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Groundwater Evaluation for Southdown Magnetite Project Page 1

EXECUTIVE SUMMARY

The Southdown magnetite project will require water supplies of an estimated two gigalitres
per annum (2 x 10® m*/yr) for concentrating and slurrying the ore for transport to Albany.
Local groundwater is one potential water source being investigated. This report covers the
preliminary assessment.

In the project vicinity, two sub-basins of the Bremer Basin contain sedimentary strata
including some sand/sandstone and spongolite aquifers to depths of 140 m. The aquifers
are part of the Werillup Formation and Pallinup Siltstone of the Plantagenet Group, of
Tertiary age, overlying Precambrian bedrock. One sub-basin is centred on Sunday Swamp,
25 km south-west of the deposit, and the other is near Wellstead, 7 km north-east of the
deposit.

Groundwater test-drilling by the Geological Survey of Western Australia at three relevant
locations indicated moderate rates of supply of water of salinities in the range 800 to 6,300
milligrams per litre Total Dissolved Solids. Generally, the lower-salinity groundwater is
contained in the Pallinup Siltstone and the higher-salinity groundwater in the underlying
Werillup Formation.

No quantitative assessment of bore yields or aquifer productivity has been undertaken in
the sub-basins, but it is likely that bore yields of up to 500 cubic metres/day will be
achievable at some locations. Probably, eleven or more such bores would be required, to
yield the project requirements.

A testing programme of eight test holes and two production bores is recommended. It may
provide adequate information to assess the likelihood of the required supplies being
available. It might need to be modified on the basis of results obtained.

1 INTRODUCTION

The Southdown magnetite deposit, located 90 km north-east of Albany, is the subject of a
Feasibility Study by Grange Resources Limited. Mineralised material — quartz magnetite
gneiss — is to be crushed and beneficiated and transported to Albany via a slurry pipeline.
A locality map is presented as Figure 1.

Water requirements for the beneficiation plant, slurry make-up (assuming 90 percent
return), and dust suppression are estimated to be 2 x 10° m*/annum (2 gigalitres), i.e.
5,500 m’/d. Groundwater is being investigated as a source of the water required together
with the possibility of purchasing re-cycled effluent water from the Water Corporation

A Rockwater Pty Ltd

216.1/05/01



Groundwater Evaluation for Southdown Magnetite Project Page 2

treatment plant at Albany. For groundwater, the issues will be salinity, corrosiveness,
location, and maintenance of supply.

This report comprises a preliminary evaluation of potential aquifers in the vicinity of the
deposit and along a pipeline route to Albany. Investigations comprised a desk study of
borehole and aquifer data, and a field trip to collect site information. A programme has
been designed to test the groundwater supply and quality. The potential for harvesting
surface water resources was also assessed.

Information on bores located in the area was obtained from the database of the Water and
Rivers Commission, mainly collected prior to 1997 when the hydrogeology of the area was
assessed. It included the results of groundwater investigation drilling by the Geological
Survey of WA. Additional information on more-recently constructed bores was provided
by Mr John Pearce of Rainbow Irrigation. A full survey of farm bores was not undertaken
because they generally penetrate only the upper aquifer layers.

Regional gravity and aeromagnetic data were imaged, to examine the configuration of the
sedimentary basin. The gravity image (Fig. 2) gave results which in part agreed with the
basin locations indicated by bore data.

2 HYDROGEOLOGICAL CONDITIONS

2.1 CLIMATE AND RAINFALL

The climate in the Albany region is mild Mediterranean, with maximum temperatures
(monthly averages) ranging from 15°C to 24°C and minimum (monthly averages) from
9°C to 15°C. Average annual rainfall is 933 mm at Albany, strongly decreasing to the
north and east. At the Southdown deposit the interpolated average annual rainfall is
600 mm (Table 1). The wettest six months (May to October) receive 74 percent of the
annual rainfall, on average, at Albany airport; July is the wettest month, recording 15
percent of the annual rainfall, on average.

