 – 10.02 m 50 mm blank cl12 uPVC 

10.02 – 16.02 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.51 m 
 
Reference Point Elevation : 61.8 m AHD 
 
Gravel Pack Interval: 0 – 16 m  
 
Final Airlift Yield: 0.20 L/sec 
 
Static Water Level: 1.75 m btoc (25/11/06) 
 
Final Water Salinity: 2,800 mg/L TDS (calc from field EC) 
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BORE CW042P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW042P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 330 022 mE  6 687 362 mN  
 
Status: Monitoring 
 
Date Commenced: 18/11/06 
 
Date Completed: 18/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 87 m 
 
Drilling Details: 0 – 87 m 103 mm Aircore 
  
Casing Details: +0.77 – 0.23 m 219 mm steel  
 +0.70 – 72.87 m 50 mm blank cl12 uPVC 

72.87 – 78.87 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.70 m 
 
Reference Point Elevation : 75.59 m AHD 
 
Gravel Pack Interval: 0 – 80 m (bentonite seal from 40 to 41 m) 
 
Final Airlift Yield: 0.08 L/sec 
 
Static Water Level: 20.48 m btoc (25/11/06) 
 
Final Water Salinity: 3,600 mg/L TDS  
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BORE CW043P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW043P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 330 024 mE  6 687 361 mN  
 
Status: Monitoring 
 
Date Commenced: 19/11/06 
 
Date Completed: 19/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 30 m 
 
Drilling Details: 0 – 30 m 103 mm Aircore 
  
Casing Details: +0.79 – 0.21 m 219 mm steel  
 +0.65 – 23.83 m 50 mm blank cl12 uPVC 

23.83 – 29.83 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.65 m 
 
Reference Point Elevation : 75.55 m AHD 
 
Gravel Pack Interval: 0 – 30 m  
 
Final Airlift Yield: Insufficient 
 
Static Water Level: 23.41 m btoc (25/11/06) 
 
Final Water Salinity: 2,900 mg/L TDS  
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BORE CW044P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW044P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 328 541 mE  6 684 138 mN  
 
Status: Monitoring 
 
Date Commenced: 19/11/06 
 
Date Completed: 19/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 48 m 
 
Drilling Details: 0 – 48 m 103 mm Aircore 
  
Casing Details: +0.76 – 0.24 m 219 mm steel  
 +0.64 – 36.85 m 50 mm blank cl12 uPVC 

36.85 – 42.85 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.64 m 
 
Reference Point Elevation : 93.18 m AHD 
 
Gravel Pack Interval: 0 – 43 m (bentonite seal from 30 to 31 m) 
 
Final Airlift Yield: Insufficient 
 
Static Water Level: 8.73 m btoc (24/11/06) 
 
Final Water Salinity: 3,500 mg/L TDS  
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BORE CW045P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW045P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 328 540 mE  6 684 141 mN  
 
Status: Monitoring 
 
Date Commenced: 19/11/06 
 
Date Completed: 20/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 24 m 
 
Drilling Details: 0 – 24 m 103 mm Aircore 
  
Casing Details: +0.80 – 0.20 m 219 mm steel  
 +0.76 – 17.12 m 50 mm blank cl12 uPVC 

17.12 – 23.12 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.76 m 
 
Reference Point Elevation : 93.32 m AHD 
 
Gravel Pack Interval: 0 – 24 m  
 
Final Airlift Yield: 0.22 L/sec 
 
Static Water Level: 8.67 m btoc (24/11/06) 
 
Final Water Salinity: 1,200 mg/L TDS  
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BORE CW047P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW047P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 327 375 mE  6 686 971 mN  
 
Status: Monitoring 
 
Date Commenced: 22/11/06 
 
Date Completed: 22/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 48 m 
 
Drilling Details: 0 – 48 m 103 mm Aircore 
  
Casing Details: +0.92 – 0.08 m 219 mm steel  
 +0.88 – 36.32 m 50 mm blank cl12 uPVC 