Table 1 — Interpolated average rainfall at Southdown Deposit

Month Jan | Feb | Mar | Apr | May | June | July | Aug | Sept [ Oct | Nov | Dec | Total

A"e(r':s:;‘fa” 182 | 175 | 239 | 420 | 715 | 775 | 920 | 821 | 655 | 56.0 | 33.9 | 200 | 600

Average pan evaporation at the project site is estimated to be 1500 mm per annum,;
monthly evaporation would on average exceed the rainfall for most of the year except May
to August.

A Rockwater Pty Ltd

216.1/05/01
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2.2 LANDSCAPE

The project area lies in undulating country that is mainly farmland: cereal crops and
sheep-grazing. A small proportion of the land is planted for tree crops, mainly pine, for
control of soil-erosion and shallow groundwater. Soils are predominantly sandy, locally
underlain by siliceous hardpan.

The mineral deposit forms a low rounded ridge of about 25 m height. There are no defined
drainage lines in the vicinity; surface water would collect temporarily in broad depressions
that are ubiquitous in the area. To the south and east of the project area, ephemeral creeks
and minor drainage lines carry surface water southerly to the coast.

In the area to the south and west of Southdown deposit the landscape comprises tree
plantations (predominantly Eucalyptus Globulus), farmland, vegetated coastal dune
systems and occasional granite hills.

2.3 PHYSIOGRAPHY

Regionally, the area between Southdown deposit and Albany is sandplain overlying a
shallow basin of sedimentary strata. It slopes downwards from about 200 m AHD in the
north-west to 50 m AHD in the south-east behind the coastal dune system and bedrock
headlands. Locally, wetlands lie between the sandplain and the coastal fringe where hills
of limestone, dune sand, and bedrock reach from sea level to elevations of up to 100 m or
more.

No significant rivers cross the area of interest for this study, lying between the Pallinup
River in the north-east and the Kalgan River in the south-west. Numerous creeks and
minor rivers drain the 10 km or so of the sandplain bordering the coastal strip, and one
river, Waychinicup, is about 15 km in length.

24 GEOLOGY

Proterozoic-age crystalline bedrock of the Albany-Fraser orogen crops out or underlies the
region from the foot of the Stirling Ranges to the coast. It is characterised by high-grade
gneisses, granitoid intrusions, intense deformation, and major faults trending easterly and
north-westerly. As far as known, the crystalline rocks are relatively unfractured; faults and
shear zones are generally recrystallised, being of Proterozoic age. (However, some faults
at the Stirling Ranges may be younger (Cainozoic age) and open-fractured). The geology
of the area is described by Muhling and Brakel (1985) and Thorn and Chin (1984), and
parts of their maps are reproduced in Figures 3 and 4.
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Groundwater Evaluation for Southdown Magnetite Project Page 9

Silstone; salinity was reported to be 5,180 mg/L TDS. An analysis of a water sample from
Bore ALB 9 is given in Appendix II. Water level was 27 m below ground surface (about
100 m AHD). The Werillup Formation was logged as mainly dark shale with two sand
beds totalling 11 m in thickness. The lower bed (8 m thick) contained coarse material and
might be moderately permeable. Salinity is probably greater than 5,000 mg/L TDS, but no
values were available.

The results suggest that slightly saline groundwater in small to moderate supplies, probably
200-400 m*/d per bore, will be available from sand aquifers of the Werillup Formation.
Supplies from the Pallinup Siltstone are likely to be smaller, say 100-200 m*/d. However,
the shoreline-facies spongolite of the Pallinup Siltstone is reported to be higher yielding
than the fine-sand material, and might provide more than 200 m*/d locally.

In the area to the south-east of Wellstead, the Plantagenet strata may deepen towards
Cheyne Bay. Subject to the strata being sufficiently permeable, it is an area with potential
to yield useful water supplies for the Southdown project. The most prospective aquifers to
be sought are shoreline-facies spongolite, and basal sand of the Werillup Formation.