36.32 – 42.32 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
+0.84 – 17.16 m 25 mm blank cl9 uPVC  
17.16 - 23.16 m 25 mm hand slotted cl9 uPVC 

  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.88 m 50 mm 
 0.84 m 25 mm 
 
Reference Point Elevation : 61.01 m AHD 50 mm 
 60.97 m AHD 25 mm 
 
Gravel Pack Interval: 0 – 48 m (cement and bentonite seal from 34 to 35 m) 
 
Final Airlift Yield: 0.03 L/sec (50 mm) 
 
Static Water Level: artesian (24/11/06; 50 mm) 
 
Final Water Salinity: 2,600 mg/L TDS (50 mm) 
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BORE CW048P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW048P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 331 678 mE  6 685 256 mN  
 
Status: Monitoring 
 
Date Commenced: 24/11/06 
 
Date Completed: 24/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 48 m 
 
Drilling Details: 0 – 48 m 103 mm Aircore 
  
Casing Details: +0.75 – 0.25 m 219 mm steel  
 +0.66 – 37.61 m 50 mm blank cl12 uPVC 

37.61 – 43.61 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.66 m 
 
Reference Point Elevation : 100.74 m AHD 
 
Gravel Pack Interval: 0 – 44 m (bentonite seal from 36 to 37 m) 
 
Final Airlift Yield: 0.11 L/sec 
 
Static Water Level: 24.97 m btoc (25/11/06) 
 
Final Water Salinity: 720 mg/L TDS  
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BORE CW049P 
MONITORING BORE COMPLETION DATA 

 
 
Project: Aviva – Eneabba Monitoring Bore Installation 
  
Bore No: CW049P 
 
Location: Eneabba, WA 
 
GDA Coordinates: 331 676 mE  6 685 257 mN  
 
Status: Monitoring 
 
Date Commenced: 24/11/06 
 
Date Completed: 24/11/06 
 
Drilling Contractor: Wallis Drilling 
 
Drilling Rig: Mantis 500 
 
Depth Drilled: 30 m 
 
Drilling Details: 0 – 30 m 103 mm Aircore 
  
Casing Details: +0.8 – 0.20 m 219 mm steel  
 +0.77 – 21.42 m 50 mm blank cl12 uPVC 

21.42 – 27.42 m 50 mm slotted cl12 uPVC (0.5 mm aperture) 
  
Reference Point Description: Top of uPVC casing 
 
Height of Reference  
Above Ground: 0.77 m 
 
Reference Point Elevation : 100.13 m AHD 
 
Gravel Pack Interval: 0 – 28 m  
 
Final Airlift Yield: Insufficient 
 
Static Water Level: 25.08 m btoc (25/11/06) 
 
Final Water Salinity: 740 mg/L TDS (calc from field EC) 
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BORE CW 067P MULTIPORT  
MONITORING BORE COMPLETION DATA 

 
 
MGA COORDINATES:    50J 0329828 mN 6685737 mE 
        
REDUCED LEVEL OF DATUM:       
SHALLOW:      79.78 m AHD 
INTERMEDIATE:    79.88 m AHD 
DEEP:      79.98 m AHD 
 
DATUM HEIGHT ABOVE GROUND: 
SHALLOW:     + 0.8 m 
INTERMEDIATE:    + 0.9 m 
DEEP:      + 1.0 m 
 
DRILLING CONTRACTOR:   Bunbury Drilling Company  
 
DRILLING RIG:    Versa-Drill Advantage V-2095EXP 
 
DATE CONSTRUCTED:   6 to 16 November 2007 
 
DRILLING DETAILS:    0 to 13 m, 216 mm PCD bit, mud-rotary 
      13 to 224 m, 216 mm PCD bit, mud-rotary 
       
REAMING DETAILS:    0 to 13 m, 216 to 340 mm diameter, mud-rotary 
       
SURFACE CASING:                                    0 to 13 m, 254 mm ID, 273 mm OD, AS 1163 C350 

LO steel. 
 