5 BREMER BASIN - QUATERNARY-STRATA AQUIFERS

In the Wellstead-Cheyne Bay area there is very little coastal sand and limestone that might
extend below the water table. (To the east of the Pallinup River, they extend up to 7 km
inland). Salmon Bay has potential for a small area of aquifer, about 5 km®. There is no
information available, and the area is not easily accessed.

Lying south of Green Range, Hassell Beach is backed by coastal sand and limestone in a
strip measuring about 18 km by 1 km. There is potential for moderate supplies of low-
salinity groundwater if the deposits extend 10 m or so below the water table. The area is
assigned low priority because of the lack of information, and difficulty in accessing the
sandy, steep-duned terrain.

About 20 km further west of Hassell Beach, a peninsula of coastal sand and limestone at
Two Peoples Bay has been developed to supply fresh groundwater to Albany. This area
would not be available for the Southdown project.

6 SURFACE WATER

The Pallinup River lies 23 km to the north-east of the Southdown project, has a large
catchment (3,600 km® above the gauging station) and for the years 19731982 its mean
annual flow was reported to be 17.6 x 10® m® (Public Works Department, 1982). For this
site, an off-stream turkey nest was seen to be more practical than a storage dam, because of
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the large catchment area. The stream flow was noted to be very irregular, but a maximum
yield of 2 x 10° m’/yr was seen to be achievable provided there was adequate carry-over
storage. The flow-weighted average salinity was calculated to be 19,500 mg/L TDS.

Waychinicup River lies 40 km to the south-west of the Southdown project, has a small
catchment (156 km?) and for the years 1969—1982 its mean annual flow was reported to be
9.4 x 10°m’ (Public Works Department 1982). The flow-weighted average salinity was
calculated to be 720 mg/L TDS. No evaluation of dam sites is available for this river, and
it would appear to be optimistic that a supply of 2 x 10° m® would be available each year.
Further investigation could be undertaken if a dam was considered to be cost-effective, and
permissible by authorities and local-interest groups.

7 GROUNDWATER TESTING PROGRAMME

A groundwater testing programme has been designed to evaluate two areas, Sunday
Swamp and Wellstead, for adequate water supplies for the Southdown magnetite project.
These areas of best potential are shown in Figure 5. They extend up to 810 km south-
eastwards from the South Coast Highway (Hassell Road) but locations close to the
highway are suggested to be tested first. The results would indicate the likelihood of 2 x
10° m’/yr of water being available for mineral concentrating/slurrying, from the selected
areas.

The proposed programme comprises eight air-core test holes and two production bores.
When the air-core drilling has been completed, the results will be assessed to decide on the
locations of production bores or to recommend additional test holes.

Test holes and production bores are designed to evaluate and/or draw water from both the
Werillup Formation and Pallinup Siltstone. Anticipated depths are 100 to 170 m,
averaging 150 m. Air-core test holes would be drilled at 114 mm diameter with strata
samples being taken every 2 m and water samples every 6 m. They would be cased with
perforated PVC casing of 30 or 60 mm diameter, and the annulus sand-packed.

Production bores would be drilled mud-rotary at 305 mm diameter and cased with 154 mm
internal diameter casing with screened sections at sand and spongolite beds. The bores
would be packed with graded sand in the annulus, surge-developed, and test-pumped for
48 hours to allow hydraulic analysis.

The locations of the proposed test bores, shown in Figure 5 and listed in Table 4, are
preliminary and need to be verified by discussion with landowners, and inspection of
access. Some of the sites will need to be changed so as to use existing tracks within tree
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plantations. Potential drawdown interference with existing bores will need to be taken into

account prior to construction of production bores.

Table 4 — Preliminary Locations of Proposed Test Bore Sites

Sunday Easting Northing

Swamp m MGA m MGA
Area

1 620100 6153000

2 619000 6151300

3 620900 6154900

4 621500 6156800

Wellstead Easting Northing

Area m MGA m MGA

5 649600 6183600

6 652600 6184200

7 652600 6186800

8 648500 6180000

Test bore locations have been selected close to the South Coast Highway (Hassell Road).
With respect to the Sunday Swamp area, the planned pipeline carrying return water from
Albany may follow the highway route in this vicinity. With respect to the Wellstead area,
a borefield pipeline might be constructed along the highway route.

8 SUMMARY AND CONCLUSIONS

Database information on bores in the Albany-Bremer Bay region indicates that shallow
basins of Plantagenet Group strata overlie granite and gneiss bedrock to depths up to about
140 m whereas generally the bedrock is less than 40 m deep.

One basin centred on Sunday Swamp, 33 km south-west of the Southdown Project, appears
to cover a wide area and to contain sand beds that may yield useful supplies of water:
possibly 500 m*/d per bore. The most productive sand beds are likely to be fine to coarse
grained sands in the lower part of the Werillup Formation; the fine-grained sands of the
overlying Pallinup Siltstone are likely to be relatively low-yielding. There is potential for
vuggy, permeable, spongolite to be developed locally in the siltstone formation. In the
Sunday Swamp area the groundwater in the lower Werillup sands has a salinity of
6,360 mg/L TDS. In the south-western part of this area, 6 km from Sunday Swamp, a test
bore produced fresh water (810 mg/L TDS) from the Pallinup Siltstone.

Another basin, indicated to underlie the Wellstead area about 6 to 12 km north-east of the
Southdown Project, has yielded small to moderate supplies of groundwater from the same
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formations described above. Water salinities ranged up to 5,200 mg/L TDS in the recorded
bores.

Both the Sunday Swamp and Wellstead areas are recommended to be evaluated by test-
drilling, although the former appears to have the greatest potential based on results to date.
The potential areas for borefield development extend 8—10 km to the south-west of the
South Coastal Highway, but it is recommended that testing be conducted near the highway
initially, because of favourable logistics.

A testing programme of eight test holes and two production bores is recommended as the
next stage of evaluation. The drill sites have been selected to provide hydrogeological
information on transects across both basins. Locations are likely to be modified when
access is further investigated. The production bores would be test-pumped to allow
assessment of bore yield and aquifer productivity.

Costings for the testing programme are presently very preliminary, but suggest that
$250,000 to $300,000 may be required.

The conclusions from the present evaluation are that the aquifers of the Bremer Basin have

reasonable likelihood of providing 2 x 10° m*/annum of groundwater, from say eleven
bores producing at 500 m*/d each.

Dated: 17 March 2005 Rockwater Pty Ltd

J R Passmore
Principal Hydrogeologist
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ALBANY DRILLING SITE ALB 9

GEOLOGICAL LOG
Depth (m) Lithological Description
white, light grey, very fine to fine, well sorted, rounded to subrounded,
0-3 Sand .
unconsolidated, trace dark fines
. red-brown, orange, very clayey to clayey, minor pisoliths of ferruginous, very fine to
3-5 Laterite .
fine siltstone up to 5 mm
. light green, blue, very fine to fine, moderately sorted, rounded to subrounded, well
5-8 Silcrete . . .
cemented, silicified, minor dark fines, trace spongolite
light green, khaki, very fine to fine, moderately sorted, round to subangular,
8-14 Siltstone moderately to well cemented, minor dark fines, minor spongolite, minor silcrete, dark
green, very fine to fine, highly silicified, trace dark fines
light green light grey, orange, very fine to fine, moderately sorted, rounded to
14 -45 Siltstone subangular, moderately to well cemented, minor dark fines, trace mica, poor recovery
17-18,23-24, 34-37
45 - 62 Siltstone light brown, yellow, very fine to fine, moderately sorted, rounded to subangular,
weakly cemented, trace dark fines, poor recovery 56-58
62 - 65 Sandstone dark brown tan, very fine to medium, poorly to moderately sorted, subrounded to
subangular, weakly cemented, trace dark fines
dark brown black, clayey, abundant white mica, minor lignite, minor sandstone, 71-
65-87 Shale 76, 80-82, black, very fine to medium, poorly sorted, weakly cemented, subrounded to
subangular
dark olive green, black, clayey, weakly foliated, minor lignite, minor white mica, trace
87 -98 Shale ;
quartz sand, very fine to medium, sobrounded to subangular
dark olive green black, slightly clayey, minor lignite, trace mica, minor quartz sand,
98 - 104 Shale > .
fine to medium, subrounded to subangular, polished and translucent
green, very fine to coarse, poorly sorted, rounded to subangular, unconsolidated,
104 - 112 Sand quartz grains are polished and translucent, trace pyrite, poor recovery 108-111
112114 Granite light green, medium to coarse, angular, quartz grains are streaked and translucent,
trace mica
14-115 Granite light green, m(.:dlumvtoncoarse, angu.lar_, quartz. grains are streaked, fractured and
translucent, minor biotite, trace gneissic foliation