CASING DETAILS:  
SHALLOW: +0.8 to 52 m, class 18 uPVC, 500 mm ND, blank 
 52 to 70 m, class 18 uPVC, 500 mm ND, slotted 
INTERMEDIATE: +0.9 to 110 m, class 18 uPVC, 500 mm ND, blank 
 110 to 122 m, class 18 uPVC, 500 mm ND, slotted 
DEEP: +1.0 to 155 m, class 18 uPVC, 500 mm ND, blank 
 155 to 167 m, class 18 uPVC, 500 mm ND, slotted 
 
GRAVEL PACK:  +1.6 -3.2 mm diameter, graded quartz  
 
BENTONITE SEALS: 105 to 109 m and 145 to 150 m 
 
AIRLIFT YIELD:   
SHALLOW:  Trace 
INTERMEDIATE: Trace 
DEEP: Trace 
   
SALINITY/TPH/pH:                                                    
SHALLOW: 11.02 mS/cm, 7,412 mg/L, pH 6.19 
INTERMEDIATE: 16.12 mS/cm, 11,135 mg/L, pH 6.19 
DEEP: 18.43 mS/cm, 12,751 mg/L, pH 6.37 
 
WATER TEMPERATURE:      
SHALLOW: 22.0 deg. C 
INTERMEDIATE: 21.9 deg. C 
DEEP: 22.2 deg. C 
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BORE CW 071P  
MONITORING BORE COMPLETION DATA 

 
 
MGA COORDINATES:    50J 0331259 mN 6683940 mE 
        
REDUCED LEVEL OF DATUM:     m AHD 
 
DATUM HEIGHT ABOVE GROUND:  1 m 
 
DRILLING CONTRACTOR:   Bunbury Drilling Company  
 
DRILLING RIG:    Versa-Drill Advantage V-2095EXP 
 
DATE CONSTRUCTED:   5 to 6 December 2007 
 
DRILLING DETAILS:    0 to 18 m, 340 mm PCD bit, mud-rotary 
      18to 59 m, 250 mm PCD bit, mud-rotary 
       
REAMING DETAILS:     
       
SURFACE CASING:                                    0 to 18 m, 263 mm ID, 273 mm OD, AS 1163 C350 

LO steel. 
 
 
CASING DETAILS: +1.0 to 23 m, 50 mm ID, 60 mm OD, class 18 uPVC 

blank. 
 23 to 59 m, 50 mm ID, 60 mm OD, class 18 uPVC, 

slotted 0.5 mm aperture. 
  
 
GRAVEL PACK:  +1.6 -3.2 mm diameter, graded quartz  
 
 
BENTONITE SEALS: - 
 
 
AIRLIFT YIELD:  Trace   
 
   
SALINITY/pH:                                               1,157 mg/L TDS, pH 6.65 
 
 
WATER TEMPERATURE:   22.1 deg. C 
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BORE CW 073P  
MONITORING BORE COMPLETION DATA 

 
 
MGA COORDINATES:    50J 0331703 mN 6684324 mE 
        
 
REDUCED LEVEL OF DATUM:     109.67 m AHD 
 
 
DATUM HEIGHT ABOVE GROUND:  1.00 m 
 
 
DRILLING CONTRACTOR:   Wallis Drilling Company  
 
 
DRILLING RIG:    Mantas 500; air cap 350 psi 
 
 
DATE CONSTRUCTED:   12 December 2007 
 
 
DRILLING DETAILS:    0 to 80 m, HQ (103 mm) aircore. 
 
       
REAMING DETAILS:    - 
 
       
SURFACE CASING:                                    - 
 
 
CASING DETAILS: 0 to 12 m 50 mm, OD class 12 blank. 
 12 to 80 m, 50 mm OD class 12 slotted 
 
 
GRAVEL PACK:  +1.6 -3.2 mm diameter, graded quartz  
 
 
BENTONITE SEALS: - 
 
 
AIRLIFT YIELD:  - 
 
   
SALINITY/pH:       - 
 
 
WATER TEMPERATURE:   - 
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BORE CW 068PB PRODUCTION BORE  
COMPLETION DATA 

 
 
MGA Coordinates:    50J 0330354 mE 6685899 mN 
        
Reduced Level Of Datum:      76.23 m AHD 
 
Datum Height Above Ground:   0.3 m 
 
Drilling Contractor:    Bunbury Drilling Company  
 
Drilling Rig:     Versa-Drill Advantage V-2095EXP 
 
Date Constructed:    17 to 24 November 2007 
 
Drilling Details:    0 to 25 m, 444 mm PCD bit, mud-rotary 
      25 to 300 m, 216 mm PCD bit, mud-rotary 
       
       
Reaming Details:    25 to 206 m, reamed from 216 mm to 340 mm 
       
Surface Casing:                                    0 to 25 m, 397 mm ID, 406 mm OD, AS 1163 

C350 LO steel. 
 
Casing Details: +0.3 to 27.35 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 27.35 to 39.57 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 39.57 to 45.69 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 45.69 to 51.80 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 51.80 to 75.98 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 75.98 to 85.08 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 85.08 to 97.12 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 97.12 to 106.23 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 106.23 to 112.25 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 112.25 to 118.35 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 118.35 to 142.43 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 142.43 to 151.53 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 151.53 to 157.55 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 



 

I:\335-0\Drilling Results\App II-Production Bore Completion Data.doc 

 157.55 to 166.66 m, 304 grade wire wound screen, 
260 mm ID, 273 mm OD, 0.5 mm aperture 

 166.66 to 190.74 m, 260 mm ID, 273 mm OD, 304 
grade, schedule 20 stainless steel casing 

 190.74 to 199.85 m, 304 grade wire wound screen, 
260 mm ID, 273 mm OD, 0.5 mm aperture 

 199.85 to 200 m, stainless steel base plate 
 
Gravel Pack:  +1.6 -3.2 mm diameter, graded quartz  
 
Bentonite Seals: None 
 
Airlift Yield:  25 L/s 
   
Salinity/pH:                                               1,700 mg/L TDS 
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BORE CW 068PB DEWATERING BORE  
LITHOLOGICAL DESCRIPTIONS 

Depth (m) Description 
0 to 2 LATERIC SAND: yellow- orange, red-brown, poorly sorted, silt to coarse grained quartz in 

ferruginous matrix, weakly cemented, up to large pebbles of laterite nodules. 

2 to 9 
SANDSTONE: pale yellow to cream to white, very fine to coarse grained quartz, poorly 
sorted, moderately to well cemented, minor laterite interbedded, minor traces of heavy 
minerals. 

9 to 12 LATERIC SAND: ochre to orange to brown, very fine to coarse quartz in ferruginous matrix, 
weakly cemented, poorly sorted, minor clay content. 

12 to 18 SANDSTONE: pale yellow to cream to pale grey, very fine to medium grained quartz, poorly 
sorted, poorly to well cemented, minor laterite interbedded. 

18 to 27 SHALE:  dark grey to pale brown, fissile, weakly cemented, traces very fine quartz/heavy 
minerals present. 

27 to 36 SANDSTONE: yellow to ochre orange, very fine to fine grained quartz, sub-angular to sub-
rounded, poorly to moderately cemented, poorly sorted, minor heavy minerals. 

36 to 47 SILTSTONE: dark yellow/orange to dark grey, very fine quartz/heavy minerals, sub-rounded, 
weakly cemented. 

47 to 52 
SANDSTONE: cream to white to pale grey, fine to very coarse grained quartz, angular to sub-
rounded, poorly sorted, weakly cemented, minor carbonaceous material (young coal) 
interbedded. 

49 to 66 SHALE: dark grey to black, weakly cemented, contaminated with laterite from upper layers,  
66 to 68 COAL SEAM 
68 to 75 SHALE: dark grey to black, weakly cemented, interbedded with siltstone in upper 2 meters. 

75 to 82 SILTSTONE: dark grey to mid grey, weakly cemented, increasing very fine to fine quartz with 
depth. 