Logged by S L Johnson
Hydrogeologist

Summary: 0-3m
3-62m
62-112m
112-115m

Surficial Deposits

Pallinup Siltstone

Werillup Formation
Proterozoic Bedrock (granite)
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APPENDIX IT
ANALYSES OF WATER SAMPLES
FROM BORES ALB 1B, ALB 6A AND ALB 9
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ANALYSIS OF WATER SAMPLE

ALB 1B

Sample 94699
Sampled 2 May 94
Lab number 93XX13040
pH 6.7
Colour (T.C.U.) <5
Conductivity (mS/m at 25C) 1050

mg/L
Total Dissolved Solids (calc @ 180C) 6360
Total Hardness (as CaCO3) 1210
Total Alkalinity (as CaCO3) 25
Calcium, Ca 90
Magnesium, Mg 240
Sodium, Na 1940
Potassium, K 66
Carbonate, CO3 <2
Bicarbonate, HCO3 30
Chloride, Cl 3380
Sulphate, SO4 610
Nitrate, NO3 <1
Silica, Si02 17
Boron, B 0.61
Fluoride, F 0.6
Total Soluble Salts (Condy*f) 6090

GSWA Bore Reference SI50-11-2528-11-D-6
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ANALYSIS OF WATER SAMPLE

ALB 6A

Sample 123504
Sampled 12 May 94
Lab number 93XX13045
pH 8.0
Colour (T.C.U.) 15
Conductivity (mS/m at 25C) 138

mg/L
Total Dissolved Solids (calc @ 180C) 810
Total Hardness (as CaCO3) 156
Total Alkalinity (as CaCO3) 23
Calcium, Ca 8
Magnesium, Mg 33
Sodium, Na 224
Potassium, K 10
Carbonate, CO3 <2
Bicarbonate, HCO3 28
Chloride, Cl 394
Sulphate, SO4 51
Nitrate, NO3 <1
Silica, Si02 74
Boron, B 0.09
Fluoride, F <0.1
Total Soluble Salts (Condy*f) 800

GSWA Bore Reference SI50-11-2528-11-D-7
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ANALYSIS OF WATER SAMPLE
ALB 9 LOC 6849 133603

Analyte Result Units
Colour <1 Col. Un.
Conductivity 8.6 mS/cm
TDS (calc) 5140 mg/L
TDS 5180 mg/L
pH 7.9

Ca 130 mg/L

Mg 225 mg/L

Fe <0.1 mg/L

Si 33 mg/L

Na 1360 mg/L

K 81 mg/L
Hardness T 1250 mg/L
Alkalinity T 140 mg/L
CO3 <1 mg/L
HCO3 170 mg/L

Cl 2770 mg/L

F <0.1 mg/L

SO4 270 mg/L
NO3 <0.2 mg/L

B 0.5 mg/L

C/A Balance 0.99

Appearance: Clear:; Odour: Nil
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