82 to 84 SANDSTONE: pale grey, silt to fine quartz, sub-rounded, weakly cemented, moderately 
sorted, minor dark grey shale interbedded, with traces of heavy minerals. 

84 to 113 SILTSTONE: dark grey to black, weakly cemented, carbonaceous material and sandstone 
interbedded with shale 

113 to 117 SANDSTONE: pale grey, silt to fine quartz, sub-rounded, weakly cemented, moderately 
sorted, minor dark grey siltstone interbedded, with traces of heavy minerals. 

117 to 171 SILTSTONE: mid todark grey, poorly cemented, minor very fine to fine quartz sandstone 
interbedded, slightly fissile shale also interbedded. 

171 to183 SHALE: as above with interbedded ferruginous fine grained sandstone, moderately to well 
cemented. 

183 to 187 SHALE: as from 165 to 176 m with minor coal traces. 
187 to 197 COAL SEAM: interbedded with dark grey, weakly cemented shale and siltstone 

197 to 199 SANDSTONE: :pale grey, silt to fine quartz, sub-rounded, weakly cemented, moderately 
sorted, minor dark grey siltstone interbedded. 

199 to 240 SILTSTONE: pale to mid to dark grey, silt to very fine grained, moderately cemented, minor 
coal interbedded. 

240 to 264  SILTSTONE: with interbedded well cemented shale. 
264 to 274 SILTSTONE: with minor fine grained quartz sandstone, pale grey, moderately cemented 

274 to 284 SILTSTONE/SHALE: dark brown to pale to dark grey, weakly to moderately cemented, 
siltstone and shales interbedded, very minor traces very fine grained quartz 

284 to 285 SILTSTONE: pale to dark grey, interbedded very fine to fine grained, white to pale grey, 
rounded quartz, moderately to well cemented, minor shale interbedded 

285 to 290 SANDSTONE: pale to mid grey, very fine to medium grained quartz, sub-angular to sub-
rounded, weakly to moderately cemented, poorly sorted, interbedded with siltstone. 

290 to 300 SILTSTONE: mid to dark grey, weakly to moderately cemented, interbedded with shale and 
minor sandstone. 

300 EOH 
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BORE CW 069PB PRODUCTION BORE  
COMPLETION DATA 

 
 
MGA Coordinates:    50J 0329456 mE 668544 mN 
        
Reduced Level Of Datum:      75.02 m AHD 
 
Datum Height Above Ground:   0.31 m 
 
Drilling Contractor:    Bunbury Drilling Company  
 
Drilling Rig:     Versa-Drill Advantage V-2095EXP 
 
Date Constructed:    27 to 29 November 2007 
 
Drilling Details:    0 to 86 m, 216 mm PCD bit, mud-rotary 
       
       
Reaming Details:    0 to 6 m, reamed from 216 mm to 444 mm 

6 to 80 m, reamed from 216 mm to 340 mm 
       
Surface Casing:                                    0 to 5.94 m, 397 mm ID, 406 mm OD, AS 1163 

C350 LO steel. 
 
Casing Details: +0.31 to 20.57 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 20.57 to 29.68 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 29.68 to 44.73 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 44.73 to 53.84 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 53.84 to 68.89 m, 260 mm ID, 273 mm OD, 304 

grade, schedule 20 stainless steel casing 
 68.89 to 78.00 m, 304 grade wire wound screen, 

260 mm ID, 273 mm OD, 0.5 mm aperture 
 78.00 to 78.15 m, stainless steel base plate 
 
Gravel Pack:  +1.6 -3.2 mm diameter, graded quartz  
 
Bentonite Seals: None 
 
Airlift Yield:  5 L/s   
   
Salinity/TPH/pH:                                               3,135 mg/L TDS, pH 7.14 
 
Water Temperature:  22.2 deg. C 
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BORE CW 069PB DEWATERING BORE  
LITHOLOGICAL DESCRIPTIONS 

 
Depth (m) Description 

0 to 2.5 LATERIC SAND: orange to red to brown, very fine to very coarse quartz, up to large pebbles 
of laterite nodules, poorly sorted, weakly cemented. 

2.5 to 12 SILTSTONE: pale grey to dark red/brown, weakly cemented, slightly fissile in places, lateritic 
sand (as above interbedded), minor ferruginous sandstone interbedded. 

12 to 14 SHALE: mid to dark grey, weakly to moderately cemented, fissile, minor siltstone 
interbedded. 

14 to 15 COAL: interbedded with shale (as above). 

15 to 22 SILTSTONE: mid to dark grey, weakly cementd, minor shale, very minor coal, slightly fissile 
in places. 

22 to 33 SILSTONE: as above, interbedded with fine to coarse quartz, sub-angular to sub-rounded, 
poorly sorted, weakly cemented sandstone, white to pale to mid grey 

33 to 37 SILTSTONE: mid to dark grey, weakly cementd, minor shale, very minor coal, slightly fissile 
in places, interbedded with sandstone 

37 to 38 SANDSTONE: white to pale to dark grey, fine to medium grained, sub-angular to sub-
rounded, poorly sorted, weakly cemented, interbedded with siltstone. 

38 to 42.5 SILTSTONE: mid to dark grey, weakly cemented, very slightly fissile in places, very minor 
quartz. 

42.5 to 58 SILTSTONE: mid to dark grey, weakly cemented, very minor heavy minerals, fine white 
moderately cemented sandstone at 48 to 50 m. 

58 to 60 SANDSTONE: very fine to fine, white to pale grey, sub-rounded to sub-angular, moderately 
cemented, moderately to well sorted, minor heavy minerals, interbedded with shale. 

60 to 69 
SILTSTONE: mid to dark grey, weakly cemented, very minor traces very fine quartz 
(residual??), minor white fine quartz sandstone sub-rounded, moderately to well cemented 
well sorted. 

69 to 78 SANDSTONE: white, very fine to medium quartz, sub-rounded, weakly cemented, well 
sorted; interbedded siltstone decreasing with depth. 

78to 86 SILTSTONE: weakly cemented, slightly fissile, mnor sandstone (as above) interbedded, mid 
to dark grey, minor shale (?). 

86 EOH 
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BORE CW 070PB PRODUCTION BORE  
COMPLETION DATA 

 
 
MGA Coordinates:    50J 0330461 mE 6684590 mN 
        
Reduced Level Of Datum:      81.66 m AHD 
 
Datum Height Above Ground:   0.3 m 
 
Drilling Contractor:    Bunbury Drilling Company  
 
Drilling Rig:     Versa-Drill Advantage V-2095EXP 
 
Date Constructed:    2 to 5 December 2007 
 
Drilling Details:     0 to 57 m, 216 mm PCD bit, mud-rotary 
       
       
Reaming Details:    0 to 6 m, reamed from 216 mm to 340 mm 

6 to 54.5 m, reamed from 216 mm to 250 mm                  
mud-rotary 

       
Surface Casing:                                    0 to 6.00 m, 263 mm ID, 273 mm OD, AS 1163 

C350 LO steel. 
 
Casing Details: +0.30 to 11.70 m, 154mm ID, 168 mm UD, class 

12 uPVC blank 
 11.7 to 53.7 m, 154 mm ID, 168 mm UD, class 12 

uPVC, slotted 0.5 mm horizontal aperture.  
  
  
Gravel Pack:  +1.6 -3.2 mm diameter, graded quartz  
 
 
Bentonite Seals: None 
 
 
Airlift Yield:  5 L/s 
 
   
Salinity/TPH/pH:                                               3,223 mg/L TDS, pH 6.06 
 
 
Water Temperature:  21.0 deg. C 
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BORE CW 070PB DEWATERING BORE  
LITHOLOGICAL DESCRIPTIONS 

 
Depth (m) Description 

0 to 3.5 SAND: pale grey-white, brown, moderately sorted, medium to coarse grained sub-rounded 
unconsolidated quartz. 

3.5 to 4 LATERITE: red-brown, pebbles 
4 to 11 SILTSTONE: Grey-brown, weakly cemented, trace of sandstone.  

11 to 14 SHALE: Dark brown, fissile, silty; weakly cemented. 

14 to 18 SANDSTONE: Pale grey to pale brown, poorly sorted, fine to very coarse grained, sun-
rounded, weakly cemented quartz. 

18 to 35 SHALE: Dark grey, fissile minor ferruginous siltstone interbedded, weakly cemented. 

35 to 40 SHALE: Dark grey fissile trace of peaty coal and pyrite at 37m and 40m depth, moderately 
cemented. 

40 to 42 SANDSTONE Pale grey, brown, poorly sorted, fine to very coarse grained, sub rounded 
weakly cemented quartz. 

42 to 47 SHALE: Dark grey, fissile, weakly to moderately cemented. 

47 to 51 SANDSTONE: Pale grey, moderately sorted, fine to medium grained, sun-rounded, weakly 
cemented quartz. 

51 to 57 SHALE: Dark grey, fissile weakly cemented. 
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BORE CW 072PB PRODUCTION  
BORE COMPLETION DATA 

 
 
MGA Coordinates:    50J 0330828 mN 6684325 mE 
        
Reduced Level Of Datum:      87.12 m AHD 
 
Datum Height Above Ground:   0.3 m 
 
Drilling Contractor:    Bunbury Drilling Company  
 
Drilling Rig:     Versa-Drill Advantage V-2095EXP 
 
Date Constructed:    7 to 8 December 2007 
 
Drilling Details:    0 to 10 m, 250 mm PCD bit, mud-rotary 
      10 to 59 m, 250 mm PCD bit, mud-rotary 
       
Reaming Details:     
       
Surface Casing:                                    0 to 10 m, 263 mm ID, 273 mm OD, AS 1163 

C350 LO steel. 
 
Casing Details: +0.3 to 53 m,150 mm ID, 168 mm OD class 12 

uPVC 
 
Gravel Pack:  +1.6 -3.2 mm diameter, graded quartz  
 
Bentonite Seals: None 
 
Airlift Yield:  12 L/s 
   
Salinity/TPH/pH:                                                3.30mS/cm, 1.327mg/L, pH 6.25 
 
 
Water Temperature:   20.2 deg. C 
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BORE CW 072B DEWATERING BORE  
LITHOLOGICAL DESCRIPTIONS 

 
Depth (m) Description 

0 to 2 SILT: pale cream-grey, well sorted, very fine, unconsolidated quartz and organic material. 

2 to 4 SAND: pale grey, poorly sorted, very fine to very coarse grained, sub-angular unconsolidated 
quartz. 

4 to 6 SAND: yellow brown, moderately sorted fine to medium grained sub angular ferruginous 
unconsolidated to moderately cemented quartz and ironstone. 

6 to 10 SANDSTONE/SILTSTONE: pale yellow brown, cream, grey poorly sorted very fine to 
medium grained, weakly cemented quartz interbedded with soft brown siltstone. 

10 to 20 SHALE: dark grey, fissile, minor ferruginous siltstone interbedded, weakly cemented. 

20 to 27 SANDSTONE: pale grey, moderately sorted, very fine to medium grained sub-rounded 
weakly cemented quartz, interbedded siltstone. 

27 to 29 SILTSTONE: pale grey brown, sandy. 
29 to 32 SHALE: dark grey silty. 

32 to 48 SANDSTONE/SILTSTONE: pale brown, poorly sorted, silt to medium grained, sub-rounded, 
weakly cemented quartz, interbedded siltstone. 

48 to 52 SHALE: dark grey fissile. 

52 to 54 SANDSTONE: grey brown, moderately sorted, fine to medium grained, weakly cemented 
quartz, minor interbedded siltstone.  

54 to 59 SHALE/SILTSTONE: mid to dark grey, interbedded fissile shale and sandy siltstone weakly 
cemented. 
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MONITORING BORE CONSTRUCTION DETAILS 




